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   Foreword   

 Urology is a surgical subspecialty involving the medical and surgical management 
of disorders of the urinary tract, specifi cally the kidneys, ureters, and bladder in 
men, women, and children in addition to the male urogenital tract, prostate, ure-
thra, penis, and testes. Surgical procedures have become a mainstay for the diagno-
sis and management of many of the associated urologic disorders. Urologists have 
embraced the use of new technologies to maintain their role both in caring for these 
disorders and in pioneering the use of minimally invasive procedures for their 
patients. A  generation ago, renal stones were managed via a fl ank incision with an 
associated hospital stay and at-home recuperation; these procedures are now per-
formed for the most part in the ambulatory setting and in many cases without any 
instrumentation, instead by delivering stone-breaking shock waves through the 
skin to achieve the same result as open surgery. Likewise, urology has embraced 
laparoscopy and most recently robotic-assisted laparoscopy to replace open sur-
gery to treat numerous disorders, converting what would be a painful and lengthy 
hospital stay into signifi cantly shorter time in the hospital, with less pain, and in 
the case of prostatectomy, a bloodless procedure. As the use of technology has 
expanded in urology, so has the spectrum of patients undergoing surgery, with 
robotics used to repair obstructions in children and in older patients requiring more 
complicated procedural interventions. 

 Critical to these transitions in urological care has been, and continues to be, the 
evolution of anesthesia. The majority of procedural urology is now performed in the 
ambulatory setting, often in an offi ce, which alters the type and delivery of anesthe-
sia. Prolonged CO 2  insuffl ation during laparoscopic and robotic cases also requires 
particular care to avoid specifi c complications in addition to particular concerns for 
complications of unique patient positioning. Furthermore, these considerations 
must be approached in the youngest and oldest of patients. This book aims to cover 
the particular concerns of urological anesthesia, highlighting the team approach 
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between the anesthesiologist and the surgeon as necessary to maintain the positive 
outcomes of the advances in patient care. 

 Simon J. Hall, M.D. 
 Kyung Hyun Kim MD Chair in Urology 

 Director, Deane Prostate Health & Research Center 
 Chair, Milton & Carroll Petrie Department of Urology 

 Icahn School of Medicine at Mount Sinai 
 The Mount Sinai Medical Center 

 New York, NY, USA  

Foreword
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  Pref ace   

 Recognition of urology as a specialty within surgery occurred fairly recently. 
However, for hundreds, if not thousands of years, uroscopy, from which urology 
derives, was the basis of medical practice. The ancient Greeks, Babylonians, and 
Egyptians, to name just a few, used the inspection and taste of urine to determine the 
general state of health of the entire body [ 1 ]. The progress and course of any malady 
could be followed by water-casting, a technique well described by Hippocrates 
(460–370 BC). Urine was collected in graduated glasses, and by inspection of the 
color and sediment, one could determine, or at least opine on, the condition of the 
blood as a whole and diseases in other parts of the body. The twin saints Cosmas and 
Damian have been depicted holding a urine glass. In  The Merry Wives of Windsor , 
Shakespeare refers to “the monarch of the urine” as an equal to the physician. 
Uroscopy dominated medicine well into the eighteenth century and was only gradu-
ally replaced by microscopic examination and chemical analysis. 

 Urologic surgery has also been practiced for centuries. Circumcision has been 
described for over 4,000 years. Depicted in Egyptian hieroglyphics, anesthesia 
would seem to have been confi ned to physical restraint by an assistant. The 
Hippocratic oath, taken by all newly graduated physicians today, notes: 

 “I will not cut for stone, even for patients in whom the disease is manifest; I will 
leave this operation to be performed by practitioners, specialists in this art.” 

 In other words, Hippocrates acknowledged there were practitioners skilled in 
stone removal, just not physicians. Catheters could be used to push back the stones 
and relieve the obstruction. Nevertheless, incisions through the perineum and the 
suprapubic areas have been described from earliest times, as was crushing of large 
stones. Many different instruments were available, but it was not until Nitze fabri-
cated the cystoscope in 1877 to be paired a few years later with the incandescent 
lamp, invented by Edison, that urology became recognized as a specialty. 

 But what of anesthesia during these millennia? Little mention is made of attempts 
at pain control apart from reference to herbs and opium in Arabic literature [ 2 ]. One 
of the fi rst reports of anesthesia in urology recognized the experiences at the Los 
Angeles General Hospital from around 1905 to 1925 [ 3 ]. Approximately 5,500 
patients received spinal anesthesia with cocaine, stovain, and fi nally tropacocaine 
with about a 4% failure rate. Given that spinal anesthesia was fi rst described by Bier 
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in 1904, it would appear that this technique was quickly accepted in urologic proce-
dures. Commenting on Negley’s good results, Miley and Wesson noted “We have all 
been trained with the idea that little skill is required to give an anesthetic so such 
duties fall to the junior intern or the nurse [ 3 ].” Similar to spinal anesthesia, sacral 
or caudal anesthesia, described by Stoeckel in 1909, was also incorporated as a 
preferred technique for urology in 1922 [ 4 ]. 

 The thought that better results might come with more skilled operators was only 
slowly realized. Prior to 1905, physicians assumed roles as the need arose – 
 surgeon, anesthetist, or assistant. In 1905, the Long Island Society of Anesthetists 
was formed by a handful of physicians and would later become the American 
Society of Anesthesiologists. By 1934, anesthesia had gained a fi rmer hold “with 
the wide selection of anaesthetic agents and techniques which we now have at our 
command [ 5 ].” Ether, chloroform, ethylene-oxygen, nitrous oxide, spinal analgesia 
now with percaine, as well as avertin and some new barbiturates for basal anesthe-
sia all had specifi c indications for use in different urologic procedures. 

 In this text, we have tried to present a review of anesthetic requirements and 
contributions to urology today. Clinicians and researchers from many parts of the 
United States and Europe have shared their expertise, and we are most grateful for 
their help. Starting with a review of renal physiology as a background, the book 
considers anesthetic choices and applications in all age groups and in both the oper-
ating room and outpatient settings. Special consideration is given to the pregnant 
patient and to renal transplantation. Robotic surgery lends itself to prostatic surgery 
and is becoming widely accepted. Not without its complications, the anesthesiolo-
gist must make several critical adjustments to ensure a good outcome in these 
patients. Many urologic patients are older, presenting special problems related to 
comorbidities and the risk of drug interactions. As training and recertifi cation in 
anesthesiology become ever more complicated, the adaption of the simulation lab as 
a teaching tool is appealing. Although many options for pain control postopera-
tively are available, results remain imperfect in many instances. We present appro-
priate formulae for both inpatient and outpatient care. Finally, our world today must 
be mindful of medicolegal considerations, and some of the analyses from the closed 
claims study are considered. We hope that readers enjoy this text as much as we 
have enjoyed writing it. 

 As ever, we are most grateful to Shelley Reinhardt, Daniel Dominguez, and the 
staff from Springer for all the support that they have given us.

New York, NY, USA Daniel M. Gainsburg, M.D., M.S.
 Ethan O. Bryson, M.D.
 Elizabeth A.M. Frost, M.D., MB.Ch.B., DRCOG 
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           Review of Normal and Abnormal Renal Functions 

 The most prominent function of the kidneys is to maintain fl uid and electrolyte 
balance via a tightly controlled system that is able to maintain homeostasis even in 
tenuous metabolic situations. The kidneys also maintain the excretion of metabolic 
waste products, control of vascular tone, and regulation of hematopoiesis and bone 
metabolism [ 1 ]. 

 Each kidney weighs approximately 150 g and receives approximately 20% of the 
cardiac output, making the kidney the best-perfused organ per gram of tissue. Renal 
blood fl ow is heterogeneous. Almost 85–90% of the renal blood fl ow goes to the 
cortex of the kidney. The more metabolically active medulla extracts 79% of deliv-
ered oxygen compared with only 18% in the renal cortex. The renal medulla receives 
only about 10% of the renal blood fl ow, however, rendering it more sensitive to 
ischemia [ 2 ]. 

 The kidney is able to autoregulate global renal blood fl ow, which is kept constant 
in a range of mean arterial pressures from 70 to over 180 mmHg [ 3 ]. This ability 
prevents small increases in pressure from resulting in marked increases in sodium 
excretion. It is unclear whether the ability to autoregulate results from the delivery 
of solute to the distal tubule infl uencing fi ltration or vascular smooth muscle tone 
sensing and regulating through a narrow range. More important than the mechanism 
is the fact that in states of disease autoregulatory functions may be lost and periods 
of hypotension can have a signifi cant effect on renal blood fl ow [ 4 ]. 

 Renal blood fl ow regulation thus adjusts the glomerular fi ltration pressure. This 
fi ltration pressure determines the amount of fl uid (approximately 120 ml/min) that 
is fi ltered into the capsular space of the Bowman capsule and into the tubuli of the 
kidney. Most fi ltrate is reabsorbed in the distal tubules of the inferior medulla, where 
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sodium chloride (NaCl) is moved actively into the interstitium while water follows 
passively. Urine and plasma osmolality are then regulated by feedback mechanisms 
in the loop of Henle. Thus autoregulation of renal blood fl ow regulates fi ltration, 
and in the normal kidney, then, normal urine formation denotes normal renal fl ow 
and fi ltration [ 2 ]. 

 Filtration of fl uid through the glomerular capillary membrane produces approxi-
mately 180 l of fl uid per day [ 5 ]. This fi ltration amount depends on hydrostatic 
pressure in the arteriole and plasma oncotic pressure at the level of the glomerulus. 
Regulation of the size of the afferent and efferent arterioles prevents blood pressure 
variations from causing large changes in fi ltration pressure as discussed above. 
Glomerular capillary membranes contain pores, which are freely permeable to 
water, ions, and small negatively charged molecules. Larger uncharged molecules 
such as proteins are not usually fi ltered unless the glomerulus is damaged [ 2 ]. 

 After fi ltration across the glomerulus, tubular transport within the nephron 
involves both active and passive processes. Gradients in concentration or electrical 
potential allow movement of ions from one side of the tubule to the other, allowing 
passive transport to occur. Active transport occurs via movement of molecules 
against an electrochemical potential gradient requiring energy, such as the move-
ment of sodium from the renal tubule to the interstitium of the medullary portion of 
the kidney [ 2 ]. 

 Tubular reabsorption permits the conservation of water, glucose, amino acids, 
and electrolytes and can be either active or passive. It allows the movement of these 
substances from the tubular lumen to the blood. The opposite phenomenon is tubu-
lar secretion, which allows the secretion of metabolic waste products. Tubular 
secretion allows active or passive transportation of substances into the tubular 
lumen. Many substances are secreted, particularly weak acids or bases. This is the 
major route for elimination of not only metabolic products, but also foreign sub-
stances including drugs [ 2 ]. 

 An important component in regulating the composition of the body is the ability 
of the kidney to concentrate or dilute urine. Fluid enters the proximal convoluted 
tubule and fl ows past the proximal tubule cells where sodium passively enters and 
chloride follows. Water follows in response to the osmotic gradient generated by 
passive fl ow of NaCl. The sodium-potassium pump with energy provided by ade-
nosine triphosphate (Na-K ATP pump) extrudes sodium from the tubular cell into 
the cortex intersitium in exchange for potassium. Chloride and water passively fol-
low and are carried away by the peritubular capillaries. The volume of fl uid in the 
proximal tubule is reduced by 75%. Tubular fl uid then fl ows into the loop of Henle 
where urine and plasma osmolality are regulated by feedback mechanisms. For 
example, increased interstitial NaCl concentrations lead to an increased reabsorp-
tion of water and a decrease in urine output [ 2 ]. 

 Many tests are available to measure the renal functions discussed thus far. 
Measurement of serum creatinine is among the quickest and least expensive. 
Creatinine is derived from muscle metabolism and excreted at a fi xed amount. Thus 
changes in glomerular fi ltration rate (GFR) are refl ected in changes in serum creati-
nine [ 6 ]. However, patients with decreased muscle mass such as children and the 
elderly make less creatinine and thus have lower serum levels of creatinine. This 
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explains the fi nding of normal serum creatinine levels in elderly patients with known 
decreases in GFR due to decreased creatinine production from decreased skeletal 
muscle mass. Therefore, even mild increases in serum creatinine levels in the elderly 
are indicative of signifi cant renal disease. Conversely, patients with rhabdomyolysis 
will produce more creatinine than usual and have elevated serum creatinine levels. 
This is an example of how serum creatinine levels can be increased without a con-
comitant decrease in GFR. Creatinine is insensitive and slow to refl ect acute changes 
in renal function. Thus it is a late sign of renal injury, often refl ecting signifi cant 
damage to the kidney [ 1 ,  3 ]. 

 Creatinine clearance (CrCl) is another test used to evaluate renal function. As 
creatinine is produced at a constant rate and freely fi ltered without being reabsorbed, 
CrCl correlates with GFR. A 24 h CrCl is the most accurate method of determining 
the values. It is calculated by the formula:

  CrCl = ×U P V/    

where U = urinary concentration of creatinine (mg/100 ml); P = plasma concentra-
tion of creatinine (mg/100 ml); and V = urine volume (ml/min) [ 7 ]. 

 Normal CrCl are 85–125 ml/min in women and 95–140 ml/min in men. CrCl 
decreases with age and approaches 70 at age 70 [ 2 ]. 

 Blood urea nitrogen (BUN) measurements vary with GFR and are less precise 
than creatinine. The test is greatly infl uenced by protein metabolism and intake. 
Situations that increase tissue breakdown, for example, gastrointestinal bleeding, 
result in high levels without a concomitant decrease in GFR [ 5 ]. Despite its inac-
curacies, BUN concentrations higher than 50 mg/dL usually refl ect a decreased GFR. 

 Urine output is an unreliable marker of renal function. Adequate urine output is 
usually an indicator of adequate renal function; however, low urine output may have 
various causes and does not necessarily indicate signifi cant renal injury. In the oper-
ating room, low urine output may refl ect a decrease in blood volume or cardiac 
output, changing hormone levels, or increased catecholamine. For example, intra- 
abdominal laparoscopic surgery causes a decrease in renal blood fl ow and urine 
output, which does not necessarily represent signifi cant renal injury. While tradi-
tionally urine output of 0.5 ml/kg/h was used to defi ne an adequate urine volume, 
this has not been shown to correlate with evidence of acute tubular necrosis or 
perioperative changes in BUN or CrCl [ 8 ]. 

 Urinalysis on the other hand is a simple test, which may give useful information 
regarding renal function. If normal renal function is present, urine is a good indica-
tor of the concentrating ability of the kidney and may be used to assess the patient’s 
hydration status via measurement of specifi c gravity. Normal specifi c gravity values 
range from 1.001 to 1.030. In cases of poor perfusion or prerenal azotemia, urine 
specifi c gravity exceeds 1.030. While in acute tubular necrosis, the loss of concen-
trating ability moves specifi c gravity to 1.010. Presence of blood and casts may be 
suggestive of renal and postrenal endothelial damage. Additionally presence of pro-
tein in the urine may suggest glomerular pathology. Also, ketones and glucose pres-
ence or absence is a useful monitor in diabetics [ 2 ]. 

 Fractional excretion of sodium (FeNa) is a useful test for understanding the 
concentrating ability of the kidney. A measurement of the amount of fi ltered sodium 
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that is excreted in the urine is a useful test to aid in the differential diagnosis of renal 
injury. A FeNa less than 1% indicates adequate tubular function for concentrating 
and suggests prerenal causes if the patient has azotemia. While FeNa between 1% 
and 3% is diffi cult to interpret, over 3% suggests renal parenchymal disease such as 
acute tubular necrosis. Use of diuretics may confuse the diagnostic utility of FeNa, 
as they alter the kidneys handling and transport of sodium [ 9 ].  

   Identification of Anesthetic Drugs Dependent 
on Renal Excretion 

    General Anesthesia 

 There is a reversible depression of renal function observed during and after surgery 
in most patients, which is likely attributable to interplay between surgical procedure 
and duration, anesthetic techniques, and the cardiovascular and renal status of the 
patient. General anesthesia is associated with a transient decrease in renal function 
evidenced by decreases in GFR, renal blood fl ow (RBF), urine output, and solute 
excretion. The deeper the level of anesthesia, the greater the degree of depression in 
renal function, particularly in the presence of hypovolemia [ 10 ]. 

 Multiple intravenous anesthetics have effects on renal function (Table  1.1 ). 
Thiopental decreases GFR and urine fl ow as well as renal blood fl ow and sodium 
excretion. The effect of this medication gradually reverses, and animal studies on 
high-dose thiopental show renal blood fl ow remains unchanged in spite of a decrease 
in myocardial contractility, cardiac preload and blood pressure, and a refl ex increase 
in systemic vascular resistance [ 11 ]. The effects of propofol on renal injury remain 
controversial. Recent rat studies suggest propofol may have a protective effect in 
acute kidney injury [ 12 ]. Midazolam, in induction doses, decreases urine fl ow but 
does not signifi cantly affect renal blood fl ow, renal vascular resistance, or sodium 
excretion [ 13 ]. Ketamine has been shown in dogs to increase blood pressure, renal 
blood fl ow, and renal vascular resistance though studies are confl icting [ 14 ]. At 
doses of 1–2 mg/kg, morphine does not decrease blood pressure or urine fl ow. 
Fentanyl may decrease GFR, urine fl ow, and mean arterial pressure (MAP), though 
with confl icting data regarding renal blood fl ow [ 3 ].

   Inhalational anesthetics affect renal function as well. Halothane has been a fairly 
extensively studied volatile anesthetic. Most studies show a decrease in GFR, 
sodium excretion, and urine output with a variable effect on renal blood fl ow during 
halothane administration. Data suggest that halothane may not decrease renal blood 
fl ow [ 15 ]. While less information is available regarding the effects of other volatile 
anesthetics, enfl urane decreases GFR, RBF, and urine fl ow in humans. Likewise, 
isofl urane decreases GFR and urine output in pigs with little change in renal blood 
fl ow [ 16 ]. Sevofl urane metabolism to inorganic fl uoride has been implicated in 
experimental studies of renal toxicity; however, no human studies are available to 
indicate this effect [ 17 ]. Desfl urane decreases renal vascular resistance as well as 
RBF, thus maintaining renal blood fl ow [ 8 ]. 
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 While multiple anesthetic drugs have direct effects on the kidneys and their 
function due to hemodynamic affects, they are often also dependent on the kidney 
for renal excretion of either the drug itself or of its metabolites. Hydrophilic and 
ionized drugs depend primarily on renal excretion. Mechanisms of renal excretion 
depend on renal blood fl ow. Thus renal blood fl ow decreases due to surgery, anes-
thesia, or preexisting conditions may result in decreased renal excretion by the kid-
neys. This knowledge becomes important in developing an anesthetic plan for 
patients with renal dysfunction. In addition to accumulation of drugs and their 
metabolites, renal failure patients may also have an altered volume of distribution, 
hypoalbuminemia, anemia, hyperkalemia, and metabolic acidosis. 

 Of the intravenous anesthetics, multiple medications are affected in patients with 
renal failure. Thiopental, a highly protein-bound drug, has an increased unbound 
fraction in the presence of hypoalbuminemia, acidemia, and uremia [ 18 ]. This 
increase in free drug in renal failure patients should theoretically decrease the dose 
required. However, renal failure patients also experience an increased volume of 
distribution, which counteracts the increase in unbound fraction. Thus patients with 
renal dysfunction usually require a normal to slightly decreased dose of thiopental. 
Thiopental’s elimination half-life and clearance are only slightly prolonged as the 
drug is primarily metabolized by the liver. Unlike the more protein-bound barbitu-
rates, ketamine, propofol, and benzodiazepines require no alteration in induction 
doses in patients with renal failure [ 8 ]. 

 Narcotics are another class of medications to be taken into consideration in 
patients with renal dysfunction. Morphine is metabolized primarily by hepatic 

   Table 1.1    Effects of various anesthetics on renal function   

 RBF  GFR  Urine output 
 General anesthesia  ↓  ↓  ↓ 
 Intravenous anesthetics 
 Thiopental  ↔  ↓  ↓ 
 Propofol  ↔  ↔  ↓ 
 Midazolam  ↔  ↔  ↓ 
 Fentanyl/droperidol  ↔  ↔  ↓ 
 Fentanyl (high dose)  ↔  ↔  ↔ 
 Inhalation anesthetics 
 Halothane  ↔  ↓  ↓ 
 Isofl urane  ↔  ↓  ↓ 
 Desfl urane  ↔  ↓  ↓ 
 Sevofl urane  ↓  ↓  ↓ 
 Regional anesthesia 
 Epidural (with epinephrine)  ↓  ↓  ↓ 
 Epidural (without epinephrine)  ↔  ↔  ↔ 
 Spinal  ↔  ↔  ↔ 

  Key: ↔ = No signifi cant change 
   ↓   = Decrease 

 Adapted from Hemmings [ 10 , p. 20]  
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glucuronidation to form morphine-6-glucuronide and morphine-3-glucuronide, 
both of which are excreted renally [ 19 ]. Morphine-6-glucuronide is more potent 
than morphine and may accumulate in renal patients causing prolonged respiratory 
depression. Meperidine is metabolized by the liver to normeperidine, which is elim-
inated both renally and hepatically. Accumulation of high levels of normeperidine 
can produce excitatory central nervous symptoms including seizures in extreme 
cases. More appropriate narcotics in renal patients include fentanyl [ 20 ], sufentanil, 
alfentanil, and remifentanil that do not undergo transformation to long-acting 
renally excreted metabolites [ 3 ]. 

 Inhalational anesthetics including halothane, sevofl urane, isofl urane, and desfl u-
rane are all useful for patients with renal failure. Elimination of these drugs is not 
dependent on renal function. However, volatile anesthetics are variably metabolized 
by the liver to metabolites including inorganic fl uoride, which is dependent on renal 
excretion and is nephrotoxic [ 21 ]. This metabolization is highest in halothane 
(12–20%) and followed by sevofl urane, enfl urane, isofl urane, and desfl urane (3%, 
2%, 0.2%, and 0.02%, respectively). Sevofl urane has not been reported to cause 
renal toxicity in patients despite this laboratory data [ 22 ]. 

 Additional medications used in general anesthesia and affected by renal failure 
include neuromuscular blockers and anticholinesterases. Succinylcholine increases 
serum potassium by 0.5 meq/l. This increase is no larger in renal patients than in 
nonrenal patients: however, the baseline potassium must be taken into consider-
ation. Succinylcholine is metabolized by the hepatically produced plasma cholines-
terase. This cholinesterase may be decreased in uremic renal patients, but this does 
not usually lead to any clinically signifi cant effect. A metabolite of succinylcholine, 
succinylmonocholine, is excreted by the kidney and may be active as a nondepolar-
izing neuromuscular blocker. Thus continuous infusions of succinylcholine should 
be avoided in patients with renal failure [ 8 ]. 

 Nondepolarizing neuromuscular blockers also include those dependent on renal 
excretion. Pancuronium, metocurine, gallamine, doxacurium, and pipercurium are 
renally excreted and will exhibit prolonged elimination half-lives in patients with 
renal failure. Atracurium, vecuronium, and cisatracurium are the paralytics of 
choice for intermediate duration as their pharmacodynamics are minimally affected. 
Atracurium metabolism depends on ester hydrolysis and Hoffman’s elimination, 
which do not require renal function. However, a metabolite of atracurium, laudano-
sine, is a central nervous system excitatory agent, which may accumulate in renal 
patients, though has not been documented to reach clinical signifi cance [ 23 ]. 
Cisatracurium is metabolized by Hoffman’s elimination and is safe in renal failure 
[ 24 ]. Vecuronium is metabolized by the liver; however, the clinical duration of the 
drug may be increased in renal failure due to an increase in elimination half-life and 
decrease in clearance. The elimination half-life of rocuronium is increased in renal 
dysfunction due to the increased volume of distribution; however, there is no clini-
cal difference noted in terms of onset, duration, and recovery of neuromuscular 
blockade. Mivacurium, while no longer available in the United States, is hydrolyzed 
by plasma cholinesterase and shows a prolonged duration of action in renal failure. 
This difference is only a matter of a few minutes and does not prevent usage in 
patients with renal failure [ 8 ]. 
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 Of the anticholinesterases, neostigmine, pyridostigmine, and edrophonium are 
all highly dependent on renal excretion [ 25 – 27 ]. As a result they have prolonged 
durations of action in patients with renal failure. Anticholinergics such as atropine 
and glycopyrrolate also have prolonged durations of actions in these patients [ 3 ]. 

 Analgesics in addition to narcotics must be taken into consideration when admin-
istered to patients with renal disease. Acetaminophen does not inhibit renal prosta-
glandins and is less likely to cause renal toxicity than other nonsteroidal 
anti-infl ammatory drugs (NSAIDs) [ 28 ]. Thus while prolonged use of acetamino-
phen is associated with analgesic nephropathy, occasional or moderate use is safe 
during the perioperative period and does not require dose adjustment. Unlike acet-
aminophen, the adverse effects of the nonsteroidal anti-infl ammatory drugs likely 
outweigh any potential benefi t perioperatively. They are associated with an increased 
risk of cardiovascular complications in this high-risk population. NSAIDs are also 
nephrotoxic agents that precipitate an acute decrease in GFR and may cause acute 
interstitial nephritis [ 29 ].  

    Regional Anesthesia 

 Regional anesthesia effects on renal function also involve the interplay between 
surgical procedure, anesthetic technique, cardiovascular, and renal status of the 
patient. Additionally regional anesthesia effects on renal function may involve the 
effects of the neural blockade on renal function. A spinal block as high as T1 pro-
duces only slight depressions in GFR and RBF in humans as long as systemic blood 
pressure is maintained [ 30 ]. Likewise, epidural blocks to thoracic levels with 
epinephrine- free local anesthetics produce minimal decreases in GFR and renal 
blood fl ow [ 10 ]. However, epidural blocks to the thoracic region with epinephrine- 
containing local anesthetics induce moderate reductions in GRF and RBF that par-
allel reductions in mean arterial pressure. Most likely the effects of neuraxial 
blockade on renal function depend on the hemodynamic effects induced by the sym-
pathetic blockade. An additional mechanism of regional anesthesia’s effects on 
renal function may involve neuroendocrine mechanisms. Many hormones that are 
increased as part of the stress response to surgery (cathecholamines, aldosterone, 
rennin/angiotensin, ADH, cortisol) have signifi cant effects on renal function. 
However, studies have not born out this theory thus far [ 7 ,  8 ].   

    Perioperative Management of the Patient 
with Impaired Renal Function 

    Perioperative Concerns 

 Management of the renally compromised patient must fi rst distinguish whether the 
patient is experiencing acute kidney injury or chronic renal failure. Acute kidney 
injury criteria vary but usually include increases in serum creatinine greater than 
two- to threefold from baseline or decreased urine output to <0.5 ml/kg/h for 12 h 
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[ 31 ,  32 ]. Acute renal failure (ARF) is thought to affect between 5% and 7% of all 
hospitalized patients. Those at highest risk are elderly patients with a history of 
diabetes or underlying renal insuffi ciency. Risk factors for the development of ARF 
are multiple, including existing renal disease, age, congestive heart failure, renovas-
cular disease, and major operative procedures such as cardiopulmonary bypass or 
abdominal aneurysm resections. In hospital patients iatrogenic components such as 
inadequate fl uid replacement, sepsis, and administration of nephrotoxic drugs or 
contrast materials may contribute. Multiple complications are associated with acute 
renal failure affecting multiple organ systems. Neurologically patients can experi-
ence confusion, somnolence, and seizures. Cardiovascular complications include 
hypertension, congestive heart failure, and pulmonary edema. In addition patients 
may experience cardiac dysrhythmias and pericarditis. Gastrointestinal complica-
tions include anorexia, nausea, vomiting, and ileus [ 1 ]. 

 Preoperative management of patients with acute renal failure should include 
supportive measures aimed at limiting further damage [ 33 ]. Underlying causes 
should be sought and reversed, including hypovolemia, hypotension, low cardiac 
output, and treatment of sepsis. Thus fl uid resuscitation is emphasized in the pre-
vention and treatment of ARF [ 34 ], though benefi ts of crystalloid vs. colloid are still 
controversial in the literature [ 34 ]. Dialysis remains the mainstay of severe ARF 
though schedules and regimens vary. The overall prognosis for these patients is very 
poor with mortality rates reported of more than 20% or as high as 50% in patients 
requiring dialysis [ 7 ]. 

 Chronic renal insuffi ciency (CRI) is defi ned as either a glomerular fi ltration rate 
(GFR) of <60 ml/min/1.73 m 2  for 3 months or more or kidney damage leading to a 
decrease in GFR present for 3 months or more. It is a progressive, irreversible dete-
rioration of renal function resulting from a wide variety of diseases. The most com-
mon etiology, evidenced by a study in 2005, was diabetes mellitus, which accounted 
for 43.8% of all incident cases of established renal failure [ 35 ]. 

 Chronic renal failure (CRF) is associated with multiple clinical conditions, which 
must be considered preoperatively. First as a result of the high association of CRI 
with diabetes mellitus, this comorbidity must be taken into consideration. Patients 
with diabetes mellitus and CRI should have good glucose control, evidenced by gly-
cosylated hemoglobin less than 7% [ 1 ]. Hyperglycemia may lead to hyperkalemia or 
excessive weight gain. If patients are in end-stage renal disease (ESRD) and on 
hemodialysis, this may result in decreased insulin requirements [ 36 ]. 

 Many other clinical conditions are associated with chronic renal failure. The 
kidney’s inability to adequately perform its excretory, secretory, and regulatory 
functions may lead to development of the uremic syndrome. This syndrome is asso-
ciated with anorexia, nausea, vomiting, pruritus, anemia, fatigue, and coagulopathy. 
BUN concentration may be a useful clinical indicator of the severity of this syn-
drome. Treatment is usually dietary protein restriction to limit protein catabolism 
and urea production. Renal osteodystrophy results from the interaction of secondary 
hyperparathyroidism and decreased vitamin D production by the kidneys. This 
results in bone demineralization and increased serum alkaline phosphatase concen-
trations. Treatment is intended to prevent skeletal complications and involves 
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restriction of dietary phosphate intake along with administration of oral calcium 
supplements and vitamin D therapy. Anemia is frequently found in patients with 
chronic renal failure primarily due to decreased erythropoietin production by the 
kidneys. Treatment is with recombinant human erythropoietin. In addition to ane-
mia, patients with chronic renal failure have an increased tendency to bleed despite 
normal coagulation studies such as platelet count, prothrombin time, and plasma 
thromboplastin time [ 1 ]. This is often a result of uremia and may include the use of 
cryoprecipitate to provide factor VIII-von Willebrand factor or administration of 
1-desamino-8-D-arginine vasopressin (DDAVP). The maximal effect of DDAVP is 
present within 2–4 h and lasts 6–8 h. Thus the effects of both cryoprecipitate and 
DDAVP last for only a few hours to correct bleeding tendencies in renal failure 
patients [ 1 ]. 

 Neurologic changes may be the early manifestations of chronic renal insuffi -
ciency, including insomnia and irritability. As renal disease progresses, more sig-
nifi cant changes including increased deep tendon refl exes, seizures, and uremic 
encephalopathy may occur. Another complication of advanced chronic renal failure 
is the development of a distal, symmetrical mixed motor and sensory polyneuropa-
thy, which most commonly involves the legs. This symptom is the result of uremia 
and may improve with hemodialysis [ 7 ]. 

 Finally, cardiovascular changes associated with chronic renal failure are multiple. 
Systemic hypertension is common and contributes to congestive heart failure, coro-
nary artery disease, and cerebrovascular disease. Systemic hypertension refl ects 
intravascular fl uid volume expansion due to sodium and water retention as a result 
of activation of the renin-angiotensin-aldosterone system. Dialysis is the recom-
mended treatment of patients who are hypertensive because of hypervolemia and 
those who develop uremic pericarditis. 

 Treatment of chronic renal failure/insuffi ciency includes aggressive treatment of 
the underlying cause (e.g., diabetes), medications to delay progression of disease, 
and renal replacement therapy when end-stage renal disease ensues. Treatment of 
hypertension to slow the decline of renal function is a primary focus of medical 
therapy [ 37 ]. Often this is attempted with either ACE inhibitors or angiotensin 
receptor blockers as the renin-angiotensin-aldosterone system underlies the patho-
physiology of such hypertension. Treatment with such medications has been shown 
in multiple trials to slow the progression of chronic renal failure [ 38 ]. Beta-blockers 
are used as second or third-line antihypertensive drugs. Another mainstay of 
treatment is strict glycemic control in diabetic patients with CRI or CRF. 
Recommendations include a goal of less than 7% glycosylated hemoglobin [ 1 ]. 
Another target of therapy is the use of dietary protein restrictions. However, trial 
results are mixed, and although it is desirable to restrict protein intake and reduce 
the accumulation of toxic metabolites, many CRF patients experience anorexia and 
have a poor nutritional status at baseline [ 1 ]. 

 When chronic renal insuffi ciency progresses, treatment of renal failure ulti-
mately requires either transplantation or dialysis to control symptoms. Patient coun-
seling regarding renal replacement options, including hemodialysis, begins when 
GFR approaches 30 ml/min/1.73 m 2 . Once hemodialysis is initiated, it introduces a 
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host of other associated clinical concerns. The fi rst of these concerns is vascular 
access, which may be either permanent or temporary. In order to preserve blood 
vessels for the creation of such access, venipuncture should be avoided in the non-
dominant arm and the upper part of the dominant arm of patients with chronic renal 
failure. Permanent access options include native arteriovenous fi stulae (AVF), arte-
riovenous grafts (AVG), and long-term catheters, while temporary access includes 
acute short-term non-cuffed catheters, long-term tunneled cuffed catheters, and sub-
cutaneous port catheter systems. Thrombosis of these vascular access sites is com-
mon despite the presence of coagulopathy in patients with chronic renal failure. 
Native arteriovenous fi stulas are preferred to synthetic grafts because of their longer 
life span and lower incidence of thrombosis and infection. However, complications 
of AVF and AVG are a common cause of hospitalization and need for anesthesia in 
these patients. The most common complication is intimal hyperplasia resulting in 
stenosis. Other complications include infection, aneurysm formation, and arm isch-
emia [ 21 ]. 

 The most common complication associated with hemodialysis is hypotension 
and most commonly refl ects volume depletion. Most hypotensive episodes may be 
treated successfully by slowing the rate of ultrafi ltration or administering a normal 
saline bolus. Patients with end-stage renal disease have decreased total body potas-
sium and a surprising tolerance of hyperkalemia, with less pronounced cardiac and 
neuromuscular responses to hyperkalemia than patients with normal renal function. 
Thus patients on hemodialysis should not be protein restricted. There is an increased 
incidence of ischemic heart disease and myocardial infarction among patients on 
hemodialysis; however, medical management of such disease remains the same as 
those with normal renal function. Congestive heart failure is another complication, 
which is often encountered. Hemodialysis is used to remove fl uid and provide 
symptomatic relief. Finally, bleeding in renal failure patients due to altered platelet 
function from uremia is partially correctable by hemodialysis. Finally, patients on 
hemodialysis are susceptible to infection due to impaired phagocytosis and chemo-
taxis [ 1 ]. 

 In patients with congestive heart failure or unstable angina who may not tolerate 
the large fl uid shifts associated with hemodialysis, peritoneal dialysis is an alterna-
tive therapy. Peritoneal dialysis requires placing an anchored plastic catheter in the 
peritoneal cavity for infusion of a dialysis solution that remains in place for several 
hours. While in place, diffusion of solute occurs across the peritoneal membrane. 
Peritoneal dialysis is also indicated in patients with extensive vascular disease, in 
whom vascular access is unobtainable. The most common complication of perito-
neal dialysis is peritonitis, often requiring treatment with antibiotics [ 1 ]. 

 Preoperative considerations in patients with chronic renal failure include the 
evaluation of changes associated with CRF as well as evaluation of comorbidities 
associated with the development of renal disease (i.e., diabetes, hypertension). For 
example, in diabetic patients glucose management is of concern. Blood volume 
status may be evaluated by comparing body weight before and after hemodialysis as 
well as monitoring vital signs. Patients on hemodialysis should undergo dialysis in 
the 24 h prior to any scheduled surgery. This decreases the likelihood of uremic 
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bleeding, pulmonary edema, and impaired oxygenation. Serum potassium should be 
checked before the operating room and should not exceed 5.5 mEq/l. If concern 
exists for coagulopathy, DDAVP should be administered before surgery. 
Antihypertensive drug therapy is generally continued in these patients [ 1 ].  

    Intraoperative Concerns 

 In patients with acute renal failure, it must be remembered that the morbidity and 
mortality is so high that only emergent life-saving surgery should be undertaken. 
Intraoperative management of such patients echoes the mainstays of treatment of 
ARF preoperatively. Maintenance of adequate mean systemic blood pressure and 
cardiac output remains crucial as does avoidance of further renal insults. Thus, 
avoidance of hypotension, hypovolemia, hypoxia, and nephrotoxins is important. 
Invasive hemodynamic monitoring should be used, as should frequent blood gas 
analyses and electrolyte determinations [ 1 ]. 

 Induction of patients with renal failure must take into consideration that patients 
may exhibit uremia-induced slowing of gastric emptying. Succinylcholine induced 
potassium release is not increased during renal failure, and may be used if serum 
potassium levels are at acceptable levels. If there is no evidence of delayed gastric 
emptying requiring the need for rapid onset of paralysis, the renal clearance of neu-
romuscular agents should be considered when choosing induction agents. Renal 
failure patients may respond to induction of anesthesia as if they are hypovolemic, 
as a result of multiple factors including the attenuation of the sympathetic nervous 
system by antihypertensive drugs. 

 Considerations during maintenance of anesthesia in patients with renal failure 
include fl uid management, monitoring, and choice of anesthetic agents. Those 
patients with renal failure who do not require hemodialysis may benefi t from preop-
erative hydration with crystalloid to offset a contracted extracellular fl uid volume. 
Patients who undergo hemodialysis are more diffi cult to balance between insuffi -
cient and excessive fl uid loads. Fluid replacement must be carefully weighed to 
offset insensible and surgical losses. Blood transfusions may be considered if blood 
loss is excessive [ 17 ]. 

 Monitoring is necessary in renal failure patients, but some concerns must be 
considered. Patients with chronic renal failure may have arteriovenous fi stulas or 
grafts in place limiting options for placement of invasive monitors such as arterial 
lines. Central venous access may be diffi cult in patients with tunneled Permacaths® 
or temporary dialysis catheters or with a history of prior catheters with stenosis of 
vessels. Thus it may be necessary to use temporary dialysis catheters, if this is the 
case access must be done aseptically and the catheter must be left heparinized and 
be aspirated before use [ 21 ]. 

 Various intervention strategies have been used in attempts to protect the kidneys 
in the perioperative period. Dopamine infusions have been studied in multiple trials 
[ 39 ,  40 ]. Urine output has been shown to be improved but with considerable hetero-
geneity across studies [ 40 ]. Additionally this improvement has not been matched in 
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any other tests of renal function such as creatinine clearance [ 40 ]. Thus it appears 
that dopamine and its analogues do not offer much in the way of renal protection. 
Diuretics such as mannitol or furosemide have also been studied in multiple trials 
for their protective abilities of renal function [ 40 ]. Urine output was not shown to be 
signifi cantly different in the majority of these studies. Creatinine clearance changes 
were also clinically insignifi cant in these studies, suggesting no real advantage to 
these agents. Another protective strategy employed calcium channel blockers, such 
as diltiazem, nicardipine, and felodipine [ 40 ]. In these studies there has been an 
advantage for treatment with slightly better creatinine clearance compared to con-
trols; however, studies involved very small groups of patients. Ace inhibitors (enala-
pril and captopril) have also been studied as renal protective agents [ 40 ]. None of 
these studies have found any signifi cant difference from controls. Another renal 
protective strategy studied is the role of specialized intravenous fl uids, such as col-
loid or hypertonic saline. Studies thus far suggest urine output was improved only 
in the control group (ordinary crystalloids), while creatinine clearance showed no 
difference between groups [ 40 ]. Thus despite multiple attempts at developing renal 
protective strategies employing medications or specialized intravenous fl uids, there 
is no evidence that interventions offer any advantage to patients or evidence of an 
improved way of practice [ 40 ].  

    Postoperative Concerns 

 In patients with acute renal failure who require renal replacement therapy preopera-
tively, dialysis should be instituted postoperatively as soon as the patient has stable 
hemodynamics. Chronic renal failure patients on maintenance hemodialysis do not 
require postoperative hemodialysis unless indicated due to fl uid overload, acidemia, 
or electrolyte disturbances. 

 Postoperative concerns in patients with existing renal failure include the effects 
of medications dependent on renal excretion as described previously. This includes 
risk of inadequate reversal of muscle relaxant as well as respiratory depression from 
use of parenteral opioids for postoperative analgesia [ 21 ]. 

 Those patients with preoperative renal insuffi ciency are at risk for development 
of postoperative acute renal failure. Postoperative renal dysfunction has a number of 
etiologies and is usually multifactorial. Most often, postoperative ARF is caused by 
acute tubular necrosis as a result of hypotension, hypovolemia, and or dehydration. 
This decreased volume status leads to hypoxic damage of nephrons in the renal 
medulla causing acute tubular necrosis. In addition to renal insuffi ciency, other risk 
factors for development of acute renal failure include type 1 diabetes mellitus, age 
over 65 years, major vascular surgery, cardiopulmonary bypass (particularly pro-
longed), and recent exposure to nephrotoxins (such as radiocontrast dyes, amino-
glycosides, and NSAIDS) [ 25 ]. 

 The incidence of perioperative acute renal failure varies according to the defi ni-
tion used and surgery undertaken, but no matter the incidence, renal failure postop-
eratively is associated with high mortality rates. Defi ning postoperative acute renal 
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failure varies throughout the literature. Useful criteria include an increase in serum 
creatinine by more than 0.5 mg/dl over baseline or a serum creatinine increase of 
over 50% compared to baseline. Patients with postoperative acute renal failure also 
have an increased incidence of gastrointestinal bleeding, respiratory infections, and 
sepsis [ 1 ]. 

 One of these high-risk surgical groups is cardiopulmonary bypass as mentioned. 
Patients undergoing cardiopulmonary bypass have an incidence of renal dysfunc-
tion ranging from 1% to 30% [ 41 ]. Patients who have undergone cardiac surgery 
and experience postoperative acute renal failure have prolonged intensive care unit 
and hospital stays. The occurrence of renal failure in this group of patients may be 
connected to the ischemic-reperfusion injury, which occurs post-bypass. In addi-
tion, injury to the intrarenal vasculature may also contribute. The second high-risk 
surgical group is large vascular surgery. Cross-clamping of the aorta above the 
renal arteries is associated with a period of reduced renal function. In patients 
undergoing abdominal aortic surgery, infrarenal aortic cross-clamping leads to a 
reduction in renal blood fl ow by up to 40%, as a result of an increase in renal vas-
cular resistance of up to 75%. This reduction in blood fl ow reduces GFR and rate 
of urine formation. Studies again vary with the incidence of how often these physi-
ologic changes translate into postoperative renal dysfunction, but suggest an inci-
dence of 5% [ 42 ]. 

 Strategies to prevent the development of postoperative renal dysfunction include 
the pharmacologic interventions described previously, which have been shown to 
have limited utility. Instead aims to prevent or reduce development of postoperative 
renal dysfunction target hemodynamic concerns. Adequate oxygen delivery should 
be maintained by ensuring adequate cardiac output, oxygen carrying capacity, and 
hemoglobin saturation. Renovascular constriction should be reduced by ensuring 
adequate preload, while use of mannitol or ACE inhibitors remains controversial. 
Pharmacologic renal vasodilation and maintenance of tubular fl ow with diuretics 
remain controversial based on studies thus far [ 26 ].      
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Introduction

Urological conditions, in both male and female patients, are prevalent in the elderly. 
Certain urological problems, particularly neoplasias and incontinence are highly 
age related, so it is not surprising that the anesthesia practitioner caring for urologi-
cal patients will frequently encounter the added challenges associated with aging. In 
this chapter, the physiology of aging is described and anesthetic approaches to the 
elderly patient are suggested. Where appropriate, approaches to urological proce-
dures are included; however, the reader should refer to other chapters in this volume 
for details of specific urological problems.

�Demographics

Life expectancy in the United States reached 78.7 years in 2009.1 This has been 
reflected in anesthesia workloads. All anesthesiologists, with the possible exception 
of pediatric specialists, are managing an increasing number of elderly patients. The 
demographics of the “baby boomer” generation are such that a large increase in the 
population of patients over 65 is now beginning and will be a major factor in all 
North American health care in the next few decades. Recent data indicates that over 
a third of elderly patients in the USA undergo at least one surgery in the year before 
their death [1]. These demographic facts present challenges to the anesthesia care 

1 World Bank, World Development Indicators, Last updated: Jul 28, 2011, http://data.worldbank.
org/data-catalog/world-development-indicators?cid=GPD_WDI, accessed October 2, 2011
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providers. Meeting these challenges will include developing the expertise needed to 
provide the highest quality of care. Most anesthesiologists already manage these 
patients. It is hoped that the information provided in this chapter may help to refine 
and improve the level of care provided.

�Concepts of Aging

For many years, aging was essentially considered a disease entity. As geriatrics 
became a more established specialty within internal medicine, geriatricians have 
distinguished normal aging from age-related disease by studying older patients 
without disease. Normal aging has been defined in large cohort studies and encom-
passes the alterations to various systems that occur in the absence of disease. That 
is, in otherwise healthy patients with no apparent disease, there are definitive altera-
tions in physiologic systems that are independent of disease. These alterations have 
an impact on patient reactions to stressors of all types including surgery, anesthetic 
drugs, and therefore the approach of anesthesiologists in the management of elderly 
patients.

The idea of normal aging was expanded by Kahn and Rowe in their description 
of successful aging [2]. There are a small number of individuals who live into 
advanced years (90s and 100s) retaining true vitality. These individuals are cogni-
tively and physically intact, continue to work, and participate in life activities, 
including sports. The nature of successful aging has been explored in some depth 
and seems to have both genetic and environmental components [3]. Ultimately, 
most individuals aspire to successful aging.

There is, of course, also a substantial amount of age-related disease. Much of this 
disease burden represents standard pathophysiology (heart failure, coronary artery 
disease, lung pathology, etc.) superimposed on aging physiology. Age has a definite 
impact on these entities [4, 5]. There are also a number of syndromes, specifically 
frailty, which have been studied as essentially a malady of aging [6, 7]. Finally, 
there are a number of complications of anesthesia and surgery, particularly neuro-
cognitive complications, which appear to be primarily concentrated in the elderly 
[8]. All of these entities are described as well as the alterations in anesthetic phar-
macology that impact the approach to managing the increasingly large population 
of elderly surgical patients.

Studies in which individuals with specific disease were eliminated from the 
cohorts enabled an understanding of normative aging. This approach has provided a 
clearer description of the physiologic alterations associated only with the aging pro-
cess. A vital concept that has emerged from these studies is that tremendous vari-
ability exists both between individuals and even within an individual. 
Anesthesiologists have long been aware that all 70-year-old patients do not look 
physiologically alike. Some individuals age much more rapidly than others. All of 
the age-related alterations described below represent the mean change of a popula-
tion but might well not describe any individual patient. For example, if, on average, 
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glomerular filtration rate decreases with aging, it should be understood that some 
patients will have decreases significantly greater than the average while others will 
have almost none. Therefore, one should never assume that an individual patient 
will have any of the changes described below, but rather the information should be 
thought of as a guide or lens through which a patient can be examined. A corollary 
of this idea is that alterations within an individual are not consistent, so there may 
be relatively intact renal function in the presence of significant cardiovascular aging.

A conceptual framework proposed by many gerontologists that is useful for 
anesthesiologists and other physicians responsible for the acute care of the elderly 
is the idea of reserve function. It is common for the elderly to have adequate physi-
ologic function for baseline activities, but insufficient reserve capacity to increase 
that capacity when stressed, either by exercise or illness. This idea was graphically 
depicted by Muravchick [9] (Fig.  2.1). If maintenance of functional stability is 
referred to as homeostasis, the decrease in physiologic reserve noted in the elderly 
may be conceptualized as homeostenosis (Fig.  2.2). At some point, homeostasis 
becomes impossible to maintain and failure ensues. Chronological age is, thus, a 
poor predictor of the status of any individual patient. The anesthesia provider should 
note that the American Society of Anesthesiologists physical status does not include 
age as a variable.

Fig. 2.1  A key concept in elderly physiology is the loss of reserve function. Patients are all very 
different, but even those who are athletic and maintained in good physical shape have some decre-
ment in their ability to increase organ function. This applies to all organs. For the anesthesiologist, 
this is most commonly seen in the cardiovascular system, in which the “function” in question is 
cardiac output. So, while most individuals will be able to meet their basal needs, the ability to 
increase function becomes progressively limited
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�Surgical Outcomes for the Elderly

As more elderly patients undergo surgery, concern is raised about the appropriate-
ness of undertaking procedures, particularly near the end of life. Thirty-day mortal-
ity for elderly patients undergoing urological procedures is generally below 2% 
[10]. An important aspect of perioperative outcomes for elderly patients is the main-
tenance of functional status following surgery. In an evaluation of patients undergo-
ing abdominal surgery, Lawrence defined outcomes in terms of activities of daily 
living (ADL) and independent activities of daily living (IADL). The findings indi-
cated that elderly patients, on average, took approximately 3 months to return to 
preoperative ADL status and 6 months to return to preoperative IADL status. While 
this does not argue for avoiding surgery in the elderly, it should be made clear to 
patients when they are making decisions regarding surgical therapy.

Complications are also more common amongst the elderly, with preoperative 
status being a major contributor to postoperative complications [11] (Fig. 2.3). The 
most common complication amongst the elderly is pneumonia [12].

�Physiologic Alterations Seen in Aging

�Cardiovascular

Perhaps the most well-evaluated aspect of normal aging is the aging of the cardio-
vascular system. Conceptually, Lakkata and colleagues have determined that the 
primary alteration of the aging cardiovascular system is a decrease in the elasticity 
of the large vessels, specifically the aorta [4, 5]. The aorta expands slightly with 
every ejection during cardiac systole. The elasticity allows this expansion and 

Fig. 2.2  Homeostenosis – from Taffett. Another means of conceiving of the alteration of reserve 
function is Taffett’s description of homeostenosis. With increasing age, the amount of reserve in 
use for daily functions starts to approach the maximal available reserve, so the ability to deal with 
a challenge to homeostasis becomes progressively diminished
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absorbs some of the kinetic energy of systole. During diastole, the aorta returns to 
its normal size, transferring the kinetic energy back to the column of flowing blood. 
This action has been referred to as the Windkessel function of the aorta by German 
physiologists in the 1800s. Assuming a heart rate of 70 bpm, the aorta expands and 
contracts approximately 36.8 million times per year or 2.58 × 109 times in 70 years. 
Over the course of years, the elastic properties of the aorta deteriorate. This is fre-
quently noted as calcification, enlargement, and uncoiling of the aorta on chest 
radiographs. The transition has two major effects (Fig. 2.4). The first is that the left 
ventricle experiences an increase in afterload as it is ejecting blood into a stiffer 
conduit. In addition, there is a reflected wave that adds to pressure in the aortic root 
[4]. Much as an expanding ring of waves in a still pond is reflected back when the 

Fig. 2.3  Tiret et al. [11]. Major anesthesia complications per 1,000 as a function of age and asso-
ciated disease. In this figure, it becomes clear that the number of disease entities is a major modula-
tor of the incidence of complications associated with increasing age

Fig. 2.4  In this figure, simplified from the work of Lakatta, the primary role of arterial stiffening 
in subsequent alterations in cardiac physiology is outlined
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wave impacts a solid object, arterial flow encounters multiple bifurcations of the 
arterial tree and each creates a reflected wave that is transmitted retrograde to the 
aortic root. In a young and elastic arterial system, this reflected wave arrives during 
diastole, increasing diastolic pressure. In the elderly, the entire arterial tree is more 
rigid, and the reflected wave travels significantly faster, arriving while systole is still 
in progress. This reflected wave adds additional pressure to systole, further increas-
ing the afterload. A significant increase in systolic pressure is easily noted when the 
aorta is catheterized during percutaneous coronary interventions, where systolic 
pressures in excess of 250  mmHg are common. Over time, these deteriorations 
result in concentric hypertrophy of the left ventricle. Even healthy elderly patients 
manifest a degree of left ventricular hypertrophy. Due to the strain of the left ven-
tricle, the ability to increase cardiac output through increase in stroke volume is 
limited, i.e., there is a decrease in the reserve function.

The chronotropic capacity of the heart also decreases. Maximum heart rate 
decreases – so the ability to increase cardiac output through chronotropic means is 
limited. Various formulas have been used to predict maximum heart rate. The long-
standing equation of 220-age has been found to have little basis.2 Perhaps the best 
currently available is

	
HRmax age e g

age
= − ( ) −





205 8 0 685 200
3

. . , . . :
	

which provides a general estimate but, as noted above, does not define any specific 
patient [13]. The cardiac output of a normally aging individual at rest is essentially 
normal and adequate for most activities. The combination of muscular change in the 
ventricle and a limited ability to increase heart rate results in a clinical situation in 
which the left ventricle is very sensitive to end-diastolic volume. Thus, while car-
diac output at rest is normal, the ability to increase cardiac output in response to 
stress is limited. For the patient with no other cardiovascular disease that might alter 
the approach, the anesthesiologist is advised to pay additional attention to volume 
replacement and appreciate that increase in heart rate is both limited as a compensa-
tory mechanism and unlikely to have the same physiologically impact that would be 
seen in a younger patient [14]. Therefore, adjusting fluid administration to give 
adequate but not excess volume may require additional monitoring.

Coronary artery disease is so common in the elderly that many anesthesiologists 
strive to avoid high heart rates in all elderly patients. Many patients are maintained 
on beta blockers; however, adequate blockade for surgery is not assured and should 
not be assumed by the anesthesiologist. In recent years, the identification of dia-
stolic heart failure [15] in elderly patients has supported this idea, providing ade-
quate time during each cardiac cycle for relaxation of the ventricle. This leaves the 
clinical anesthesiologist managing the Starling forces of the left ventricle to 

2 Robergs R, Landwehr R. The Surprising History of the “HRmax = 220-age” Equation. Journal of 
Exercise Physiology: Volume 5 Number 2 May 2002. Available at: http://www.cyclingfusion.com/
pdf/220-Age-Origins-Problems.pdf Accessed October 2, 2011
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maintain adequate cardiac output during a procedure. Adequate but not excessive 
intravenous fluid is typically managed by clinical assessment, including an assess-
ment of pulse pressure variation or the use of a noninvasive monitor of stroke 
volume. However, when maintenance of normal physiology is challenging, early 
resort to investigations such as echocardiography can provide vital information 
regarding the function of the elderly heart such as ventricular filling status and 
contractile function.

�Pulmonary System

Pulmonary function gradually changes in the elderly [16]. Even patients with seri-
ous exercise regimens manifest some decrease in aerobic capacity. Chest wall com-
pliance and static elastic recoil decrease with aging [17]. There is some decrease in 
the strength of respiratory muscles [18]. The response to hypercapnia and hypoxia 
are less robust than in younger patients. The ability to increase respiration signifi-
cantly in response to a challenge is markedly limited; however, resting respiratory 
capacity is generally adequate in most elderly patients. Breathing patterns of elderly 
patients frequently involve smaller tidal volumes and slight increases in respiratory 
rate. Recalling that individual variation is quite high, the anesthesiologist can esti-
mate the PaO2 of an elderly patient with the following equation [19]:

	
PaO mm Hg age BMI PaCO2 2143 6 0 39 0 56 0 57( ) = − ×( ) − ×( ) − ×( ). . . . 	

This equation indicates a significant relationship between PaO2 and alterations of 
the body mass index (BMI) and PaCO2 that occur from approximately 40 years of 
age until the mid-70s. PaO2 remains relatively stable around 83 mmHg after age 75. 
For patients with a normal BMI and PaCO2, this formula can be simplified to

	
PaO

Age
2 100

3
= − 



 	

Closing capacity nears functional residual capacity in the elderly [20]. 
Denitrogenation (preoxygenation) typically takes longer than for a younger patient, 
and desaturation following discontinuation of ventilation happens with some speed. 
Although the elderly have a decreased functional residual capacity, rapid desatura-
tion following apnea is thought to be a result of an increased shunt fraction [21]. 
Thus, it is important to thoroughly denitrogenate an elderly patient before beginning 
laryngoscopy to avoid the rapid development of hypoxia. Achieving this state 
almost always requires more than four vital capacity breaths.

Respiratory complications account for approximately 40% of the perioperative 
deaths in patients over 65 years of age [12]. Elderly patients may manifest a 
decreased ability to clear secretions and therefore have an increased susceptibility 
to aspiration secondary to deterioration of protective coughing and swallowing 
mechanisms [21]. The basis for a decrease in upper-airway reflexes has been postu-
lated to result from an age-related peripheral deafferentation along with a general 
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decrease in central nervous system reflex activity. The clinical conundrum for the 
anesthesiologist is when to extubate a patient emerging from general anesthesia. 
Elderly patients tend to emerge from general anesthesia more slowly and purposeful 
reactions to verbal stimuli may be delayed, bearing in mind that they may also have 
preexisting hearing impairment. The tendency to remove an endotracheal tube 
before full wakefulness has to be tempered by concerns regarding upper-airway 
reflexes. Extubation in a slightly upright rather than supine position may be helpful, 
although no data exists to support such a practice. Oxygen supplementation follow-
ing the end of general anesthesia is a good practice.

�Renal Function

Much like other functions, alteration of renal function is highly variable. On aver-
age, renal function, as measured by glomerular filtration rate (GFR), decreases by 
over 50% by 80 years of age [22]. Creatinine levels are relatively normal; however, 
this is thought to represent a combination of a decreased GFR and a decrease in 
creatinine associated with a decrease in muscle mass. However, if one looks at the 
original data used to create this formula, some patients had significantly larger 
decreases in GFR and some were almost normal. The GFR measures that frequently 
accompany standard laboratory blood tests are calculated, not measured, and there-
fore associated with the same limitations as described for the equations above. An 
accurate assessment of renal function requires an assessment of GFR. For most 
procedures requiring anesthesia, the impact of a decreased GFR is limited. It is 
probably best to consider the possibility of decreased renal function in the elderly, 
but not to assume that is the case. Many intravenous anesthetic agents have some 
dependence on renal clearance such that a significant alteration in GFR may pro-
long the effect of these medications (see section below on anesthetic management). 
When intravenous agents are to be used in long cases, an actual measure of GFR by 
means of a timed urine collection may help in adjusting infusion rates.

�Musculoskeletal Function

Sarcopenia, the loss of muscle mass, occurs in all aging individuals even in the face 
of significant exercise. However, this loss of muscle, while notable, should not rise 
to the level of functional limitation. Significant sarcopenia is one of the hallmarks 
of frailty. This syndrome was extensively defined by Fried to include loss of muscle 
mass, weakness, weight loss, low exercise tolerance and energy, and low activity 
[6]. From a surgical perspective, frailty is thought to define a state of clinical vulner-
ability to stressors [7]. There is a lack of consensus on the actual definition of frailty 
and even some concern that frailty is not a distinct and definable syndrome, as 
opposed to just being a state of advanced aging.

Frailty, as measured in various ways, has been identified as an independent risk 
factor for major morbidity and mortality [7, 23]. The potential value of assessing 
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frailty lies in the opportunity to assess risk and perhaps to adjust or mitigate that risk 
through preoperative interventions, such as preoperative exercises. A recent review 
of frailty in the surgical population explores many of the issues of frailty as a useful 
concept in the perioperative period [24]. Although it is difficult to ascribe a specific 
role to the assessment of frailty at the moment, it is highly likely that some type of 
measure will become a standard part of an assessment of elderly patients.

The elderly can be difficult to position due to limitations of movement in various 
joints or pain syndromes associated with arthritic entities. Joint replacements or 
fixations may also limit movement. The surgical team should attempt to determine 
the limitations of movement, particularly for artificial joints, before a patient is 
anesthetized. Although under anesthesia it may be possible to move a joint in a way 
that would not be possible in the absence of anesthesia, there is a high likelihood 
that such manipulation will result in significant postoperative pain for the patient. 
Therefore, when joint limitations are identified, it is best to position the patient on 
the operating table, if possible, before the initiation of anesthesia.

�Integumentary System

Elderly patients have a high potential for skin breakdown and the development of 
pressure or decubitus ulcers due to a loss of elasticity of tissue, diminution of col-
lagen content of the skin. These complications can even occur following prolonged 
operations. Attention to minimizing pressure points and additional padding may 
help to prevent early tissue breakdown.

�Preoperative Assessment

Preoperative assessment, as for all ages, is focused on risk assessment and risk miti-
gation. The systems approach advocated by Muravchik remains the most salient 
approach to assessment of the geriatric patient [9]. The physiology of aging noted 
above helps guide the clinician in making appropriate determinations. An important 
caveat in assessing the elderly is that their primary interest may lie in maintaining 
independence and function. This is in distinction from younger patients who do not 
usually find surgical intervention threatening to long-term functional status or inde-
pendence. As noted above, an elderly patient may take 3–6 months to regain preop-
erative functional status. Without frightening the patient, these issues should be 
made clear during the preoperative assessment in order to allow for proper planning. 
When assessing an elderly patient for surgery, the clinician should keep in mind that 
hearing and vision loss are common. Presbyacusia, loss of hearing in the elderly, 
occurs primarily in the high range. Slow, deliberate speech with the patient posi-
tioned in front of the speaker can frequently maximize communication. Increasing 
volume may be perceived as distorted speech. For urological procedures, patients 
wearing hearing aids should be allowed to maintain them in the operating room.

2  Anesthesia for Urological Surgery in the Elderly Patient



26

The elderly take large amounts of medications. It is estimated that 94% of women 
over age 65 years take at least 1 medication and 12% take 10 or more medications 
[25]. In preparing a patient for surgery, the recently revised Beers criteria for poten-
tially inappropriate medication use in older adults should be consulted [26]. The 
Beers criteria are a guide for indentifying medications for which the use in the 
elderly may outweigh the benefits. The anesthesiologist may feel that altering medi-
cation regimens is beyond the scope of perioperative practice. The identification of 
such issues may however appropriately generate a request for a preoperative consul-
tation with a geriatrician. With the belief that herbal preparations are not drugs but 
natural and safe, many elderly patients consume a variety of compounds. 
Identification of substances such as garlic, ginseng, ginger, and gingko, all of which 
can interfere with clotting, as well as St John’s wort, MAOIs, and SSRIs is 
important.

Comprehensive geriatric assessment (CGA) refers to an organized evaluation of 
the elderly patient by a geriatrician. The approach typically assessed a variety of 
issues specific to the elderly. CGA programs have routinely been shown to improve 
outcomes for elderly patients; however, a variety of constraints, primarily economic 
in nature, have prevented CGA from becoming a standard of care in the periopera-
tive period [27]. Nonetheless, the anesthesiologist might well consider such a con-
sultation, particularly for the more frail and complicated elderly patient.

In preparing the elderly patient for an anesthetic experience, Barnett has sug-
gested a number of issues that can make the encounter easier and more productive 
for both the patient and staff (Table 2.1).

�Approach to Anesthesia

The choice of anesthetic agents and techniques for elderly patients is based on simi-
lar considerations as for younger patients with the procedure and its requirements 
representing the primary factor. The alterations associated with specific drugs are 
discussed below.

There are essentially no randomized trials of anesthetic regimens for urological 
procedures whose primary population is elderly. Nonetheless, there are a number of 
issues that allow the anesthesiologist to tailor an anesthetic for elderly patients.

Table 2.1  Practical considerations for elderly patients

Allow extra time to explore the preoperative history, including medications and comorbidities
Provide written instructions in large (14-point or greater) type
Provide an extra copy of all instructions to a caretaker if possible
Allow extra time for changing clothes and ambulation before and after the procedure
Be prepared to provide extra assistance in transferring to and from the operating room table

Modified form Barnett, S.R. Sedation and Monitoring in Silverstein JH, Rooke, GA, Reves, JG, 
and McLEsky CH, Geriatric Anesthsiology, 2nd edition, Springer, New York
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Many urological procedures for the elderly can be accomplished with anxiolysis, 
conscious sedation, or deep sedation. These terms, describing levels of sedation as 
a continuum of care as well as the term monitored anesthesia care (MAC), have 
been defined by the American Society of Anesthesiologists.3 Short urethroscopies 
and cystoscopies including bladder tumor resections, most lithotripsies, and green 
light laser prostatectomies can often be accomplished with local anesthesia and 
sedation. The level of sedation has to be commensurate with the level of stimula-
tion. The technology for extracorporeal shock wave lithotripsy has improved sub-
stantially. Immersion is no longer required, and the energy utilized has made 
ambulatory procedures under sedation possible.

Intravenous access for all forms of anesthesia may be challenging for elderly 
patients. Veins lose some of their elastic supporting tissue and become both small 
and tortuous. Smaller gauge catheters may be required. A technique in which the 
tissue surrounding the vessel is stabilized and immobilized prior to cannulation may 
increase success. Warming the area of the patient (e.g., hand or arm) prior to 
attempting intravenous cannulation may prove useful.

Regional anesthesia (subarachnoid or epidural anesthesia) is recommended for 
many urological procedures, and many practitioners (both anesthesiologists and non-
anesthesiologists) recommend regional for the elderly as a means of preventing post-
operative central nervous system complications such as delirium and postoperative 
cognitive dysfunction (see below). Elderly patients are, in general, more sensitive to 
local anesthetic agents, manifesting somewhat higher levels of sensory and motor 
blockade primarily with hyperbaric solutions; however, individual variability makes 
any individual determination difficult. Plasma levels of local anesthetics may be 
higher in the elderly than in younger patients [28], particularly with continuous tech-
niques. Hypotension is more common in the elderly [29]. The approaches to preven-
tion (fluid loading) and treatment (vasopressors) of hypotension are similar, although 
the elderly may be less responsive to ephedrine than either phenylephrine or vaso-
pressin. Placement of epidural and spinal anesthetics can be complicated by anatomi-
cal changes associated with aging in the spine. Positioning may be difficult and a 
paramedian approach may be more effective. Larger spinal needles may be useful in 
traversing calcified tissues. The impact of larger needle sizes on the incidence of 
spinal headache seems to be decreased in the elderly [30]. This is thought to be due 
to a decrease in elasticity of cranial structures; however, there is little in the way of 
evidence to explain the lower incidence. Thermoregulation is diminished in the 
elderly during spinal anesthesia, so the anesthesia team should pay particular atten-
tion to maintenance of normothermia [31]. Regional, particularly subarachnoid, 
anesthesia has been considered the regimen of choice for transurethral prostatectomy 
(TURP) [32]. There has been controversy regarding whether there is diminished 
blood loss during TURP and open prostatectomy with neuraxial anesthesia [33].

3 http://www.asahq.org/For-Members/Standards-Guidelines-and-Statements.asp, CONTINUUM 
OF DEPTH OF SEDATION: DEFINITION OF GENERAL ANESTHESIA AND LEVELS OF 
SEDATION/ANALGESIA, Approved by the ASA House of Delegates on October 13, 1999, and 
amended on October 21, 2009*
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�General Anesthesia

General anesthesia is required for many urological procedures and for some elderly 
patients who cannot otherwise tolerate other forms of anesthesia, e.g., patients with 
severe cognitive issues. The primary concern for general anesthesia is adjustment of 
drug dosages (see below). The elderly are considerably more prone to hypothermia 
during general anesthesia. The threshold for thermoregulatory behavior decreases 
[34], so temperature monitoring (which is a standard for cases in excess of 30 min) 
and active warning should be pursued. In general, the technique of general anesthe-
sia is not altered significantly for the elderly, although many of the issues mentioned 
above in regard to preparation of the patient, intravenous access, and position apply.

�Alterations of Specific Drugs

Alterations in physiology, including volumes of distribution, sensitivity to drugs, 
and various clearance mechanisms affect the action of many anesthetic drugs. 
Table 2.2 summarizes many of these changes. Explicit alterations of specific drugs 
are described below.

Propofol, an alkylphenol that is primarily active through the GABAA receptor 
complex, is the most common sedative used for procedures in the United States 
(USA). Propofol has complex effects on multiple organ systems. In larger doses, 
propofol lowers mean arterial pressure. This effect may be more pronounced in the 
elderly as baroreceptor function may already be decreased and ventricular dysfunc-
tion often accompanies aging [35]. It is also known to decrease intracranial pres-
sure, cerebral blood flow, and cerebral metabolic rate [36]. Respiratory depression 
occurs in a dose-dependent manner with propofol [37]. As noted above, the elderly 
are prone to rapid desaturation following apnea, and therefore increased vigilance is 
justified during procedures under sedation. Both slower infusion rates and limited 
total dosage of propofol can help to alleviate these issues [38]. For infusions, the 
time required for a 50% reduction in effect site concentration becomes significantly 
prolonged after approximately 1 h, with the rate doubling after 4 h and continuing 
to rise thereafter [39, 40]. Finally, impaired preoperative cognitive status can also 
markedly decrease the need for propofol to achieve a specific level of hypnosis [41]. 
The combination of this data suggests that propofol doses be decreased sub-
stantially and infused slowly. The package insert for propofol suggests doses of 
1.0–1.5 ug/kg for induction of anesthesia. Shafer has proposed an age adjusted dos-
ing guidelines based on a compilation of pharmacokinetic and dynamic models 
[39, 42]. For sedation, this author suggests doses as low as 0.4 ug/kg for initiating a 
procedure.

Thiopental has essentially disappeared in the US market at this time and will not 
be discussed.

Midazolam is a highly desirable sedative hypnotic agent with less hemodynamic 
alterations, slightly longer awakening periods, and more consistent amnestic action 
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than propofol [43]. The mechanism of action of midazolam is understood to occur 
through the GABAA receptor. Metabolism of midazolam is primarily hepatic by 
both oxidation and gluconidation. The hydroxyl metabolite is active although less 
so than the parent drug. Drug clearance, which is approximately 50% of hepatic 
blood flow, can be decreased as much as 30% in the elderly [44]. Termination of 
midazolam action is primarily through redistribution; however, the combination of 
hepatic aging, changes in lean body mass, and a slight increase in volume of distri-
bution also influences the pharmacokinetics of midazolam [45]. As with most drugs, 
the elderly require lower doses of midazolam to reach any clinical end point [46]. 
Shafer has recommended a 75% decrease in dose for a 90-year-old versus a 20-year-
old [42]. In general, midazolam is a safe drug whose primary complication is respi-
ratory depression. This effect is synergistically exacerbated by essentially every 
other anesthetic medication including other sedative hypnotic drugs and narcotics.

There is a tendency amongst those that care for the elderly to avoid midazolam. 
This appears to be based on a few cases of paradoxical reaction to midazolam in 
which agitation versus sedation occurred, which has led to a widely held concept 
that midazolam is associated with the development of delirium [47, 48]. Midazolam 
is a safe drug in the elderly assuming the pharmacodynamic and pharmacokinetic 
adjustments are employed in dosing.

Etomidate is a unique drug which has an effect on the reticular activating system 
while enhancing the inhibitory effects of the GABAA receptor. Etomidate also has 
some disinhibitory effects, unlike other sedative hypnotic agents, producing myo-
clonic activity in 30–60% of patients. Effects on the central nervous system are 
similar to propofol; however, there are minimal disturbances of systemic vascular 
resistance and blood pressure, making it a frequently desirable choice for unstable 
patients of all ages. The respiratory depression of etomidate is significantly less, and 
apnea may not occur with a full induction dose of the drug. The use of etomidate for 
sedation is limited by pain on injection, a high incidence of nausea and vomiting 
and myoclonic movements. Induction doses for etomidate are decreased to approxi-
mately 0.2 mg/kg [49].

All inhalational agents have decreased MAC for the elderly, primarily due to an 
increase in sensitivity of the central nervous system. In addition, due to alterations 
in circulation noted above, the induction and emergence from inhalational anesthe-
sia is slower [50]. Specific evaluation of the clinical pharmacology of inhalational 
anesthetics in the elderly is somewhat limited.

Opioid sensitivity in the elderly increases significantly, requiring approximately 
50% of the induction dose and a 30–50% decrease in maintenance dose than would 
be required in younger patients [51]. The pharmacokinetics of most opioids are not 
majorly altered with the exception of remifentanil. An elderly patient (80 years old) 
requires about one half of the bolus dose of a 20-year-old with equal lean body mass 
to achieve the same peak effect on electroencephalographic activity and about one 
third of the infusion rate to maintain that level. Other factors associated with the 
elderly, particularly polypharmacy and impaired hepatic or renal function, may 
increase the risk of opioid toxicity.
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�Complications in Elderly Patients

There have been reports since the 1950s that some elderly patients undergoing 
major surgery under anesthesia suffer from prolonged cognitive problems in the 
perioperative period [52]. Through extensive work beginning in the 1990s, two syn-
dromes have been identified. Postoperative delirium is a behavioral manifestation 
that tends to occur 24–72 h following surgery. It is frequently preceded by an appar-
ently lucid interval. The proposed DSM-V definition for delirium is presented in 
Table 2.3. Delirium in the postoperative period is associated with increased rates of 
postoperative complications, increased lengths of stay, and increased cost. Although 
there has been much effort into demonstrating that choice of anesthetic, particularly 
regional over a general anesthetic is associated with a decreased incidence of delir-
ium, multiple randomized studies and a subsequent meta-analysis have failed to 
support this theory [53]. One of the reasons it may be difficult to demonstrate a 
distinction between regional and general anesthesia is that regional anesthesia is 
essentially always associated with the administration of substantial sedation. 
Recently, Sieber et al. demonstrated that specifically limiting the sedation in patients 
undergoing spinal anesthesia for hip fracture using a processed EEG monitor sub-
stantially decreased the incidence of delirium [54]. A program of comprehensive 
geriatric assessment has also been shown to decrease the incidence of delirium. A 
number of recent trials using antipsychotic medications (haloperidol, Risperdal) 
have had some effect in reducing the incidence of delirium following cardiac sur-
gery, but the utility for urologic surgery is uncertain at this time and the side effect 
profile may be a limiting factor. Ongoing nursing-based interventions have also 
proven effective in this area.

The second but different syndrome, referred to as postoperative cognitive dys-
function (POCD), describes deterioration of cognitive function (memory and execu-
tive function) that requires testing before and after surgery. The major studies defining 

Table 2.3  DSM-V proposal for delirium (Note: this proposal has not been approved to date; 
however, it is not dissimilar from the current version in the DSM-IV-TR and will probably be 
adopted by the time this book is in print. There is also a proposal to add motoric subtypes, i.e., 
hyperactive and hypoactive to the description)

A. � Disturbance in attention (i.e., reduced ability to direct, focus, sustain, and shift attention) 
and orientation to the environment

B. � The disturbance develops over a short period of time (usually hours to a few days) and 
represents an acute change from baseline that is not solely attributable to another 
neurocognitive disorder and tends to fluctuate in severity during the course of a day

C. � A change in an additional cognitive domain, such as memory deficit, disorientation, 
language disturbance, or perceptual disturbance, that is not better accounted for by a 
preexisting, established, or evolving other neurocognitive disorder

D. � The disturbances in Criteria A and C must not be occurring in the context of a severely 
reduced level of arousal such as coma

From http://www.dsm5.org/ProposedRevision/Pages/proposedrevision.aspx?rid=32, accessed on 
June 25, 2012
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this entity following noncardiac surgery indicate an incidence of deterioration of 
approximately 10% at 3 months following surgery. There are significant controver-
sies regarding the measurement of POCD [55] and the relationship, if any, to dement-
ing illness. While laboratory work has suggested that many anesthetic agents affect 
the biochemistry underlying Alzheimer’s disease, the relevance of this body of work 
to clinical phenomenon has not been established.

�Conclusions

Elderly patients represent a large and increasing aspect of the urological anesthesi-
ologists’ workload. The current information available regarding the physiology of 
aging, the pharmacology of anesthetic agents, and some of the complications that 
are unique to the elderly can assist the anesthesiologists in the planning and conduct 
of anesthetics for this population.
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�Introduction

Urological endoscopic procedures are performed on a wide variety of patients 
ranging from the young, physically fit to the elderly with multiple comorbidities. 
While these procedures generally do not require any particular anesthetic technique, 
depending upon the procedure, the medical condition of the patient, and patient’s 
and/or surgeon’s preference, one technique may be more appropriate. Many of these 
procedures are ambulatory, performed in cystoscopy suites with a rapid turnover of 
patients, and the anesthetic choice must also consider these concerns. This chapter 
focuses on the anesthetic concerns of urological endoscopic procedures ranging 
from the relatively minimally invasive cystoscopy to transurethral resections, along 
with the newer surgical techniques for treating benign prostatic hyperplasia, and 
ureteroscopic procedures.

�Endoscopic Procedures of the Lower Urinary Tract

From the late nineteenth century, local anesthetics have been used for intraurethral 
procedures. Initially, solutions of cocaine ranging from 2% to 10% were adminis-
tered intraurethrally before urethral instrumentation. As concerns over the safety of 
cocaine appeared in the mid-twentieth century, new local anesthetics were intro-
duced. A 2% topical solution of lidocaine soon became the intraurethral anesthetic of 
choice among urologists. By the 1990s, 2% lidocaine was combined with a lubricat-
ing gel and used in various urological procedures, including flexible and rigid cystos-
copies, transurethral prostatic procedures, and urethral catheterization [1]. While 
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local topical gel is still used for minor procedures, regional or general anesthesia is 
preferred, secondary to the painful stimuli, in procedures requiring distension of the 
bladder to resect tissue [2].

�Flexible and Rigid Cystoscopy

Diagnostic examination of the lower urinary tract is often performed in the urologist’s 
office using a flexible cystoscope. Since it does not require full bladder distension, a 
topical local anesthetic gel placed into the urethra is usually all that is necessary for 
this relatively painless procedure. For those patients who cannot tolerate this instru-
mentation, monitored anesthesia care with sedation in a hospital- or office-based 
setting is usually adequate [2, 3].

Rigid cystoscopy is used for many lower urinary tract procedures including diag-
nostic examination of the bladder, dilation of urethral strictures, internal urethrotomy, 
bladder biopsy, and transurethral resection of bladder tumors (TURBT) and trans-
urethral resection of the prostate (TURP). For minor procedures, sedation in a moni-
tored setting is usually sufficient, but for those procedures, e.g., TURBT and TURP, 
that necessitate full distension of the bladder with irrigating solution to allow 
resected tissue and blood to be removed and provide an adequate view of the surgical 
field, a general or regional anesthetic technique is commonly used [2].

�Transurethral Resection of Bladder Tumors

Bladder cancer is the ninth most common cancer diagnosis worldwide and the 
second most common urologic malignancy [4, 5]. Generally, the same endoscopic 
procedure of transurethral resection of bladder tumor (TURBT) is both diagnostic 
and therapeutic. Common complications associated with this procedure include 
intraoperative and postoperative bleeding/hemorrhage and bladder perforation with 
reported incidences of less than 5% [5]. This procedure can be performed, depend-
ing upon the size of the tumors, with topical, general, or regional anesthesia. If a 
regional anesthetic is chosen, then a T10 sensory level should be obtained to block 
the pain of bladder distension.

Inadvertent bladder perforation has a reported incidence of 0.9–5% and presents 
with the signs and symptoms of inability to distend the bladder, low return of irriga-
tion solution, abdominal distension, and tachycardia [5]. Herkommer et al. in a large 
retrospective study of 1,264 patients found that aside from tumor characteristics, 
female gender and low body mass were risk factors for bladder perforation during 
TURBT [5]. Bladder perforation with intraperitoneal fluid extravasation may also 
cause the rare “TURBT syndrome,” which like TURP syndrome is associated with 
hyponatremia, but unlike TURP syndrome causes an intravascular fluid deficit, 
which may lead to renal impairment [6]. The suggested mechanism of this intravas-
cular hypovolemia is that sodium tends to equilibrate with the intraperitoneal 
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extravasate which leads to a net water flux along an osmotic gradient out of the 
intravascular space [6]. Treatment consists of surgical drainage of pooled intraperi-
toneal fluid – indicated for large amounts of fluid, maintenance of adequate intra-
vascular volume, and medical treatment of symptomatic hyponatremia with normal 
saline or a slow infusion of hypertonic saline with diuretics (as discussed below in 
Management of TURP syndrome) [6].

Perforation may also occur if the bladder tumor lies near the obturator nerve. The 
course of the obturator nerve through the pelvis places the nerve in close proximity 
to the lateral bladder wall, bladder neck, and prostatic urethra. Stimulation of the 
obturator nerve by electrocautery may cause the thigh muscles to contract forcefully 
around the surgeon resulting in bladder perforation. Because of this, general anes-
thesia with muscle relaxation would be the preferred technique when tumors are 
known to be near the lateral bladder wall [7, 8].

�Transurethral Resection of the Prostate

Transurethral resection of the prostate (TURP) has been considered the gold stan-
dard for the surgical treatment of benign prostatic hyperplasia (BPH). Over the last 
several decades, the number of TURPs performed annually in the United States has 
steadily declined from 400,000 in the 1980s to less than 90,000 today, because of 
advances in medical management, the introduction of newer surgical treatment 
modalities, and the development of patient-care guidelines [9–12].

BPH is the most common benign tumor of the prostate, causing progressive 
lower urinary tract symptoms in more than 50% of the aging male population [12, 
13]. Patients presenting for TURP are often elderly and tend to have coexisting 
medical problems of which pulmonary (14.5%), gastrointestinal (13.2%), myocar-
dial infarction (12.5%), dysrhythmia (12.4%), and renal insufficiency (4.5%) are the 
most common [14]. With a reported 30-day mortality rate of between 0.2% and 
0.8%, the common causes of death from TURP include pulmonary edema, renal 
failure, and myocardial infarction [14, 15]. Increased postoperative morbidity was 
seen in patients with gland size greater than 45 g, acute urinary retention, resection 
times exceeding 90 min, and age older than 80 years [14]. Therefore, a thorough 
preoperative assessment should be performed to evaluate the status of any coexist-
ing disease.

While there are numerous possible complications of TURP (Table 3.1), the most 
concerning is TURP syndrome. This syndrome, though rare and potentially fatal, 
has a multifactorial pathophysiological presentation. It is essentially an iatrogenic 
form of water intoxication caused by a combination of excessive absorption of irri-
gating fluid and the resulting hyponatremia [16]. Historically, the reported inci-
dence of mild to moderate TURP syndrome was between 0.5% and 8% [17–19], but 
recent larger studies have shown a decreased incidence rate of between 0.78% and 
1.4% [20, 21]. However, the mortality rate for severe TURP syndrome (serum 
sodium concentration less than 120 mEq/L) has been reported as high as 25% [22].
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�The Surgical Procedure

The TURP procedure is performed through a resectoscope resting in the patient’s 
urethra by using an electrically powered cutting-coagulating metal loop to resect 
prostatic tissue in an orderly fashion. Care must be taken during prostatic tissue 
resection not to violate the prostatic capsule. If the capsule is perforated, large 
amounts of irrigation fluid may be absorbed into circulation and the periprostatic 
and retroperitoneal spaces [23, 24]. Capsular perforation occurs in approximately 
2% of patients and might lead to symptoms in awake patients of restlessness, nau-
sea, vomiting, and abdominal pain [9]. In cases where perforation is suspected, the 
procedure should be terminated as quickly as is safely possible along with the 
obtainment of hemostasis [9].

Bleeding is a common occurrence during TURP, but is usually easily controlled. 
Arterial bleeding is controlled by electrocoagulation; however, when large venous 
sinuses are opened, hemostasis might become difficult. If venous bleeding becomes 
uncontrollable, then the procedure should be quickly terminated, a Foley catheter 
should be inserted, and traction applied [23, 24]. Estimates of blood loss during 
TURP are usually inaccurate because of the mixing of shed blood with large 
amounts of irrigating fluid. Blood loss during TURP has been estimated to range 
from 2 to 4 mL/min of resection time or 20–50 mL/g of resected prostatic tissue 
[25]. Excessive bleeding necessitating intraoperative transfusion occurs in 2.5% of 
patients undergoing TURP [14].

�Irrigation Solutions

The ideal irrigating solution for use during TURP should be isotonic, nonhemolytic, 
electrically inert, transparent, nonmetabolized, nontoxic, rapidly excreted, easily 
sterilized, and inexpensive [26, 27]. Such a solution does not exist and of the cur-
rently available solutions each has its own potential complications. Initially, the 
solution of choice was distilled water because it was nonconductive and transparent. 
However, when absorbed into the circulation, it caused massive hemolysis, hypona-
tremia, rare renal failure, and central nervous system (CNS) symptoms [23, 28].

Table 3.1  Complications of TURP

Absorption of irrigating fluid
Circulatory overload and hypoosmolality
Hyponatremia
Glycine and ammonia toxicity
Bladder perforation
Transient bacteremia and septicemia
Hypothermia
Bleeding and coagulopathy
TURP syndrome

D.M. Gainsburg



39

While solutions of normal saline or Ringer’s lactate are isosmotic and would be 
tolerated if absorbed into the circulation, they are highly ionized and would cause 
dispersion of the high-frequency current from the resecting loop. These issues even-
tually led to the introduction of nonconductive and nonhemolytic solutions, such as 
glycine, Cytal® (a combination of 2–7% sorbitol and 0.54% mannitol), sorbitol, 
mannitol, glucose, and urea (Table 3.2) [23, 24]. All these solutions allow for elec-
trocautery resection and in order to maintain transparency are prepared moderately 
hypotonic [10, 24].

Though these irrigation solutions cause no significant hemolysis, excessive 
absorption can be associated with several perioperative complications, including cir-
culatory overload, hyponatremia, and hypoosmolality. Solutes in the solutions may 
also cause adverse effects: glycine – cardiac, neurologic, and retinal effects [24, 28, 
29]; mannitol – rapidly expands intravascular volume leading to possible develop-
ment of pulmonary edema in cardiac compromised patients [23]; sorbitol – metabo-
lized to fructose and lactate may cause hyperglycemia and/or lactic acidosis [30]; and 
glucose – severe hyperglycemia in the diabetic patient [31]. Of these solutions, 
glycine and Cytal® are the most commonly used irrigating solutions worldwide [16].

�TURP Syndrome

�Signs and Symptoms of TURP Syndrome

The clinical presentation of TURP syndrome is multifactorial, initiated by excessive 
absorption of irrigating solution that affects CNS, cardiovascular, respiratory, and 
metabolic homeostasis. Clinical manifestations will vary depending upon severity and 
are influenced not only by the type of irrigation solution used but also by patient and 
surgical factors. Signs and symptoms (Table 3.3) may be vague, variable, and nonspe-
cific, therefore compounding the diagnosis. TURP syndrome has been observed as 
early as 15 min after the start of surgery [32] up to 24 h postoperatively [33].

Early signs of TURP syndrome include fleeting prickling and burning sensations 
in the face and neck along with lethargy and apprehension [16]. Other early CNS 
effects include complaints of headache and restlessness together with a general 
sense of being unwell. Later symptoms include visual disturbances, confusion, 

Table 3.2  Osmolality of commonly used irrigation solutions

Solution Concentration (%) Osmolality (mOsm/kg)
Glycine 1.5 220
Cytal 178
Mannitol 5 275
Sorbitol 3.5 165
Glucose 2.5 139
Distilled water     0
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seizures, and eventually coma [16]. These CNS disturbances have been attributed to 
hyponatremia, which occurs with the absorption of any type of irrigating solution, 
and hyperglycinemia and/or hyperammonemia if glycine is used [26]. It is thought 
that these CNS effects are caused not by water intoxication leading to hyponatre-
mia, in itself, but by the acute decrease in serum osmolality that results in the devel-
opment of cerebral edema [34, 35].

Cardiovascular and respiratory effects will eventually occur from volume over-
load and hyponatremia. Initially, acute hypervolemia will cause hypertension and 
bradycardia with possible progression to congestive heart failure, pulmonary edema, 
and cardiac arrest [36].

�Absorption of Irrigating Solution

In almost every TURP, small amounts of irrigating solution will be absorbed through 
opened prostatic venous sinuses [29]. It is the excessive absorption of fluid that is 
the primary cause of TURP syndrome. Several factors may determine the amount 
and rate of fluid absorption: (1) the height of the irrigating fluid above the patient 
which affects hydrostatic pressure, (2) the amount of distension of the bladder by 
the surgeon, (3) the extent of opened venous sinuses, and (4) the length of time of 
resection [37]. While as much as 8 L may be absorbed during the procedure, the 
average rate of fluid absorption is 10–30 mL/min of resection time [23]. By compar-
ing serum sodium (Na+) levels before and after the procedure, an estimation of fluid 
absorbed can be made by using the following equation:
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where extracellular fluid (ECF) volume comprises 20–30% of body weight [24, 38].
Other methods though not commonly used to estimate fluid absorption include 

(1) ethanol monitoring method in which 2% ethanol is added to the irrigating solu-
tion and its level is measured in exhaled breath, which correlates with the amount of 
irrigating solution absorbed [39, 40]; (2) central venous pressure (CVP) method, 

Table 3.3  Signs and symptoms of transurethral resection of the prostate syndrome

Cardiovascular  
and respiratory

Central nervous  
system Metabolic Other

Hypertension Restlessness Hyponatremia Hypoosmolality
Dysrhythmias Agitation Hyperglycemia Hemolysis
Pulmonary edema Confusion Hyperammonemia Acute renal failure
Congestive heart failure Nausea and vomiting
Hypotension Seizures
Respiratory arrest Coma
Cardiac arrest Blindness
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which as irrigating solution is absorbed into the circulation, CVP will rise; however, 
CVP is affected by other variables in the procedure such as blood loss and intrave-
nous fluid administration [19]; (3) gravimetry method which requires that the pro-
cedure be performed on a bed scale and relies on the assumption that any fluid 
absorption, taking blood loss and intravenous fluids into consideration, will be 
reflected with an increase in body weight [41]; and (4) transesophageal Doppler 
method to allow early detection of hypervolemia and associated hemodynamic 
changes [42].

�Circulatory Overload, Hyponatremia, and Hypoosmolality

Rapid volume expansion occurs with excessive irrigation fluid absorption, which 
leads to circulatory overload. At first, hypertension and bradycardia will be observed 
and in patients with compromised cardiac function might progress to pulmonary 
edema and eventually cardiac arrest [36].

A prolonged period of hypotension may follow the initial hypertensive stage. 
Suggested mechanisms are that hyponatremia combined with hypertension causes a 
net water flux along osmotic and hydrostatic pressure gradients out of the intravas-
cular space and into the pulmonary interstitium, causing pulmonary edema and 
hypovolemic shock [43–45]. Hypotension may also be caused by the release of 
endotoxins into the circulation along with the associated metabolic acidosis [19, 46].

The signs and symptoms of hyponatremia (Table 3.4) correlate with the severity 
and rate by which serum sodium concentration falls. Acute changes in serum sodium 
levels are more injurious than chronic hyponatremia [47]. Also, it is often difficult 
to separate symptoms of cardiovascular compromise secondary to hyponatremia 
from those caused by circulatory overload. Acute decreases in serum sodium levels 
to less than 120  mEq/L are associated with CNS symptoms and cardiovascular 

Table 3.4  Signs and symptoms of acute hyponatremia

Serum Na+ 
(mEq/L)

Central nervous  
system changes Cardiovascular effects Electrocardiogram changes

<120 Restlessness Hypotension
Confusion Pulmonary edema

Congestive heart failure
<115 Somnolence Widened QRS complex

Nausea Ventricular ectopy
ST segment increase

<110 Seizures
Coma

<100 Respiratory arrest
Cardiac arrest

Adapted from Gainsburg DM: Transurethral prostatectomy syndrome and other complications of 
urological procedures In: Silverstein JH, Rooke GA, Reves, JG, McLeskey CH (eds.): Geriatric 
Anesthesiology. 2nd Edn. Springer, New York, 2008. Pp. 368–377, with permission
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effects [24, 30]. Initially, restlessness and confusion may appear, and with continued 
decreases in serum sodium levels, symptoms progress to loss of consciousness and 
seizures [48]. Further rapid decreases in serum sodium levels will lead to hypoten-
sion, pulmonary edema, congestive heart failure, and electrocardiogram changes 
(Table 3.4). Eventually at levels near 100 mEq/L, respiratory and cardiac arrest may 
occur [48].

The CNS signs of TURP syndrome are thought to be caused by acute serum 
hypoosmolality, with a shift of intravascular fluid into the brain, and consequent 
cerebral edema. With the advent of modern solute-based nearly isosmotic irrigating 
solutions, the incidence of severe CNS disturbances has been reduced; however, 
CNS symptoms can still occur secondary to severe hyponatremia [34, 35].

�Management of TURP Syndrome

A high index of suspicion for the development of the signs and symptoms of TURP 
syndrome must be present among the operative team. Based on the patient’s symp-
tomatology, supplemental oxygenation, ventilation, and cardiovascular support 
should be initially provided; while at the same time, other treatable conditions such 
as diabetic coma, hypercarbia, or drug interactions should be considered [26]. The 
procedure should be terminated as rapidly as possible. Blood samples should be 
sent for analysis of electrolytes, creatinine, glucose, and arterial blood gases. A 
12-lead electrocardiogram should be obtained [24, 30].

Treatment of hyponatremia and fluid overload is guided by the severity of the 
patient’s symptoms. If the serum sodium level is greater than 120 mEq/L and the 
symptoms are mild, then fluid restriction along with the administration of a loop 
diuretic, usually furosemide will usually return the serum sodium to normal levels. 
The recommended treatment for severe cases of TURP syndrome, serum sodium 
less than 120 mEq/L, is the intravenous administration of hypertonic saline. The 3% 
sodium chloride solution should be infused at a rate no greater than 100 mL/h, and 
the patient’s hyponatremia should be corrected at a rate no greater than 0.5 mEq/L/h 
[24, 49]. Cerebral edema and central pontine myelinolysis have been associated 
with rapid correction of hyponatremia with hypotonic saline [35, 50].

�Other Complications of TURP

�Glycine and Ammonia Toxicity

Glycine is a nonessential amino acid that is metabolized in the liver into ammonia 
and glyoxylic acid [28]. Glycine has subacute effects on the myocardium with the 
appearance of T-wave depression or inversions on electrocardiograms, and CK-MB 
isoenzymes may be elevated in some patients (without meeting the criteria for myo-
cardial infarction) for up to 24 h after surgery [51]. Glycine has also been implicated 
as the cause of transient blindness in TURP patients. Centrally acting mechanisms, 
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such as cerebral edema, may cause visual impairment, but these patients have normal 
pupillary light reflexes. In TURP patients with transient blindness the pupils are 
sluggish or nonreactive, suggesting a retinal effect. Glycine is an inhibitory neu-
rotransmitter in the retina; and after absorption of a few hundred mL of 1.5% 
glycine irrigation, Hahn et al. demonstrated prolongation of visual-evoked poten-
tials and deterioration of vision [52].

Early signs of ammonia toxicity, nausea and vomiting, usually occur within 1 h 
after surgery. Serum concentrations of ammonia greater than 100 μmol/L are asso-
ciated with CNS signs and symptoms [29]. As ammonia levels increase, the patient 
may lapse into a coma lasting from 10 to 12 h and awaken when levels decrease 
below 150 μmol/L [24].

�Bladder Perforation

Inadvertent perforation of the bladder during TURP occurs with an incidence of 
approximately 1% with most perforations occurring retroperitoneally (see also sec-
tion on TURBT). The usual cause is surgical instrumentation or overdistension of 
the bladder with irrigating fluid. A decrease in the return of irrigating fluid is an 
early, but often overlooked, sign of perforation. As a significant volume of fluid 
accumulates in the abdomen causing abdominal distension, patients with a regional 
anesthetic may start to complain of abdominal pain and/or experience nausea and 
vomiting. If the perforation occurs intraperitoneally, symptoms are similar, develop 
sooner, and patient might complain of severe shoulder pain secondary to diaphrag-
matic irritation [24]. Intraperitoneal perforations require either open surgical repair 
or percutaneous drainage of the abdomen [5].

�Transient Bacteremia and Septicemia

Since the prostate harbors a variety of bacteria, which can be a source of periopera-
tive bacteremia via open prostatic venous sinuses, the prophylactic administration 
of antibiotics is recommended in TURP patients. The bacteremia is usually tran-
sient and easily treated with common antibiotic combinations. However, 6–7% of 
these patients will develop septicemia [14].

�Hypothermia

Shivering and hypothermia may occur in TURP patients if room temperature 
irrigating solutions are used. This may be especially pronounced in elderly 
patients who have a reduced thermoregulatory capacity [30]. Using warmed irri-
gating solutions will decrease heat loss and shivering, and the concern that these 
solutions may cause increased bleeding secondary to vasodilation has not been 
shown to be of clinical importance [53, 54].
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�Coagulopathy

Abnormal bleeding after TURP occurs in less than 1% of cases [25]. Possible causes 
include dilution of platelets (dilutional thrombocytopenia) and coagulation factors 
by absorption of large amounts of irrigating solution and systemic coagulopathy. In 
TURP patients, systemic coagulopathy is probably caused by either primary fibri-
nolysis or disseminated intravascular coagulopathy. In primary fibrinolysis, a plas-
minogen activator released from the prostate converts plasminogen into plasmin, 
which then increases bleeding via fibrinolysis. Primary fibrinolysis may be treated 
with epsilon aminocaproic acid intravenously with a dose of 4–5 g during the first 
hour, followed by an infusion of 1 g/h [25]. Some clinicians believe that systemic 
absorption of prostatic tissue, which is rich in thromboplastin, will trigger the onset 
of disseminated intravascular coagulopathy depleting coagulation factors and plate-
lets [25, 55]. Treatment is supportive with administration of fluid and blood prod-
ucts as needed [30].

�Anesthetic Considerations for TURP

Spinal anesthesia has been long considered the anesthetic technique of choice for 
TURP [14]. Though cardiac morbidity and mortality after TURP were similar for 
general or regional anesthesia [56], spinal anesthesia allows the patient to remain 
awake and enables the anesthesiologist to detect the early signs and symptoms, e.g., 
mental status changes, of TURP syndrome or the extravasation of irrigating fluid. 
Restlessness and confusion are early signs of hyponatremia and/or serum hypoos-
molality and may not be signs of inadequate anesthesia. The administration of seda-
tives or the induction of general anesthesia in the presence of TURP syndrome 
might mask severe complications and even lead to death [57]. Perforation of the 
prostatic capsule or bladder will lead to extravasation of irrigating fluid and might 
cause the awake patient to complain of abdominal pain and/or experience nausea 
and vomiting [24].

Whether regional or general anesthetic techniques influence blood loss during 
TURP is controversial. Several studies have reported decreased bleeding under 
regional anesthesia [58–60], while others found no significant difference [61–64]. 
In those studies that observed decreased bleeding with regional anesthesia, the 
authors theorized that regional anesthesia reduces blood loss not only by decreasing 
systemic blood loss, but also by decreasing central and peripheral venous pressures 
[23, 58–60]. However, by reducing CVP, spinal anesthesia may potentially allow for 
greater absorption of irrigating fluid than occurs with general anesthesia [65].

Another concern, especially since many of these patients are elderly, in the 
choice of regional versus general anesthesia for TURP is the incidence of postop-
erative cognitive dysfunction. In one small prospective study comparing spinal 
anesthesia with intravenous sedation to general anesthesia in elderly TURP patients, 
a significant decrease in cognitive function was noted in both groups after 6 h, but 
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there was no difference in the perioperative mental function between the groups at 
6 h or even after 30 days [66].

If a regional technique is chosen, a T10 sensory level is required to block the pain 
of bladder distension. Higher sensory levels may prevent the patient from feeling 
abdominal pain caused by perforation of the prostatic capsule [23]. Additionally, in 
order to block the sacral nerves, which provide sensory innervation to the prostate, 
bladder neck, and penis, spinal anesthesia is preferred over epidural anesthesia [30]. 
However, if a regional technique cannot be performed secondary to technical diffi-
culty, concerns of whether an epidural will provide adequate sacral coverage, and/
or patient refusal, then general anesthesia will be required. It is this author’s practice 
to then carefully monitor Na+ serum levels and irrigating solution deficits during a 
general anesthetic.

�Laser Resection and Plasma Vaporization of the Prostate

The urological community, in an effort to reduce perioperative morbidity, has intro-
duced various surgical alternatives to the classic electrocautery TURP. These recent 
surgical modalities are transurethral laser resection/vaporization and plasma vapor-
ization of the prostate, which reduce intra- and postoperative bleeding, minimize the 
absorption of irrigation fluid, and decrease hospital length of stay [16, 67, 68]. A 
major advantage of these newer technologies is the use of physiologic saline instead 
of glycine as an irrigating fluid which eliminates the potential for the development 
of TURP syndrome [67]. As stated earlier many patients presenting for surgical 
treatment of BPH are elderly and often have concomitant comorbidities that result 
in increased risk of cardiovascular or pulmonary complications [68]. Patients may 
also be taking anticoagulation medications or have coagulation disorders that pre-
clude the use of spinal anesthesia or undergoing the traditional TURP procedure 
[68, 69]. While spinal anesthesia is the preferred technique for electrocautery TURP, 
because it enables one to monitor a patient’s mental status, these newer surgical 
modalities allow the anesthesiologist to tailor the anesthetic management based 
upon the patient’s medical status and preference.

Holmium:yttrium-aluminum-garnet laser resection of the prostate for BPH was 
first described in 1995. The holmium laser is a solid-state, high-powered, pulsed 
laser with a wavelength of 2,140 nm and precise cutting abilities. Prostatic tissue is 
heated above 100 °C and the resulting heat dissipation coagulates the blood vessels. 
With the advent of the intravesical soft-tissue morcellator, the technique has evolved 
into the holmium laser enucleation of the prostate (HoLEP) [70]. This laser tech-
nique allows the retrograde resection of the prostatic lobes from the capsule, which 
are then removed from the bladder with the morcellator. It can also be safely used 
on larger prostates, greater than 70–100 g, with similar outcomes when compared to 
open prostatectomy [70]. HoLEP is associated with lower transfusion rates, cathe-
terization time, and shorter hospital stays in comparison to the traditional TURP 
[71–74]. The key advantages of this procedure from the anesthesiologist’s point of 
view are decreased amounts of irrigation fluid, decreased bladder pressures, and less 
absorption of irrigating fluid secondary to improved hemostasis [75].
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The newest advancement in laser treatment for BPH is the photoselective vapor-
ization of prostate (PVP) technique that uses a potassium-titanyl-phosphate (KTP) 
laser. The 80-W KTP laser is a solid-state, high-powered neodymium:yttrium-
aluminum-garnet laser that passes through a KTP crystal, which halves the wave-
length to 532  nm and doubles the frequency and produces a visibly green laser 
(hence, the trademark name “GreenLightTM”) [68]. Currently, a higher powered 
(120-W), diode- pumped system has been introduced that allows for faster vaporiza-
tion of prostatic tissue [76]. The 532 nm wavelength is highly absorbed by oxyhe-
moglobin and blood-rich tissue, poorly absorbed by water, and vaporizes prostatic 
tissue with minimal dissipation of energy to surrounding tissues. This yields an 
almost bloodless procedure with decreased scarring and postoperative contracture 
of the urethra [68, 72]. This patient population often has comorbidities of chronic 
atrial fibrillation, mechanical heart valves, cardiac artery stents, and recurrent deep 
vein thrombosis that require anticoagulation therapy. The discontinuance of this 
therapy without appropriate management presents a significant risk to the patient 
[77, 78]. Several studies have evaluated the safety of the KTP laser in patients that 
did not discontinue their use of oral anticoagulants (warfarin, clopidogrel, and aspi-
rin) for the procedure. There were no thromboembolic or bleeding complications, 
and none of the patients required blood transfusions [69, 79–81]. This key advan-
tage of PVP, along with less absorption of irrigating fluid and shorter hospital stays, 
allows the anesthesiologist to choose an anesthetic technique, including intravenous 
sedation [82], based on the patient’s medical condition and preference.

A new non-laser development in the surgical treatment of BPH is the plasma 
vaporization of prostate technique, which uses the Olympus UES-40 SurgMaster® 
generator (Olympus, Hamburg, Germany) to produce a plasma corona on the sur-
face of the spherical or “mushroom- or button”-shaped vapo-resection electrode 
[83]. This electrode generates a thin layer of highly ionized particles, glides over the 
prostatic tissue without making direct tissue contact, and produces minimal heat. 
The plasma field vaporizes a limited layer of prostate cells without damaging the 
underlying tissue. Because this technique vaporizes and coagulates concomitantly, 
bleeding is significantly reduced. Recently there has been introduction of a plasma 
vaporization resection loop allowing the urologist to reduce the time of the proce-
dure [84–86]. While the safety of the PVP laser technique in patients taking oral 
anticoagulants, as previously discussed, has been established, the plasma vaporiza-
tion of prostate technique requires further investigation in these patients.

�Endoscopic Procedures of the Upper Urinary  
Tract: Ureteroscopy

Ureteroscopy is a technique used to evaluate various conditions of the upper urinary 
tract and kidney including diagnostic biopsies, removal of renal and urethral calculi, 
treatment of strictures, and surveillance of upper tract transitional cell carcinoma [2]. 
Patients presenting for ureteroscopic procedures may have renal impairment, 
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secondary to obstruction, or have a renal tract infection; therefore electrolytes and 
urea should be evaluated, and in the case of infection appropriate antibiotics given [2].

Discomfort in men during rigid ureteroscopy is related to the passage through the 
urethra and bladder neck of the instruments, along with the degree of torque dictated 
by the length of the suspensory ligament of the penis and the position of the bladder 
neck [87]. The ability of women to better tolerate ureteroscopic procedures with local 
anesthesia or intravenous sedation than men seems to be not related to less complex 
anatomy but gender-specific stoicism [88]. In either gender, care must be taken to 
avoid overdistending the collecting system, which would cause flank pain [89].

With the introduction of smaller, semirigid, and flexible ureteroscopes along with 
improved optics, and the concern of fiscal restraint in many countries, there is a 
movement towards performing this procedure under local anesthesia [89]. 
Historically, ureteroscopy was preformed with larger instruments requiring ureteral 
orifice dilation necessitating the patient to have a general or regional anesthetic tech-
nique. The presumed advantage of these techniques was that they would prevent 
patient movement during the procedure, therefore decreasing the risk of ureteral 
trauma. Additionally, general anesthesia can control the depth of breathing and pre-
vent the patient from coughing. However, no study has demonstrated any difference 
in the incidence of ureteral trauma with or without the use of general anesthesia [89].

Regional anesthesia for ureteroscopic procedures must achieve a T8 sensory level 
so that the pain fibers from the kidneys can be blocked. Spinal anesthesia is often 
preferred in pregnant patients because it minimizes the transfer of medication to the 
fetus. Also an anesthesiologist may choose a regional over a general technique sec-
ondary to a patient’s respiratory or cardiovascular condition. Concerns of using a 
regional technique are the increased times it may take to induce a regional block and 
the prolonged time to block recovery in postoperative anesthesia care unit [89].

Several ureteroscopic procedures lend themselves to be performed in an office 
setting with local anesthesia without intravenous sedation. Patients undergoing sur-
veillance for previous upper track transitional cell carcinomas, treatment of small 
recurrent upper tract tumors, and patients with indwelling ureteral stents tend to 
tolerate these procedures with only local anesthesia [89].

Careful patient selection, time needed to perform the procedure, and experience 
of the urologist are the major factors in successfully using local anesthesia and/or 
intravenous sedation for ureteroscopic procedures. A time period of 60–90 min, as 
well as the patient’s need for analgesia, has been suggested as the upper limit [90, 
91]. If an anesthesiologist is present, then general anesthesia can be induced if the 
procedure is prolonged or if the patient is not tolerating the procedure [90].

�Conclusions

With the introduction of newer surgical modalities to treat BPH, the TURP syn-
drome is becoming a rare complication of prostate surgery. Patients on oral antico-
agulants now may proceed with surgical treatment of BPH without further risk from 
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discontinuing their medications. Advances in ureteroscopic design are allowing 
these procedures to be performed under local anesthesia with or without intravenous 
sedation in a carefully selected population of patients.
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           Introduction 

 Offi ce-based anesthesia (OBA) and surgery are performed in a physician’s private 
offi ce that is not accredited by the state or a national organization as an ambulatory 
surgical center (ASC) or as a hospital. While the practice of OBA has recently 
undergone great expansion, it is not a new idea. With the introduction of anesthesia 
over 150 years ago, it was common for surgeons to attend the elite at home, arriving 
in a carriage with a bag of “laughing gas” or a sponge and container of chloroform. 
Such care was only for the very wealthy. Dr. John Snow, probably the fi rst physician 
anesthetist, in his book on  Chloroform and Other Anaesthetics  wrote that he had 
notes on 867 cases of dental extractions (3,021 teeth were extracted) performed in 
neighborhood dentists’ offi ces, particularly that of MR West of Broad Street, in the 
city (London) [ 1 ]. Snow reported no “inconvenience” from chloroform administra-
tion except for rare instances of nausea and vomiting. His OBA brought Snow to the 
attention of a Dr. Fuller of Manchester Square who recommended that he be invited 
to anesthetize patients at St George’s Hospital [ 2 ]. He began to do so on January 28, 
1847, and later was also credentialed at University College Hospital where he 
worked with the preeminent English surgeon, Mr. Robert Liston. 

 Thus, anesthesia was moved from the offi ce to the hospital where it remained for 
many decades. Dr. Ralph Waters published the fi rst report in the United States of 
OBA in 1919. In his practice in Sioux City, Iowa, he had “a modest offi ce equipped 
with a waiting room and a small operating room with an adjoining room containing 
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a cot on which the patient could lie down after his anesthetic” [ 3 ]. As concern grew 
over hospital costs in the 1970s, means to provide more effi cient care were explored. 
Building on an idea from 1949, a preanesthetic assessment clinic was established at 
the Bronx Municipal Hospital Center in 1972 [ 4 ,  5 ]. Over 3 years, the average 
patient day reduction was 4 days. The groundwork was set for ambulatory surgery 
and for anesthesia to move outside of the conventional hospital operating room. 
Currently, it is estimated that more than 55% of all ambulatory procedures in the 
United States are performed in freestanding facilities, 40% in ASC and 15% in 
offi ces, a percentage that is moving toward the offi ce setting [ 6 ].  

    Ambulatory Surgery Centers Versus Office-Based Settings 

 The growth in the number of ASCs was dramatic, from the late 1990s until the early 
2000s, driven by perceived decrease in hospital costs. However, recent trends evi-
dence a decreasing rate of growth of these centers – for reasons ranging from the 
recession to the reimbursement changes introduced at the federal level in 2008 [ 7 ]. 
A report to Congress cited several points concerning ASCs and these changes:
    1.     Number of ambulatory surgery centers : In 2009, there were a total of 5,260 

Medicare-certifi ed ambulatory surgery centers in the USA, up from 4,106 fi ve 
years earlier, according to data from the Centers for Medicare and Medicaid 
Services (CMS). However, the year-to-year net growth rate in the total number 
of ASCs has been steadily slowing, from nearly 8% in 2004 to about 2% in 2009.   

   2.     Number of operating rooms  ( OR )  in ASCs : The source reports that there is an 
average of 2.6 ORs per ambulatory surgery center, which would be nearly 13,700 
ORs in ASCs in 2009.   

   3.     Other characteristics of ASCs : Over 85% of Medicare-certifi ed ASCs are in 
urban areas and virtually all (96%) are for-profi t. Some states have a higher con-
centration of ASCs than others – the top states include Arizona, Washington, 
Idaho, and Maryland.    
  Offi ce-based settings offer several advantages over ASCs. The private offi ce 

allows physicians room for other activities such as space to perform history and 
physical examinations, routine visits, and administrative work. While ASCs are 
usually multispecialty and may not share space with other entities, the offi ce is 
designed for a single practice such as urology, gynecology, dentistry, or plastic 
surgery. Working in an offi ce space allows greater ease of scheduling, better patient 
privacy, fewer nosocomial infection risks, and cost containment. Patients prefer 
these settings as they are not restricted to urban areas so travelling is decreased. 
Patients undergoing a procedure in an offi ce can be made aware of all costs prior 
to consenting to surgery. Costs typically include the surgeon’s and anesthesiolo-
gist’s fees as well as the facility fee. However, the major disadvan-tage is patient 
safety, due to the paucity of oversight and adherence to recommendations in many 
instances. Indeed, offi ce-based practice has been referred to as the “wild, wild west 
of health care” [ 8 ]. There are reports of untrained surgeons performing procedures, 
inadequately trained ancillary staff, and poorly functioning or obsolete equipment, 
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including anesthetic machines [ 8 ]. However, many of these horror stories are 
reported in the lay press and there are few controlled studies to confi rm that OBA 
deserves such condemnation. Nevertheless, these reports have led to an increased 
awareness regarding the need for establishment of standards similar to those in 
hospitals and ASCs.  

    Standards and Regulations 

 Many urology cases are appropriately performed in urology offi ces and do not 
require the more rigid and thus more expensive ASC structure. Nevertheless, over the 
past decade, scrutiny of offi ce-based surgery by regulators and state-licensing agen-
cies has increased from close to zero to almost 100% in some states. To understand 
these changes, resources are available to assist the anesthesiologist in both OBA and 
ASC and can be used for both setting up and maintaining anesthesia compliance. An 
ever-growing number of parties are interested in the clinical and administrative per-
formance of both entities. These resources can be found on the Webpage of the 
American Urological Association, which offers its own standards (  www.auanet.org    ) 
as well as those from:
    1.     American Society of Anesthesiologists  ( ASA ) –  anesthesia standards and 

guidelines : 
 Offi ce-based anesthesia guidelines 2009, basic anesthetic monitoring stan-

dards (July 1, 2011), nonoperating room anesthetizing locations (Statement 
2008) (All are available at   www.asahq.org    ). 

 (Many of the state regulations, as well as the American College of Surgeons 
Guidelines, require adherence to the standards/guidelines established by the 
ASA).   

   2.     Accreditation Organizations for Offi ce - based Surgery :
    (a)    Joint Commission on Accreditation of Healthcare Organizations   
   (b)    Accreditation Association for Ambulatory Health Care   
   (c)    American Association for Accreditation of Ambulatory Surgery Facilities, 

Inc.   
   (d)    Centers for Medicare/Medicaid    

      3.     American College of Surgeons Guidelines : 
  Guidelines for Optimal Ambulatory Surgical Care and Offi ce - Based Surgery     

  Other guidelines can be found at:
    1.    Society for Ambulatory Anesthesia (SAMBA).   
   2.    American Association of Nurse Anesthetists.   
   3.    Institute for Safety in Offi ce-Based Surgery. This organization is nonprofi t, and 

its mission is to promote patient safety in offi ce-based surgery and to encourage 
collaboration, scholarship, and physician and patient.   

   4.    The American Association for Accreditation of Ambulatory Surgery Facilities 
(AAAASF).   

   5.    Accreditation Association for Ambulatory Health Care (AAAHC). (Accreditation 
handbook for offi ce-based surgery with review guidelines 2012   www.aaahc.org)     
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 To date, 26 states have some degree of guidelines in effect [ 9 ,  10 ]. It should be 
noted that some of the regulations in some states do not apply if only local anesthe-
sia or nerve blocks are used. Currently, only nine states (Connecticut, Indiana, New 
Jersey, New York, Ohio, Oregon, Pennsylvania, Rhode Island, and South Carolina) 
require accreditation after certain “thresholds” that consider the risk of the proce-
dure and the level of sedation/analgesia to be used. Sixteen states and the District of 
Columbia have varying standards, some of which are voluntary (Alabama, Arizona, 
California, Colorado, Florida, Illinois, Kansas, Kentucky, Louisiana, Massachusetts, 
Michigan, North Carolina, Oklahoma, Tennessee, Texas, and Washington.) Twenty-
fi ve states do not regulate offi ce- based surgery (OBS).     

 Other countries have also addressed OBS regulations. Although, poorly regu-
lated in Canada, an increasing number of provinces are beginning to regulate offi ce- 
based facilities. Alberta and British Columbia have fully functional regulations, and 
Ontario, Quebec, and Saskatchewan are in the process of updating existing bylaws 
[ 6 ]. European countries, especially Spain, have proposed regulations but they have 
proved diffi cult to enforce. Similarly, in the Pacifi c Rim countries such as Thailand, 
although the need for oversight is well recognized, it is not easy to regulate offi ces 
that have been providing care for many years without incident, especially offi ces 
owned and operated by a leading surgeon. Also, regulations are often viewed as 
politically motivated and legal delays may ensue. 

 Whether a physician practices in an area that requires formal accreditation or not, 
obtaining this status provides the public with an important measure of quality assur-
ance. As noted above, facilities can be accredited by the Joint Commission, the 
Accreditation Association for Ambulatory Health Care, the American Association 
for Accreditation of Ambulatory Surgery Facilities, the American Osteopathic 
Association, or a state-recognized entity such as the Institute for Medical Quality [ 9 ]. 

 Anesthesiologists and surgeons should consult both state and local regulations 
that may infl uence the practices. Even physicians who perform only minor surgical 
procedures under minimal sedation should be aware that ASA guidelines usually 
require offi ce personnel to be trained in basic life support and physicians to have 
advanced cardiac life support certifi cation. Emergency equipment must be available 
for cardiorespiratory support and the treatment of anaphylaxis [ 10 ]. OBS practices 
that store and dispense controlled substances must adhere to individual state and 
federal Drug Enforcement Administration (DEA) guidelines for managing narcotics 
and other drugs. Temperature-control regulations, especially for antibiotics, must 
also be followed. Individual practitioners are required to obtain DEA registration.  

    Requirements for Office-Based Practice 

 A policy and procedure manual that outlines issues, such as emergency planning, 
infection control, staffi ng, documentation, and peer review and quality assurance, is 
a minimum requirement. Safety recommendations involve the patient, the proce-
dure, and the facility [ 11 ]. The anesthesiologist should be pivotal in maintaining 
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safe offi ce practice and ensure an adequate preoperative evaluation including 
 documentation of all pertinent tests, results, and consultations, although the need 
for preoperative testing in otherwise healthy individuals and the usefulness of the 
information obtained has been seriously questioned over the past two decades [ 12 ]. 
An appropriate informed consent (including language understood by the patient) for 
surgery and anesthesia must be obtained. The offi ce should be equipped with age- 
and size-appropriate resuscitation equipment and drugs [ 13 ,  14 ]. A means should be 
available to deliver positive pressure ventilation, and all equipment, including ven-
tilators, should be regularly maintained with up-to-date service contracts in place. 
Air quality should be tested regularly and the results posted. The ASA algorithm for 
the diffi cult airway should be displayed. Intraoperative and postoperative monitor-
ing and documentation must adhere to ASA guidelines. The offi ce must have an 
oxygen supply and suction equipment with backup systems. Drugs must be rou-
tinely checked for expiration dates. Appropriate drugs must be available (e.g., if 
succinylcholine is used, dantrolene must be available on-site). A defi brillator should 
be present and undergo daily battery checks. The design of the offi ce should have a 
1 h fi rewall present and an emergency generator. 

 Criteria for discharge should be predetermined and based upon peer-reviewed 
literature [ 15 ,  16 ]. The requirement that an adult accompany a patient home after 
sedation pertains in New York but not in many other states. It should be noted that 
most, but not all, societies agree that the offi ce should be accredited, even if it is not 
a state mandate. 

 Qualifi cations for the surgeon include that he/she must be licensed and creden-
tialed to perform the operation in a hospital or have training and documented profi -
ciency comparable to that for a credentialed surgeon. The surgeon should be either 
board eligible or board certifi ed by a recognized member of the American Board of 
Medical Specialties and carry malpractice insurance. Many surgeons are also trained 
to provide conscious or deep sedation with local anesthesia in an offi ce-based set-
ting with or without an anesthesiologist. 

 Some of the issues that must be clarifi ed by an anesthesiologist in offi ce-based 
anesthesia include [ 17 ,  18 ]:
•    Transfer agreement(s) to local hospital  
•   Emergency care/malignant hyperthermia/latex sensitivity/Code Blue responsi-

bilities and sample documents/anaphylaxis shock  
•   Surgical services/patient management/preoperative requirements and prep/

wound classifi cation system  
•   Materials management/central supply inventory/equipment purchases and 

evaluation  
•   Quality assurance/risk management  
•   Education/orientation/new employees, self-assessment and evaluation/in- 

service/competencies  
•   Safety/electrical; fi re; laser; electrosurgery; sponge, sharp and instrument counts; 

universal precautions; temperature and humidity monitoring  
•   Infection control/infection control committee/surgical attire/cleaning and pro-

cessing anesthesia equipment, endoscopes, endoscopic accessories, surgical 
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instruments and powered equipment/environmental cleaning/aseptic technique/
biohazardous waste handling/sterilization standards  

•   Nursing services/professional conduct/job descriptions  
•   Personnel/fi le content/physical exam/hepatitis B and HIV testing waiver forms/

policy and procedure confi rmation/disciplinary counseling form  
•   Medical records/contents of patient surgical chart/medical record entries/ 

consent/retention and storage of medical records/observers in the OR/approved 
abbreviations  

•   Pharmacy/ordering/storage of medications/administering medications/educa-
tion/reporting and monitoring  

•   Patient’s rights and responsibilities    
 All these issues and also those pertaining to surgeons are covered in guidelines 

assembled by the Massachusetts Medical Society and available as a 60-page pdf fi le 
at   www.massmed.org/offi cebasedsurgery    . 

 Financial management is imperative in these centers. Before any agreements are 
entered into, fi nancial feasibility should be verifi ed as CMS and insurance carrier 
may pay based on accreditation or other factors such as procedure [ 19 ].  

    Urology and OBA 

 Outpatient urologic surgery has several potential benefi ts over hospital-based sur-
gery, including lower cost, ease of scheduling, and convenience to both patients and 
health-care workers. In the 1990s, many urology cases migrated to ambulatory sur-
gical centers (ASCs) from the hospital setting. Fairly soon it was recognized that 
many procedures performed in ambulatory centers could be completed even more 
effi ciently in an offi ce setting. 

 As we have seen, the fact that the anesthesiologist is working in a nonhospital 
setting does not allow any laxity in anesthetic practice. Quite the opposite is the 
case. Since so many systems which we have come to assume to be present might not 
be readily at our disposal, it is incumbent upon the practitioner to ensure that all of 
the anesthetic equipment and agents which she/he requires are present, that the 
patient is clinically suited to undergo the procedure in an outpatient setting, and that 
the procedure is appropriate for the outpatient setting. The typical patient may be 
young and healthy, but with changing demographics – and also particularly in a 
urological practice – the elderly are frequently patients. 

 It is important to consider patient privacy in the outpatient setting, especially in 
urology. Several groups of patients may require care, from young women to elderly 
men. The dignity of each must be preserved to the fullest extent possible. With these 
caveats in mind, procedures are usually very brief and involve minimal blood loss. 
In contrast to the hospital, the offi ce-based list may include a dozen cases performed 
in less than 3 h, so a well-organized work space is needed. 

 A conservative anesthetic approach is to utilize as simple a technique as pos-
sible. For these procedures, polypharmacy clouds patient management. In almost 
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all cases, there is no need for mixtures of opiates, benzodiazepines, and other 
intravenous agents as well as antiemetics (except in certain identifi ed individuals) 
and reversal agents. Using the appropriate dose of a single drug like propofol 
along with a well-timed local block can facilitate the vast majority of urologic 
procedures in the offi ce. 

 A sedating dose of propofol 0.5 mg/kg will allow the surgeon or anesthesiologist 
the opportunity to place a nerve block without much diffi culty and with little or no 
memory by the patient. Timing is important, especially watching for signs of a yawn 
or vertical nystagmus that indicate central onset of pharmacologic action. OBA 
cases are an example where less is truly more. Given as a single agent and in high 
surgical volume situations, propofol is ideally suited to accomplish fairly deep but 
safe anesthesia for a brief period of time. Adding additional agents may prolong 
recovery without improving patient or surgeon satisfaction. 

 Payne et al. surveyed practice in adult urology day case surgery (ASC and OBA) 
and found [ 20 ]:
   6% used premedication  
  96% propofol was the preferred induction agent  
  56% isofl urane the preferred maintenance agent  
  32% used prophylactic antiemetics  
  93% used a laryngeal mask (this constituted the ASC group)    

 Another pleasant advantage in practice in the outpatient setting is that we as 
anesthesiologists have the opportunity to use interpersonal skills to alleviate the 
patient’s anxiety. We rarely get the opportunity to sit down with a patient for more 
than 5 min in the holding area. In the offi ce setting, the taking of a history and physi-
cal examination can be accomplished with a greater air of relaxation. Many offi ce- 
based practices insist that anesthesia providers telephone patients the day before 
surgery in order to get to know the patient, identify any possible cancellation issues, 
and reinforce all preanesthetic instructions. Completing the preanesthetic from the 
evening before saves time on-site and also makes the informed consent process fl ow 
smoother and ensures the patient is comfortable with the explanation, which goes a 
long way to increasing patient satisfaction. 

 By surgical volume urology is not one of the largest components in ASCs and 
OBS. However, as mentioned previously, many of these less complex procedures 
are performed in urology offi ces. The number of urology procedures performed as 
outpatient procedures is shown in Table  4.1 .

   Many of the procedures performed as outpatient urology are performed in surgi-
cal offi ces, so the ASC data does not track absolute outpatient volume. 

 The most common procedures performed in the urology offi ce include circumci-
sion, vasectomy, prostate biopsy, and transurethral resection of prostate using either 
LASER, cryosurgery, or radiofrequency, as well as cystoscopies with bladder biopsy 
or resection of bladder tumors. Although traditionally many of these same proce-
dures have been undertaken in a hospital setting, experience indicates that an offi ce- 
based environment offers equal safety and better patient satisfaction in otherwise 
healthy patients. Refi nements in lithotripters have allowed extracorporeal 
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   Table 4.1    Urology versus other outpatient procedure volumes: as a percentage of 
other procedures performed on an outpatient basis, urology ranks 6th (Data derived 
from CMS analysis of ASC CY 2009 claims data) [ 21 ]   

 Rank  Specialty  Volume  % of total volume 
 1  Gastrointestinal  1,823,520  32.7 
 2  Eye  1,792,334  32.1 
 3  Nervous system  1,059,304  19.0 
 4  Musculoskeletal  370,195  6.6 
 5  Skin  238,160  4.3 
 6  Genitourinary  207,482  3.7 
  Total volume    5 , 577 , 280    98 . 5  

   Table 4.2    Some of the more commonly performed procedures and the CPT codes are listed  

 CPT Code  Description  Total 
 52000  Scope of bladder and urethra, for diagnosis  343,628 
 55700  Prostate needle biopsy, any approach  111,296 
 50590  Lithotrp Xtrcorp shock wave  61,108 
 52005  Scope bladder, insert tube for injection  55,030 
 52332  Scope bladder and ureter, insert stent into ureter  49,660 
 74420  X-ray, urinary tract exam with contrast material  39,006 
 52281  Csto calibration dilat urtl strix/stenosis  34,241 
 54161  Circumcision >28 days  25,029 
 52310  Scope bladder, simple removal stone, stent  23,414 
 52353  Scope bladder and ureter, breakup kidney stone  21,494 

shockwave lithotripsy (ESWL) to be performed in offi ce settings. The procedure is 
painful and does require sedation. Predictive factors for pain during ESWL include 
younger age, anxiety or depression, previous ESWL, and rib-projected or homoge-
nous stones [ 22 ]. 

 The 10 most-performed urological procedures in freestanding outpatient surgery 
centers in 2009, according to IMS’s  Free - standing Outpatient Surgery Centers 
Database  (2009 data year), are shown in Table  4.2 . Procedures are listed by CPT 
code, long name description, and total volume.

   Comparison data as to how facilities can compare themselves to others may be 
found at   http://www.outpatientsurgery.net/resources/NSAS/    . Data derived from the 
National Center for Health Statistics were collected in 2006 on more than 51,000 
ambulatory surgery procedures performed in 189 hospitals and 295 freestanding 
ambulatory surgery centers.  Outpatient Surgery Magazine  collated the information 
in a more user-friendly format which may be accessed at   http://www.cdc.gov/nchs/
nsas.htm     or   http://www.outpatientsurgery.net/resources/NSAS/    . For example, 
entering “circumcision” as a common procedure reveals such data (Table  4.3 ).
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   It is not surprising to see that no one is administering epidural anesthesia for 
outpatient circumcision. However, it is easy to determine how complications, dis-
charge times, and techniques vary between other centers. Of note, as the surgical 
procedure entered become progressively more complicated, there is a signifi cant 
widening in both the time spent in the hospital versus the ambulatory unit, and also 
there is a progressively enlarging gap in charges between those seen in the outpa-
tient facilities and the hospitals.  

   Table 4.3    Circumcision   

 Anesthesia  ASC  Hospital based  Both 
 Anesthesia by anesthesiologist (avg.)  77.16%  71.14%  72.17% 
 Anesthesia by CRNA (avg.)  18.39%  30.95%  28.80% 
 Anesthesia by surgeon (avg.)  17.41%  6.12%  8.05% 
 Epidural (avg.)  0.00%  0.00%  0.00% 
 General anesthesia (avg.)  79.02%  74.14%  74.97% 
 IV Sedation (avg.)  10.36%  6.83%  7.43% 
 MAC (avg.)  1.83%  4.31%  3.89% 
 No specifi ed anesthesia (avg.)  0.00%  4.92%  4.08% 
 Other anesthesia (avg.)  0.00%  6.01%  4.98% 
 Topical anesthesia (avg.)  8.43%  2.66%  3.65% 
 Regional (avg.)  4.56%  8.08%  7.48% 
  Complications  
 Hypertension (avg.)  1.57%  0.00%  0.27% 
 Nausea (avg.)  1.05%  0.00%  0.18% 
 Other symptom (avg.)  2.86%  0.42%  0.84% 
 Vomit (avg.)  1.05%  0.00%  0.18% 
 Hospital admission (avg.)  0.00%  0.00%  0.00% 
  Time (in minutes)  
 Time in OR (avg.)  50.50   63.57  61.43 
 Time in postop (avg.)  78.54   62.55  65.30 
 Time in surgery (avg.)  28.41   30.80  30.40 
 Total time (avg.)  128.49  130.76  130.38 
  Charges  
 Total charges (avg.)  $1,637.46  $3,887.94  $3,356.93 
  Other information  
 No. of procedures used to generate data *   41  111  152 
 Male  100.00%  100.00%  100.00% 
 Age in years (avg.)  26  14  16 
  Discharge  
 Routine discharge to home  100.00%  80.63%  83.95% 
 Admitted to hospital as inpatient  0.00%  1.13%  0.93% 
 Surgery cancelled  0.00%  0.00%  0.00% 
 Discharge status other  0.00%  15.03%  12.46% 

  Many differences arise when circumcision is performed in a hospital or in an outpatient facility in 
both complications and cost 
 * If the total number of procedures is less than 59, the data are considered reportable but not 
reliable  
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    Techniques 

 Several anesthetic techniques lend themselves to the offi ce-based practice. 

    Topical Anesthesia 

 A catheter is used to drain the bladder completely and then 60 mL of 2% chilled 
lidocaine solution can be instilled. The urethra can be anesthetized with 20 ml of 
chilled 2% lidocaine gel and a penile clamp, used to tamponade the gel.  

    Monitored Anesthetic Care 

 Monitored anesthetic care (MAC) is an important component in the armamentarium 
of the practitioner for the provision of pain relief and anxiety reduction in outpatient 
urology. There are several reasons for using MAC. A patient with signifi cant anxi-
ety about the procedure may tolerate it in the offi ce setting, but not without anxioly-
sis. Second, the procedure may involve brief moments of signifi cant stimulation, 
otherwise without major pain. Finally, certain patients have medical illness which 
might require anesthesiology coverage so that the surgeon does not have to attend to 
the patient’s medical condition while operating. Several agents may be used: 

    Propofol 
 As noted above, propofol is the most widely used agent in OBA. The drug has a 
rapid onset, with induction of anesthesia occurring in one arm to brain circulation 
time. It has a large volume of distribution and a high metabolic clearance. Recovery, 
primarily by redistribution, is also rapid. Propofol is not associated with nausea and 
vomiting, and in addition to its role as an induction agent, it is often used as an infu-
sion for maintenance of both monitored anesthesia care and general anesthesia.  

    Ketamine/Benzodiazepine or Ketamine/Propofol 
 Ketamine is a dissociative anesthetic; its mechanism of action is primarily as an 
antagonist of the N-methyl-D-aspartate (NMDA) receptor. Its early use was plagued 
with post procedure delirium and nightmares. The judicious use of benzodiazepines 
and propofol have minimized this issue. 

 An evidence-based approach to use of ketamine/benzodiazepine is provided by 
Deng et al. [ 23 ]; patients received a bolus of 0.05 mg/kg midazolam. Two minutes 
before the infi ltration of local anesthetic solution, a bolus of ketamine 0.3 mg/kg IV 
was administered, followed by a stepwise infusion of ketamine: 16.67 mcg/kg/min 
for 30 min, 13.3 mcg/kg/min for 90 min, and subsequently 10 mcg/kg/min. This 
approach was statistically superior to other combinations. 

 One note of caution is appropriate: there have been several scattered reports of 
ketamine causing damage to the bladder and the ureters when used on a repetitive 
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basis [ 24 ]. In brief reports of three palliative care patients who were given ketamine 
as an analgesic, debilitating urological symptoms developed in one patient with 
resolution of symptoms following cessation of ketamine, but in the other two, some 
symptoms persisted until their death. The mechanism is unclear as to whether the 
underlying disease or ketamine was causative of their demise. 

 In a head-to-head trial of propofol/ketamine versus propofol/fentanyl, Fabbri 
et al. studied whether propofol in combination with fentanyl or ketamine provided 
good quality of anesthesia and recovery time in urological endoscopic outpatient 
surgery [ 25 ]. Sixty patients (ASA I and II) were assigned randomly to receive either 
2.5 mcg/kg fentanyl or 1 mg/kg ketamine. In both groups, anesthesia was induced 
with propofol 1.5 mg/kg and maintained with 7 mg/kg/h. Patients breathed nitrous 
oxide and oxygen 3:2 spontaneously. Cardiovascular parameters were more stable 
after ketamine. The most important side effect was the presence of apnea lasting 
longer than 60s in 14 patients receiving fentanyl. The time to establish alertness was 
shorter in the ketamine group, who also had a better ( P  < 0.05) as well as postanes-
thetic recovery room score.  

    Dexmedetomidine 
 Due to its hemodynamic, sedative, anxiolytic, analgesic, neuroprotective, and anes-
thetic sparing effects, dexmedetomidine has become an increasingly frequently 
used agent in combination with routine anesthetic drugs. Other advantages include 
minimal respiratory depression with cardio-, neuro-, and renoprotection, thus mak-
ing it useful at offsite procedures. The α1 to α2 ratio of 1:1,600 makes it a highly 
selective α2-agonist compared to clonidine, thus reducing the unwanted side effects 
involving α1-receptors. 

 The high selectivity of dexmedetomidine to α2A-receptors, which mediate anal-
gesia and sedation, has been exploited by various authors in regional anesthesia 
practice. 

 Due to its central sympatholytic effect, dexmedetomidine is useful in blunting 
hemodynamic responses in the perioperative period. Intravenous doses vary from 
0.1 to 0.5 mcg/kg. Optimal dose for attenuating pressor response seems to be 1 mcg/kg 
with lesser doses not being effective. Bradycardia and hypotension are the major 
side effects. Bradycardia is attributed to refl ex response for transient hypertension 
during the initial part of the infusion. Subsequent decrease in heart rate is due to a 
decrease in central sympathetic outfl ow. Hypotension is attributed to decreased cen-
tral sympathetic outfl ow. A transient hypertensive response has been observed with 
higher doses (1–4 mcg/kg), probably due to initial stimulation of α2B-receptors 
present in vascular smooth muscles. This hypertensive episode settles once there is 
decrease in central sympathetic outfl ow. 

 A major problem with dexmedetomidine is associated with a longer recovery 
time than a midazolam/fentanyl combination when used for sedation and analgesia 
during offi ce-based procedures. The incidence of rescue sedative and analgesic 
need was also signifi cantly higher when dexmedetomidine was used [ 26 ]. The 
authors concluded that dexmedetomidine should be reserved for patients at high risk 
of respiratory complications.    

4 Anesthesia for Offi ce-Based Urologic Procedures



64

    Regional Anesthesia 

 Many blocks are performed by urologists. However, it is important for anesthesiolo-
gists to have an understanding of how they are performed. Moreover, in appropriate 
settings, anesthesiologists and urologists working together may elect for the anes-
thesiologist to perform these blocks to facilitate turnover. 

    Cord Block 

 A cord block is performed for vasectomies [ 27 ,  28 ]. Two techniques are described. 
Historically, a 20 cm 3  syringe with local anesthetic and a 25 gauge 1.5 in. needle 
were used. After identifi cation of the pubic tubercle, a needle was inserted 1 cm 
below and medial to the pubic tubercle until the bone was reached. The needle was 
slightly withdrawn and after aspiration, injection was made across the spermatic 
cord. This procedure was repeated on the other side. 

 Conventional vasal block needle anesthesia in no-scalpel vasectomy involves the 
use of a 25 or 27 gauge 1 1/2" needle used to raise a wheal at the median raphe at 
the junction of the upper one third and lower two thirds of the scrotum; it is then 
advanced its full length toward the external inguinal ring on each side where further 
anesthetic solution is deposited [ 27 ,  29 ] (Fig.  4.1 ).

   A no-needle jet technique for anesthesia of the vasal nerve has also been described 
[ 30 ] (Fig.  4.2 ).

   A penile block is used for circumcision and penile biopsy (Fig.  4.3 ). Complications 
include inadequate block, hematoma, infection, or rarely ischemia. Techniques vary 
from injection below the symphysis pubis to ring block of the shaft to a lateral 
approach. However, the lateral approach is somewhat less reliable in providing 
complete anesthesia to the penis.

   The anatomy related to penile block is one of the least understood areas by anes-
thesiologists. Key points include [ 31 ]:
    1.    The triangular space lies deep to the fascia, bounded above by the symphysis 

pubis and below by the corpora cavernosa.   
   2.    The fascia splits on its deep surface to form a vertical suspensory ligament of the 

penis which, in turn, divides to encircle the shaft of the penis.   
   3.    The dorsal nerves and vessels lie deep to the suspensory ligament. The latter 

divides on the corpora cavernosa and therefore forms an enclosed space where 
the nerves and vessels can be depressed if a large hematoma develops.   

   4.    There are pear-shaped, potential spaces on either side of the suspensory ligament 
which usually do not communicate directly (only 6% do).    
  For the midline approach, local anesthetic is used, again without epinephrine to 

minimize the risk of penile ischemia. The symphysis pubis is palpated at the level 
of the base of the penis. A #23 gauge 1.5 in. needle is placed through the skin, just 
below the symphysis until the inferior border is reached. Advancing another 1–2 cm 
with the needle, the operator will discern a loss of resistance. 
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10 cc
syringe

25 or 27 guage
1 ½” needle

1. Skin wheal
 0.5 cc

2. Anesthetic pool
 around the vas
 2 to 3 cc

Summary
• Very effective technique
• Potential blood vessel injury or hematoma
• Possible skin edema around vasectomy
 site if one injects too much for the skin wheal

5 to 8 ml of 1% lidocaine/NSV

2 to 3 cm
away from the
vasectomy site

Vas

  Fig. 4.1    To block the vasal nerve, a small skin wheal is made in the scrotal tissue. Using a 25 or 
27 gauge needle, 2–3 ml of local anesthetic are injected around the vas deferens cord       
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10 cc
syringe

Jet injector

A mist of anesthetic
beneath the skin and
around the vas
0.1 cc/spray

25 or 27 guage
1 ½” needle

1. Skin wheal 0.5 cc

Needle Injection Pattern*

Jet Injection Pattern**

2. Anesthetic pool
 around the vas
 2 to 3 cc

Vas

Vas

Skin

5 to 6 mm

4 to 4.5 mm

a

b

  Fig. 4.2    In contrast to the traditional vasal nerve block, with the “no-needle” technique for a vasal 
block, a mist of anesthetic is injected under the skin of the scrotum with high pressure       
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 At this point, the needle has passed through the superfi cial fascia of the penis and 
into Buck’s fascia. After confi rmation of placement by negative aspiration, 5–7 ml 
of local anesthetic is injected to block the dorsal nerve. The needle is then with-
drawn to just below the skin and the angle switched without withdrawing from the 
skin to either side of the penis. Five milliliters of solution is injected on each side. 
The block is completed by injecting the sides at the base of penis to block the ilio-
inguinal and genitofemoral nerves. There may be a small area by the frenulum at the 
tip of the penis that may need supplemental local injection.  

    Prostate Block 

 A prostate block is used for prostate biopsy and may be used for procedures on the 
prostate such as transurethral radiofrequency ablation or laser ablation (Fig.  4.4 ). 
The patient is placed in the lateral decubitus position and an ultrasound probe 
inserted transrectally. A 22 gauge, 7 in. spinal needle is placed through the biopsy 
guide channel under ultrasound guidance into the area where the prostatic innerva-
tion enters the gland [ 32 ]. The location is identifi ed by angling laterally until the 

Dorsal nerve block

Ventral

Dorsal
Dorsal nerve of penis

  Fig. 4.3    To perform a penile nerve block, a small-gauge needle is inserted 3–4 cm superior to the 
2 o’clock site over the inferior portion of the symphysis pubis. The needle is advanced until it 
reaches the bone, then the needle is walked in a caudal fashion off of the pubis. There may be a 
popping sensation as the needle goes through the superfi cial fascia inferior to the pubis. At this 
site, inject 5 cm 3  of 1% lidocaine or 0.25% bupivacaine without epinephrine. This procedure is 
repeated on the opposite side       
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notch between the prostate and seminal vesicle is visualized with ultrasound. The 
needle is placed into this notch and 5 ml plain lidocaine is injected on each side. 
Successful placement is confi rmed by observing that the injectate causes separation 
of the seminal vesicles and prostate from the rectal wall (Fig.  4.4 ).

   However, some practitioners prefer periprostate local anesthesia injection as a 
means to decrease pain for the patient [ 33 ].   

    Spinal Anesthesia 

 Spinal anesthesia for outpatient urology affords rapid onset and offset, easy admin-
istration, minimal expense, and minimal side effects or complications [ 34 ]. However, 
in OBA, there is no place usually to observe for an hour or more as patients have to 
be up and out, usually within 20 min. Nevertheless, it is particularly amenable to 
urological practices since it affords anesthesia below the level of the umbilicus. 
Small-gauge, pencil-point needles have reduced the incidence of post-dural punc-
ture headaches (0–2%), and spinal analgesia is much more predictable than periph-
eral block in both onset and profundity of anesthesia. 

  Fig. 4.4    Prostate nerve blocks are performed with ultrasound assistance (probe not illustrated 
here). After the ultrasound probe is optimized in the sagittal plane, a 22-gauge, 7-in. spinal needle 
is placed through the biopsy channel. With ultrasound guidance, the needle is placed into the area 
where prostatic innervation enters the gland. Successful placement of the needle is confi rmed 
when the injectate causes a separation of the seminal vesicles and prostate from the rectal wall       
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 Many different possible local anesthetics are suitable for outpatient spinal 
anesthesia including lidocaine, prilocaine, mepivacaine, and small doses of bupi-
vacaine [ 35 ]. However, for many practitioners, medico legal risk has trumped the 
scientifi c data that appropriate use of lidocaine (not with a micro catheter with 
hyperbaric lidocaine and redosing) can be safe. Consequently, because so many 
urological procedures in the outpatient setting are of extremely short duration, 
spinal anesthesia is less appealing. For longer procedures, mepivacaine or low-
dose bupivacaine are excellent agents.  

    General Anesthesia 

 Short duration general anesthesia is often indicated in OBA, especially for younger 
patients. 

    Fentanyl Versus Remifentanil 

 The effects of remifentanil versus fentanyl isofl urane general anesthesia on Aldrete 
score, emergence, extubation, and discharge times following short (<30 min) outpa-
tient urologic procedures (panendoscopy and cystoscopy, bladder hydrodilatation, 
stent placement) were compared in 40 patients 18 years of age or older randomized 
into remifentanil and fentanyl groups [ 36 ]. Preoperatively, all subjects received 
intravenous (IV) midazolam 1–2 mg and were induced with propofol 2 mg/kg IV. 
The remifentanil group received remifentanil 1 mcg/kg IV at induction with a main-
tenance dose of remifentanil 0.1–2 mcg/kg/min IV in the presence of 60% nitrous 
oxide (N 2 O)/40% oxygen (O 2 ) and end-tidal isofl urane of 0.3–0.4% (for amnesia). 
The fentanyl group received fentanyl 2 mcg/kg IV at induction, maintenance dose 
of fentanyl 2–3mcg/kg IV intermittent bolus, and 60% N 2 O/40% O 2  with 2% end- 
tidal isofl urane. The results showed a signifi cant difference ( p  < 0.05) in operating 
room (OR) exit time, initial Aldrete score, but not PACU discharge Aldrete score. 
No adverse events were noted. The authors concluded while there was no difference 
between the remifentanil and fentanyl groups regarding recovery time from OR and 
PACU, remifentanil patients had signifi cantly better OR exit Aldrete scores with 
less sedation upon arrival at phase I PACU recovery This anesthesia technique may 
prove helpful for fast-track eligibility of these cases.   

    Airway Management 

 While the vast majority of patients undergoing OBA require little more than oxygen 
supplementation and occasionally mask ventilation, an airway cart must be avail-
able with endotracheal tubes and supraglottic airways.  
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    Considerations of Prophylaxis 

 Antibiotic prophylaxis is required when there is a proven urinary tract infection or 
a potential for infection due to an indwelling catheter or urinary obstruction. Kraklau 
and Wolf reviewed the necessity of antibiotic prophylaxis for offi ce-based urologic 
procedures [ 37 ]. Studies of infections after transrectal ultrasound and biopsy sug-
gest that periprocedure antibiotics are indicated. Most evidence suggests that outpa-
tient cystoscopy is associated with minimal infectious risk and that the routine 
administration of oral antibiotics is not indicated. Support in the literature for the 
use of prophylactic antibiotics at the time of urodynamic evaluation is equivocal. 

 Deep venous thrombosis prophylaxis compression stockings can be utilized. 
However, since most of these procedures are very brief and the patient will be 
ambulatory in a short time, these rarely are used in the offi ce setting. 

 Postoperative nausea and vomiting (PONV) after OBA for urologic procedures 
is usually not a major problem, however, any offi ce-based practice must address the 
issue of (PONV), which can delay discharge or even precipitate an unplanned hos-
pital admission. Many investigators recommend a multimodal approach to treat-
ment, including metoclopramide, dexamethasone, Phenergan, droperidol, and 
5-HT3 receptors, such as ondansetron, dolasetron, or granesitron [ 38 ,  39 ]. A study 
by Tan et al. questioned the effi cacy of the 5-HT3 receptor antagonists, noting that 
the addition of dolasetron (12.5 mg) or ondansetron (4 mg) failed to improve the 
antiemetic effi cacy of droperidol (0.625 mg intravenously) and dexamethasone 
(4 mg intravenously) when used for routine prophylaxis in OBA in 135 patients 
[ 40 ]. However, the authors did not stratify for patients at high risk for PONV (previ-
ous history, female, nonsmokers). Certainly these groups should be identifi ed and 
an antiemetic given.  

    Complications 

  Penile erection  can make cystoscopy diffi cult and surgery hazardous. It may occur 
due to surgical stimulation when the depth of anesthesia is inadequate and can often 
be managed solely by deepening the depth of anesthesia. If the erection still persists, 
small incremental doses (10 mg) of ketamine can be very useful. 

    Patients with Preexisting Lumbar Radiculopathy 

 Patients with a past history of lumbar radiculopathy or spinal stenosis may not toler-
ate the lithotomy position, and some measure of creative positioning may be needed. 
Rather than assume the 90° angle at the hip, some smaller angle can be used while 
still allowing access to the perineum. In patients with hip replacements, excessive 
external rotation can cause a dislocation and care must be taken when positioning 
the patient.  
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    Autonomic Hyperreflexia 

 Patients with spinal cord injuries often need frequent cystoscopies, especially for 
stone manipulations. It is extremely controversial to perform these procedures in a 
setting where invasive monitoring and continuous drug infusions may be unavail-
able. Patients presenting for OBA with a previous history of autonomic hyperre-
fl exia represent a markedly increased risk and the ability to manage such an episode 
can be extremely challenging. 

 When the cord lesion is above T6–T7, autonomic hyperrefl exia may be encoun-
tered, especially during bladder distension or ureteral cannulation. This disorder is 
characterized by generalized sympathetic hyperactivity in response to stimulation 
below the spinal cord lesion. It is heralded by sudden hypertension and bradycardia. 
Below the spinal cord lesion, pallor and pilomotor erection may be accompanied by 
somatic and visceral muscle contraction and increased spasticity. Above the lesion, 
there often is fl ushing of the face and neck, congestion of mucous membranes, 
sweating and mydriasis. These episodes are generally self-limited if the stimulation 
is stopped, i.e., the operative intervention must be terminated as soon as possible. If 
the stimulation continues, severe hypertension can lead to hypertensive encepha-
lopathy, stroke, arrhythmias, myocardial ischemia, and death. Proper prior prepara-
tion and excellent communication with the surgeon can prevent tragedy. Although 
often indicated in these cases, most practitioners are loath to perform a spinal or 
epidural in the offi ce setting due to the delay in discharge. However, an experienced 
surgeon with good team communication skills may be able to carry out brief proce-
dures as long as there is an understanding that the occurrence of the refl ex ends the 
procedure.  

    Pain 

 Management of postoperative pain remains problematic. Patients should be dis-
charged with prescription drugs as necessary to control discomfort. They must also 
be given a contact number should pain become excessive, a complication that may 
indicate another complication.   

    Effect of Anesthesia 

 The effect of anesthesia on postoperative outcome has been studied. In one report of 
17,638 patients, there were no anesthesia-related admissions or deaths [ 41 ]. In a 
study by Paez et al., general anesthesia acted as a risk factor for postoperative com-
plications [ 42 ]. There were delayed discharges and increased readmissions in the 
general anesthesia group, versus those who received regional anesthesia. 

 Of note, the level of surgical complexity (DRG relative weight) was higher for 
the group operated under regional anesthesia while patients undergoing general 
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anesthesia suffered the vast majority of complications. General anesthesia (GA)-
related side effects were interpreted to explain this effect. This report is contradicted 
by another in healthy men undergoing minor genitourinary procedures proved that 
GA with remifentanil and propofol was as safe and effective anesthesia as spinal 
block with the advantage of a faster discharge [ 33 ]. 

 Not all patients or procedures are suitable for an offi ce setting [ 11 ]. Inappropriate 
patients include those classifi ed as ASA 4, patients with brittle or poorly controlled 
diabetes, substance abusers, and patients with a seizure disorder or who are malig-
nant hyperthermia susceptible or have other major familial problems such as Tay 
Sachs disease or familial dysautonomia. Morbidly obese patients, premature babies, 
and those who have a history of obstructive sleep apnea (OSA) are also not good 
candidates.  

    Conclusions 

 The administration of analgesia and anesthesia in an outpatient setting can be a 
very satisfying practice. Provided that all incumbent responsibilities are met – 
administrative, logistical, and clinical – the ability to rapidly get numerous patients 
through procedures safely and with minimal pain and anxiety is rewarding. In addi-
tion, the anesthesiologist practicing in this setting has numerous techniques at her/
his disposal, permitting a fair amount of creativity in approaching these patients.

  The length of a fi lm should be directly related to the endurance of the human bladder. – 
Alfred Hitchcock 

   Likewise, we want to get our patients in and out quickly.     
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           Introduction 

 Nephrolithiasis is a common disease. It is estimated that the lifetime risk of urinary 
tract stone formation is 5–15% and appears to be increasing in the United States. 
The disease affl icts men in excess of women in a 1.3:1 proportion [ 1 ,  2 ]. About 
12% of American population will develop renal stones by the age of 70 years. 
Patients with nephrolithiasis relapse at a rate of 50% within 5–10 years and 75% 
within 20 years [ 3 ]. Although the majority of patients with nephrolithiasis are man-
aged conservatively, surgical interventions remain the mainstay for more compli-
cated renal calculi. Traditional open surgical treatments essentially disappeared by 
the 1990s, after less invasive surgical approaches were introduced and refi ned. Two 
techniques, percutaneous nephrolithotomy (PCNL) and extracorporeal shock wave 
lithotripsy (ESWL), and their anesthetic implications are discussed.  

    Percutaneous Nephrolithotomy 

 Percutaneous nephrolithotomy (PCNL), fi rst reported in 1976 [ 4 ], rapidly elimi-
nated the need for open surgical therapy and today still remains the preferred treat-
ment modality for large (>2 cm) or complex renal stones and stone disease with 
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abnormal kidney anatomy. In comparison to noninvasive extracorporeal shock wave 
lithotripsy (ESWL), PCNL produces a higher stone-free rate of 79–95% [ 5 ] for 
large or complex calculi. PCNL is also necessary when stone or patient characteris-
tics do not make themselves amenable to successful or safe treatment with ESWL 
(Table  5.1 ) [ 6 ].

       Procedure Techniques 

 Classically, PCNL is done with the patient in a prone position. Whether an infra-
costal or supracostal approach is taken depends on both the location of the kidney 
relative to the ribs as well as the position of the stone within the kidney. Renal 
access is obtained by the insertion under fl uoroscopic or ultrasonic guidance of a 
needle to the stone site. A wire is then advanced through the needle and into the 
collecting system. The needle is removed over the wire and an incision along the 
wire is made to allow insertion and removal of successively larger dilators. Once 
the tract is suitably dilated, a sheath is placed over the last dilator, which is then 
removed. Next, a rigid nephroscope is placed through the sheath. Once the nephro-
scope is in place, a variety of lithotripters (ultrasonic, pneumatic, electrohydraulic, 
and laser) exist that are designed to be inserted through the nephroscope channel 
where they can then be visually directed to treat the stones and observe the surgical 
progress. An irrigation solution, also attached to the nephroscope, is used to fl ush 
stone fragments from the kidney and out of the nephroscope and to maintain a 
functional visual fi eld. This is either a passive, gravity-driven system where the 
height of the irrigation bag determines the irrigation fl uid pressure or the fl uid is 
connected to a pump that automatically adjusts fl ow to maintain the programmed 
pressure. The duration of the surgery (irrigation time) depends upon the complex-
ity of the disease, stone number, and their locations, but a typical procedure with 
uncomplicated disease can be expected to last 2–3 h. After completing the PCNL 
treatment, a catheter is placed into the pelvis to serve as a nephrostomy tube. If 
stones are large or diffi cult to treat, not only will the operative time increase, but 
additional procedures may be required [ 3 ,  6 ]. 

   Table 5.1    Contraindications to ESWL   

 Pregnancy 
 Severe skeletal deformities 
 Severe obesity 
 Aortic or renal artery aneurysm? 
 Urinary obstruction distal to stone 
 Uncontrolled anticoagulation 
 Uncontrolled hypertension 
 Uncontrolled urinary tract infection 
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 Over the past 35 years, the PCNL procedure described above has seen the intro-
duction of several innovations. Most notable are the use of the supine position, 
tubeless PCNL, and the so-called miniperc technique. 

  Supine Position:  PCNL in the supine position is safe [ 7 – 10 ]. The primary advan-
tages of surgery in this position are that the complications related to prone posi-
tioning are avoided, most prominently diffi culty with intraoperative ventilation 
for obese patients. Unfortunately, supine positioning can promote collapse of the 
collecting system, a smaller surgical fi eld, and increased diffi culty in upper-pole 
calyceal puncture [ 7 ]. 

  Tubeless PCNL:  Tubeless PCNL, which can be performed with a variety of tech-
niques, was fi rst introduced in 1997 [ 11 ]. At the end of the procedure, an internal 
ureteral stent or ureteral catheter is placed in most cases, but occasionally no drain-
age is placed at all [ 12 ]. The reported benefi ts of tubeless PCNL include fewer 
complications, lower cost, shorter hospital stay, lower analgesia requirements, and 
a quicker return to normal activities [ 11 – 14 ]. Hydrothorax, pseudoaneurysm, arte-
riovenous fi stulae, bleeding, and splenic injury are the reported major complications 
from tubeless PCNL [ 12 ]. 

  Mini-percutaneous Nephrolithotomy (Miniperc):  This procedure, introduced in 
1988, employs a smaller working sheath and nephroscope. Development of the 
miniperc technique stemmed from an effort to introduce PCNL to the pediatric pop-
ulation. Performed through a 13F Amplatz Sheath®, the hope was that procedure- 
related morbidity would be reduced [ 14 ]. However, clinical studies of the miniperc 
procedure have failed to demonstrate decreased perioperative morbidity or improve-
ment of perioperative pain management [ 15 ].  

    Anesthetic Considerations in PCNL 

 Commonly, general anesthesia with an endotracheal intubation is preferred for 
PCNL, although local anesthesia plus sedation and spinal anesthesia have also been 
successful [ 16 ,  17 ]. 

 Regardless of the anesthetic technique used, a thorough preoperative evaluation 
should be done for all patients prior to PCNL. This assessment includes not only the 
customary history and physical, but attention must also be paid specifi cally to elicit-
ing whether an existing urinary tract infection exists, if it has been treated, whether 
the patient is receiving anticoagulants, and the plan for perioperative antibiotic cov-
erage. Active urinary tract infection (UTI) and uncorrected bleeding diathesis are 
relative contraindications for the procedure. All anticoagulation medications includ-
ing aspirin and nonsteroidal anti-infl ammatory drugs (NSAIDs) are typically held 
for 5–7 days prior to surgery. Patients who are taking anticoagulation medications 
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should have suitable competence of coagulation established. Patients who are 
receiving antibiotic treatment for UTI should have a negative urinary test before 
surgery. Laboratory tests should focus on the issues revealed by the preoperative 
evaluation. In general, blood type and screen are recommended for the patients who 
are at high risk of intraoperative bleeding. Some of the bleeding risk factors are 
listed below. A preoperative discussion with the urologist will help clarify the surgi-
cal issues, confi rm the risk status, and elucidate proper selection, timing, and dose 
of antibiotic. 

 Nephrostography or retrograde ureteropyelography (RPG) is often used to iden-
tify the renal and upper urinary tract structure and locate the obstructions during 
PCNL. When radiographic iodinated contrast media (ICM) is used during any pro-
cedure, ICM-induced adverse reactions are possible. A previous adverse reaction to 
ICM, a history of asthma and atopy, dehydration, renal disease, and extremes of age 
are predisposing factors for developing a reaction to ICM [ 18 ]. However, ICM 
injected into the urinary tract is generally believed to present a far lower risk of 
adverse reaction than from intravenous injection. 

 ICM is often classifi ed as ionic versus nonionic and high osmolality versus low 
osmolality. One large Japanese case series of intravenous use of ICM revealed that 
the overall risk of adverse reaction was 12.7% with ionic ICM and 3.13% with non-
ionic ICM. Severe adverse reaction to ionic ICM had an incidence of 0.2%, fi vefold 
the risk of 0.04% from nonionic ICM [ 19 ]. A meta-analysis specifi cally addressing 
this question also found a higher risk of severe reactions with ionic ICM [ 20 ]. 

 Symptoms of adverse reactions may develop within 1 h after ICM administration 
(immediate reactions) or several hours to several days after administration of ICM. 
Controversy exists regarding prophylaxis and treatment for the adverse reactions 
to ICM. 

 Beyond typical anesthetic concerns, additional consideration must be given to 
the physiological changes and common complications associated with the PCNL. 
Kidneys are retroperitoneal organs. The right kidney lies adjacent to the 12th rib. 
The liver, duodenum, and the hepatic fl exure of the colon are all located in close 
proximity. The left kidney lies a bit more superiorly, near the 11th and 12th ribs, 
with pancreas, spleen, and the fl exure of colon nearby. Bilaterally, the kidneys are 
also in close proximity to the pleura. Most commonly reported organ injuries are 
due to these anatomic relationships. The major complications during PCNL include 
bleeding, bowel and collecting system injury, traumatic arteriovenous fi stula or 
false aneurysm, sepsis, atelectasis, pneumothorax, pleural effusion, and hemothorax 
[ 21 ,  22 ]. Even tetraplegia, presumably from a rare air embolus, is possible (personal 
communication; D Hegland, MD 1/20/2012). Munver et al. reported that the overall 
complication of PCNL was 8.3%. Compared to a complication rate of 4.5% during 
procedures approached with subcostal access, the rate of complication in supracos-
tal access cases was 16.3% [ 23 ]. The operative side also appears to infl uence overall 
procedural risk. Hopper et al. found that the right kidney had a higher rate of intra-
thoracic complications than the left kidney, 29% versus 14%, respectively [ 24 ]. 

 Although some complications are readily identifi ed during the procedure, many 
signs and symptoms are slow to develop, making early diagnosis and treatment 
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diffi cult. For instance, large irrigation volume obscures blood loss estimation and 
may delay recognition of hypovolemia, when beta-blockers and vasoconstrictors 
might also be in use. Shivering and high fever are obscured by general anesthesia 
with muscle relaxants and might not become evident until the patient has emerged 
from anesthesia. Hypotension from sepsis may be interpreted as hemorrhagic hypo-
volemia. Signs of pleural injury and pneumothorax can be subtle – never reaching 
the drama of a tension pneumothorax. Maintaining a degree of suspicion and close 
observation of the patient for the signs of respiratory distress and splinting postop-
eratively are important for prompt recognition and management. 

  Perioperative Infection Control and Sepsis Prevention:  UTI plays an important role 
in urinary stone disease. A bacteremia rate of 15% and a bacteriuria rate of up to 
35% can be expected following PCNL [ 25 ]. All patients who undergo PCNL should 
have prophylactic antimicrobial treatment. The American Urological Association 
(AUA) guidelines currently recommend prophylactic perioperative coverage con-
sisting of either a cephalosporin (fi rst/second generation), aminoglycoside, or metro-
nidazole. Ampicillin/sulbactam and a fl uoroquinolone are alternative therapies. 
Duration and doses of antibiotics vary but in general, a single dose is suffi cient for 
prophylaxis. Absent an indication for continued treatment, the prophylactic antimi-
crobial therapy should be discontinued within 24 h. With the exception of fl uoroqui-
nolones and vancomycin (which should be infused slowly over 60 min prior to 
incision), all antibiotics should be given within 60 min prior to skin incision [ 26 ,  27 ]. 

  Bleeding and Blood Transfusion:  For the patients who have the indications of bleed-
ing diathesis and liver disease, the coagulation profi le should be evaluated prior to 
surgery. Medications affecting coagulation including NSAIDs and aspirin are often 
discontinued from 1 to 2 weeks prior to surgery. For the patient who takes antiplate-
let medication(s) for cardiac protection, a cardiology consultation regarding periop-
erative management of anticoagulant therapy is recommended prior to discontinuing 
these medications. The most common bleeding is from a venous source from within 
the tract [ 28 – 30 ]. Placement of a large nephrostomy tube or clamping of the neph-
rostomy catheter will affect a tamponade, facilitate clot formation, and arrest of the 
hemorrhage. Occasionally, the bleeding is not amenable to these maneuvers, and 
angiography with embolization is necessary. Overall the rate of reported blood loss 
requiring transfusion is 0.4–23% [ 29 – 32 ]; the average decrease in hemoglobin for 
single puncture PCNL reported by Stoller ML et al. was 2.8 g/dL [ 33 ]. The risk of 
sustaining signifi cant hemorrhage is increased by diabetes, obesity, multiple-tract 
procedures, prolonged operative time, and intraoperative complications [ 30 ,  31 ]. 
Should these risk factors exist, closer observation of the patient’s hemodynamic 
status is warranted throughout the perioperative period. Hemoglobin and hematocrit 
laboratory results must be considered in the context of preoperative values, esti-
mated intraoperative blood loss, irrigation fl uid volume and pressure used, and sur-
gical duration because of a concern that the absorption of irrigation fl uid and the 
intravenous fl uid administered may obscure the diagnosis. Blood transfusion deci-
sions ultimately will be guided by the entire clinical course and the current picture. 
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  Supracostal Approach-Related Complications:  The supracostal approach to PCNL 
is understood to have an increased risk of adjacent organ injury, especially for intra-
thoracic complications, when compared to the subcostal approach. Complications 
from supracostal PCNL include pneumothorax, hydrothorax/hemothorax, vascular 
injury, pleural effusion, nephron-pleural fi stula, increased risk of intraoperative 
bleeding, and increased postoperative pain [ 34 ,  35 ]. Most of the symptoms stem-
ming from pleural injury are subtle and may not be appreciated during the proce-
dure. Consequently, one must remain vigilant to changes in peak airway pressure 
and oxygenation. Regular communication with the surgeon regarding the progress 
or diffi culties with the operation also promotes earlier awareness and allows prompt 
treatment. Postoperatively, in addition to routine monitoring of respiratory status 
and oxygenation saturation, all patients who have undergone supracostal access for 
PCNL should also receive a chest X-ray to exclude intrathoracic injury. 

  Positioning-Related Issues:    Prone position is the most common patient position for 
PCNL. Typically, the patient is induced and the trachea intubated on a transport bed 
(stretcher), and the patient is then rolled into the prone position on the operating 
table. For patients in whom an adequate imaging study cannot be obtained or in 
whom intravenous iodinated contrast dye is contraindicated, a retrograde pyelogra-
phy precedes renal access. In such cases, a lithotomy position for retrograde pyelog-
raphy and placement of ureteral injection catheter will be the initial position, before 
being turned prone. 

 The prone position alone is associated with a variety of position-related compli-
cations. To avoid cervical spine injury during positioning, the head should be held 
in a neutral position through the turn and positioning. The head is usually placed 
into a foam cushion that allows it to rest in a downward facing neutral position. 
Eyes, nose, and ears should be confi rmed to be free from pressure. Neck extension 
or head rotation could also impede carotid and/or vertebral artery blood fl ow and 
venous return. Appropriate padding protects pressure points and allows the viscera 
to hang in a dependent position, which serves to decrease intra-abdominal pressure. 
Pulmonary compliance is improved and ventilation-perfusion mismatch decreased. 
Increased intra-abdominal pressure impedes venous return and decreases cardiac 
output with an average decrease in cardiac index of 24% [ 36 ]. Obstruction to infe-
rior vena cava (IVC) blood fl ow causes venous engorgement upstream of obstruc-
tion and aggravates surgical site bleeding. 

 The etiology of peripheral nerve injury is usually multifactorial, requiring both a 
direct pressure and stretch component. When hypotension or anemia is superim-
posed, the magnitude of the pressure and stretch needed to cause injury is lessened. 
Neural structures experiencing any pressure or stretch ranging from the eyes, bra-
chial plexus, ulnar nerve, to common peroneal nerve are at risk. 

  The effects of irrigation:  The large volume of irrigation fl uid used during PCNL can 
decrease body temperature. Hence, monitoring core temperature is routine. Even 
when convective body warming and warmed intravenous fl uids were administered, 
Rozentsveig et al. reported that the esophageal temperature still decreased from a 
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mean baseline value of 36.4 °C to 35.2 °C during PCNL [ 37 ]. The importance of 
incorporating an appropriate irrigation fl uid warmer in addition to the other patient 
warming aids in more common use during PCNL is underscored. Currently, fl uid 
absorption during PCNL has not been identifi ed as a signifi cant risk. There is insuf-
fi cient evidence to support that fl uid absorption confers any signifi cant clinical 
effects on blood pressure, heart rate, electrolyte balance, and metabolic changes [ 38 , 
 39 ]. Nevertheless, caution should still be exercised for patients who will not tolerate 
additional fl uid as some absorption of irrigant is likely.  

    Anesthesia Considerations in ESWL 

 While PCNL remains a common method for treating urinary tract stone disease, 
with the development of extracorporeal shock wave lithotripsy (ESWL), it has been 
supplanted as the primary treatment modality for most patients. ESWL was intro-
duced into clinical practice in 1980 [ 40 ] and is now the fi rst-line surgical treatment 
for about 90% of kidney and ureteral stone disease [ 6 ,  41 ,  42 ]. As with PCNL, treat-
ment recommendations vary based on location, composition, and size of the stones 
(Fig.  5.1 ) [ 6 ,  43 – 45 ], but convincing evidence suggests that the vast majority of 
renal stones, with only a few exceptions (Table  5.2 ) [ 46 ,  47 ], can be adequately 
addressed by ESWL [ 48 ].

       Fundamentals of Lithotripsy 

 ESWL fractures stones into small fragments which can be passed in the urine. This 
effect is accomplished by targeting and then focusing shock waves on the small 
volume occupied by the stone. Ultimately, the energy of the waves overcomes the 
tensile strength of the stone. Various mechanisms by which the energy of the shock 
waves produces stone fragmentation have been postulated. Compressive and ten-
sile forces as well as cavitation from rapid expansion and dissolution of gas bub-
bles are likely the predominant mechanisms. Effective lithotripsy relies on 
transmission of relatively unattenuated shock waves through the water density 
of the tissues until they arrive at the focal point, aimed to be coincident with the 
different density of the stone. 

 Lithotripters must accomplish four functions:
    1.    Precisely locate the stone target.   
   2.    Generate powerful acoustical shock waves.   
   3.    Project and focus the shock waves on the small volume occupied by the target.   
   4.    Couple the generator to the patient.     

 Fluoroscopy and ultrasonography are used to visualize and target the stone and 
to determine the focal point of the shock waves. These modalities allow the proce-
duralist to follow the progress of treatment and to make appropriate adjustments to 
power, shock wave delivery rate, and aim. Fluoroscopy was utilized in the fi rst- 
generation systems. It is excellent at detecting radiopaque stones. It can also be used 
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  Fig. 5.1    Typical management paradigms for renal and ureteral stones       

   Table 5.2    Conditions when management 
with ESWL is uncommon  

 Large, impacted upper ureteral stones 
 Concomitant renal stones 
 Previous urinary diversion 
 Presence of renal transplant 
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in conjunction with the introduction of contrast media for visualizing radiolucent 
stones. Ultrasonography, which was introduced with second-generation machines, 
can visualize all types of stones without the allergic or nephrotoxicity risk associ-
ated with the use of intravenous contrast. Additionally, ultrasonography has the 
advantage of being a more economical system, allowing continuous real-time imag-
ing and, of course, eliminates any risk of the patient or provider receiving any ion-
izing radiation. Acoustic imaging with ultrasound has predictable technical 
limitations including poor visualization in obese patients or when the stone is 
obscured by air-fi lled loops of bowel. It is also less effective at visualizing small 
stones. Many newer systems allow the proceduralist to use either modality, switch-
ing between the two as desired. 

 The original lithotripter (Dornier HM3 ® ) utilized an electrohydraulic shock wave 
generator. In this system, high-voltage electrical current is passed through an elec-
trode (known as a “spark gap”) which is placed in a water bath. When the spark gap 
fi res, it causes a gas bubble to form by vaporization. Rapid expansion and collapse 
of the bubble generate the therapeutic pressure waves. Later generations of litho-
tripters utilized arrays of piezoelectric crystals to generate the pressure wave. 
Electromagnetic generators utilize an electromagnetic fi eld to create vibration in a 
metallic membrane. The membrane then creates acoustic pressure waves. 

 Acoustical waves must be focused on a relatively small focal point to deliver suf-
fi cient energy to fragment a stone. The original fi rst-generation systems focused the 
electrohydraulically generated wave by means of a metal ellipsoid. Piezoelectrical 
systems focus the waves through the hemispheric orientation of the crystal array. 
Electromagnetic systems rely on a cylindrical refl ector or acoustic lens to focus the 
waves. The newer systems allow a tighter focusing of the waves. More tightly 
focused waves deliver higher energy to a smaller treatment volume, offer shorter 
treatment times, and lead to less signal attenuation in nontarget tissues. 

 As the shock wave is propagated through tissue planes, energy is lost (trans-
ferred) at every interface where the wave enters a tissue with a different density. As 
the human body is near water density, water is commonly used as a coupling media 
to deliver, with the least attenuation, the most energy into the body. The original 
Dornier HM3 ®  model involved placing the patient in a water bath to couple the 
acoustic wave to the patient. The obvious safety concerns involved with immersing 
a patient to the neck under general anesthesia, so that a high-energy shock wave 
originating underwater will couple to the patient, have relegated this technique to a 
historical note. Second- and later-generation systems utilize water-fi lled cones or 
cushions as well as silicone membranes and/or gel to allow an air-free coupling of 
the wave to the patient.  

    Anesthetic Considerations 

 As the ESWL acoustic waves travel to the target focal point, any anatomical struc-
ture passed may experience shock wave-induced stress or cavitation including skin, 
lumbar muscles, periosteum of rib or vertebrae, and the renal capsule [ 49 – 51 ]. 
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Treatment parameters such as applied voltage, focal point pressure, and volume of 
treated tissue affect the experience of pain [ 52 ]. Early ESWL treatments were so 
painful they required either neuraxial or general anesthesia. ESWL manufacturers 
have developed machines with lower applied voltage and markedly decreased focal 
point volume. These changes maintain similar or only modestly decreased focal 
point pressures while dramatically reducing energy density. This reduction in 
energy translates to less pain, allowing most treatments to proceed with sedation 
and analgesic regimens and, notably, to be performed on ambulatory patients in an 
outpatient setting [ 53 ]. Unfortunately, these newer systems may result in higher 
retreatment rates [ 54 ]. 

 Numerous attempts have been made to block the cutaneous discomfort of ESWL 
treatment. Local anesthetic infi ltration [ 55 ], intercostal nerve blocks [ 56 ], and topi-
cally applied lidocaine/prilocaine mixtures (EMLA ®  cream, Astra Pharmaceuticals 
Products Inc., Westborough, MA, USA) have all been used. Although these tech-
niques decreased cutaneous pain at lower energy settings, they did not seem to infl u-
ence sedative or narcotic requirements at higher treatment energies [ 50 ,  57 – 60 ]. 

 Modern anesthetic management of routine ESWL treatments on adults has cen-
tered on providing effective sedative/analgesic regimens. Various techniques includ-
ing meperidine and promethazine [ 52 ], midazolam with alfentanil [ 61 ], fentanyl 
[ 62 ], and ketamine have all been successfully used. Considerable research on the 
use of alfentanil by various routes (physician-controlled infusion, patient-controlled 
analgesic (PCA), and pharmacokinetically based target-controlled infusions) has 
shown this drug to be very effective [ 49 ,  53 ,  62 ]. 

 More recent studies have looked at propofol or dexmedetomidine in combination 
with fentanyl, morphine, or ketamine [ 63 – 65 ]. All have been effective, but in a 
comparative study [ 66 ], dexmedetomidine with low-dose fentanyl yielded better 
pain relief as measured by Visual Analog Scale. The dexmedetomidine group also 
had higher oxygen saturation (SpO 2 ) and a lower respiratory rate. The authors sus-
pected (although they did not actually measure) that tidal volume was larger in the 
dexmedetomidine group, a change that could lead to greater stone excursions with 
respiration and make treatment more diffi cult. Interestingly, no score of the proce-
duralist’s satisfaction with the adequacy of sedation or operative conditions was 
reported in this study. 

 The movement of stones during treatment is undesirable because it moves the 
target from the focal point where the shock waves are strongest. The two conse-
quences are that treatment time will be prolonged as shock wave delivery is sus-
pended until the stone returns to the treatment focal zone or, if shocks are not 
interrupted, the tissue coming into the focal zone will receive that energy and may 
become injured. Spontaneous ventilation has been shown to displace stones over 
12 mm. Even such small movements can increase treatment times [ 67 ]. Various 
measures can decrease stone excursion. During procedures performed with sponta-
neous ventilation, adequate sedation can decrease stone excursion to about 5 mm 
[ 66 ]. Abdominal binders have also been shown to reduce stone excursions [ 68 ]. 

 It is important for anesthesiologists to be aware of the profound effect that mechan-
ical ventilation can have on stone excursion. When controlled ventilation is required, 
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it is possible for stone excursion to exceed 60 mm [ 69 ]. To address treatment of a 
dynamic target during conventional mechanical ventilation, shock wave delivery can 
be timed to coincide with end exhalation. Thus, shock waves are delivered only dur-
ing the time the stone is in the focal point. Predictably, this type of synchronization 
with respiration signifi cantly prolongs treatment times. However, utilization of high-
frequency jet ventilation (HFJV) can reduce stone excursions during ventilation to a 
mere 2.2 mm and eliminate the need to time shock wave delivery. This technique is 
limited only by the necessity for special equipment and technical problems such as 
the limitations of capnography with HFJV. 

 Cardiac dysrhythmias were observed in 80% of patients who were treated with 
fi rst-generation lithotripters [ 70 ]. Cardiac excitation likely occurs by two distinct 
mechanisms. In the early electrohydraulic machine, a microshock could be trans-
mitted to the patient, resulting in premature electrical stimulation of the heart. In all 
machines, the shock wave may indirectly induce dysrhythmias through mechanical 
excitation of the heart [ 70 – 73 ]. To avoid R-on-T-wave phenomena, most machines 
can be ECG gated, which requires that the electrocardiogram be synchronized with 
the ESWL and only allows shocks immediately after R waves. As with gating to the 
respiratory cycle, total treatment time is increased. Because the majority of dys-
rhythmias are benign, such as brief supraventricular tachycardia or premature ven-
tricular contractions, and are less frequent with newer machines, most authors 
recommend starting with an un-gated setting and only switching to ECG gating if 
dysrhythmias occur [ 70 ,  74 ]. As severe dysrhythmias have been reported, it is 
important that the anesthesiologist is aware of these phenomena [ 75 ,  76 ]. 

 As with many procedures, young children undergoing ESWL present additional 
challenges. Traditionally, general anesthesia was often utilized [ 77 – 80 ]. Like adults, 
most pediatric patients can be managed with a sedative/analgesia regimen. A num-
ber of techniques have been successful including propofol/fentanyl/atropine [ 81 ], 
ketamine [ 82 ], and midazolam/ketamine [ 77 ]. Recently, a study found dexmedeto-
midine/ketamine to be superior to midazolam/ketamine with similar effi cacy and a 
faster recovery time [ 64 ]. 

 Another group of patients requiring special attention is those with a spinal cord 
injury, particularly at or above T6. The syndrome of autonomic hyperrefl exia, with 
severe hypertension, proximal vasodilatation, and bradycardia, has been reported 
in up to 95% of at-risk patients undergoing ESWL [ 83 ]. Neuraxial or deep general 
anesthesia should be considered in these patients, and contingencies to treat symp-
toms with appropriate vasodilator therapy should be made [ 84 ,  85 ]. If neuraxial 
anesthesia is provided, meticulous care should be taken to avoid introducing air 
into the epidural or subarachnoid space [ 86 ]. The presence of air near the spinal 
cord puts it at risk of damage from the release of energy at the air-tissue acoustical 
interface [ 86 ]. 

 Patients with pacemakers and automatic implantable cardioverter-defi brillators 
(AICD) may be treated with ESWL. Typical precautions include consultation with 
the patient’s cardiologist, turning AICDs off, switching pacers to asynchronous or 
one-chamber sensor mode, always using cardiac gating [ 87 ], and acoustically 
shielding the posterior 11th and 12th rib area with foam [ 79 ,  88 ].  

5 Extracorporeal Shock Wave Therapy and Percutaneous Nephrolithotripsy



86

    Complications of ESWL 

 Nausea and/or hypoventilation has been reported in up to 20% of patients [ 53 ,  62 , 
 66 ,  67 ] and can generally be treated conservatively. Interestingly, one study of pedi-
atric patients showed that nausea and vomiting were more effectively controlled 
with aggressive intraoperative analgesia than by additional intraoperative antiemetic 
administration [ 89 ]. 

 Surgical complications include post-treatment urinary obstructions by fragments 
which occur in 2.6–24% of patients and complications related to acoustic energy 
being delivered to nontarget tissues [ 90 – 93 ]. However, various parameters such as 
stone size, location, or treatment parameters such as voltage or number of shocks 
have not correlated with incidence or severity of collateral tissue injury. Subcapsular 
renal hematomas resulting from ESWL treatment have been reported in as many as 
3.8% of patients, whereas parenchymal hematomas have been reported in 3.1% 
[ 94 ]. Preexisting hypertension (diastolic blood pressure > 90 mmHg) has been 
implicated in subcapsular hematoma formation [ 95 ]. Patients present within hours 
of ESWL with fl ank pain or scrotal discoloration [ 96 – 98 ]. Defi nitive diagnosis gen-
erally requires CT evaluation [ 98 ]. Conservative management is generally all that is 
required, but up to 33% of patients require transfusion [ 99 ]. 

 The proximity of the aorta to ESWL targets and the relative high incidence of 
calcifi cation in abdominal aortic aneurysms (AAA) suggest that the possibility 
of injury to the aorta during treatment must be recognized. ESWL-induced rupture 
of aneurysmal dilation has been reported and may occur immediately or be delayed 
even up to several weeks [ 100 – 103 ]. Because of this concern, at-risk patients are 
screened for AAA. Some authors suggest that ESWL for renal calculi can be safely 
performed in patients with AAA if the stone can be located with high accuracy, no 
more than 2,000 shocks are delivered, generator energy does not exceed 20 kV, and 
vital signs can be continuously monitored [ 104 ]. 

 Lastly, damage to other organs such as splenic rupture [ 105 ], small bowel perfo-
ration [ 106 ], hepatic hematomas [ 106 ], and thoracic epidural hematoma [ 107 ] has 
also been reported with ESWL. Fortunately, major complications requiring surgical 
intervention are rare.   

    Conclusions 

 The introduction of, fi rst PCNL then ESWL, and subsequent improved techniques 
and equipment to treat nephro- and urolithiasis have made the anesthetic manage-
ment for these procedures far easier. The management of surgical pain, position- 
related physiological changes, and threats to nearby structures requiring vigilance 
remain the mainstay of modern anesthetic focus.     
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           Introduction 

 Urologic pathology covers a wide swath of diseases in male and female patients. 
Many urologic tumors can be treated surgically. This chapter focuses on the unique 
characteristics of providing anesthesia for laparoscopic and robotic-assisted surger-
ies of urologic tumors. Traditional open surgical approaches have given way to 
minimally invasive surgery. Both laparoscopic- and robotic-assisted surgeries are 
labeled as minimally invasive surgery (MIS), which by defi nition is less invasive 
than open surgery yielding the same result. The term “minimally invasive surgery” 
was fi rst described in 1987 by Wickham and published in the British Medical 
Journal [ 1 ]. One of the fi rst reported uses of a robot in urology was that of the 
PROBOT in 1989. It was developed for robotic-assisted transurethral resection of 
the prostate (TURP) [ 2 ,  3 ]. 

 The fi rst surgeon-driven device to receive FDA approval was the Automated 
Endoscopic System for Optimal Positioning (AESOP). This simple device attached 
to the surgical table and was a voice- or foot-activated laparoscopic camera holder. 
It was used to perform minimally invasive prostatectomies. 

 The dominant robotic system in use today is the  da Vinci  system from Intuitive 
Surgical (Sunnyvale, CA, USA). The device was initially used in cardiovascular 
surgery [ 4 ], but robotics soon found a place in urologic surgery. What began in urol-
ogy as use for the surgical treatment of prostate cancer has expanded to include 
almost all urologic surgical procedures. A partial list of urologic procedures per-
formed to date include prostatectomy, cystectomy, cystoprostatectomy, partial and 
complete nephrectomy, ureterectomy, ureteral reimplantation, adrenalectomy, and 
retroperitoneal lymph node dissection. 
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 The minimally invasive approach has advantages over the traditional open 
approach but places different demands upon the anesthesiologist. Several advan-
tages are as follows: a faster return to normal activities, less blood loss, less pain, 
and a shorter hospital stay [ 5 – 9 ]. 

 Urologic cancers and their treatment are not inconsequential. To put urologic 
cancers in perspective, studies of the prevalence and economic costs of just bladder, 
prostate, and kidney cancer show that they consume a signifi cant portion of health-
care resources (Table  6.1 ). Cancer of the bladder is the ninth most common cancer 
worldwide with approximately 350,000 new cases per year; it claims roughly 
145,000 lives annually. Rates in men are three to four times greater than in women 
[ 10 ]. Prostate cancer is the most common non-skin malignancy in men [ 11 ] and is 
responsible for more deaths than any other cancer, except for lung cancer. One in 
about six men will be diagnosed with prostate cancer and about 1 in 34 men will die 
of it [ 12 ]. Kidney cancer is diagnosed in about 190,000 people worldwide [ 13 ].

       Perianesthetic Management 

    Preanesthetic Assessment 

 The preanesthetic assessment consists of a history and physical exam of the patient, 
a review of the medical record, laboratory tests, and other tests. An anesthetic plan 
is developed based not only on the patient’s physical status determined by the 
assessment but on how the patient will tolerate pneumoperitoneum and body posi-
tion during the surgery. The establishment of a high intra-abdominal pressure (IAP) 
due to pneumoperitoneum and body position is a major factor for possible cardio-
pulmonary derangements intraoperatively. Factors such as obesity and the degree of 
Trendelenburg can intensify the adverse effects of high IAP in the patient and should 
be considered into the overall anesthetic plan. A search for issues such as a diffi cult 
airway, cardiopulmonary status, allergies, medications, and comorbid conditions is 
essential. A well-thought-out plan based on patient factors, operative factors, and 
patient position can reduce or eliminate complications.  

    Choice of Anesthesia 

    General Anesthesia 
 Once the patient is determined to be an acceptable candidate to proceed to the oper-
ating room the most common anesthetic plan is general anesthesia. There are sev-
eral recommendations for specifi cally managing various types of robotic-assisted 
urologic surgery [ 14 ,  15 ]. General endotracheal anesthesia is chosen to counter the 
adverse conditions created by the pneumoperitoneum, patient positioning, and sur-
gical time. Pneumoperitoneum and patient positioning impede normal respiratory 
mechanics. Placement of an endotracheal tube allows the ventilator to supply the 
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work necessary to breathe. An endotracheal tube also protects the airway. Gastric 
secretions are commonly seen in the oropharynx or on the face of patients at the end 
of surgery. The increased intra-abdominal pressure and the head-down position 
increase the risk for a backward movement of gastric effl uent. These conditions as 
well as long surgical times favor the use of a general anesthetic. Surgeons new to 
robotic surgery have not acquired the effi ciency compared to high-volume surgeons, 
and the operative time is often prolonged. There is a learning curve with decreasing 
length of surgical time as experience increases. General anesthesia also allows the 
use of muscle relaxants. Muscle paralysis reduces the increase in intra-abdominal 
pressure needed for the same degree of abdominal distention [ 16 ]. A secure large- 
bore IV intravenous catheter (at least an 18 gauge) is necessary because of the 
chance for signifi cant blood loss. The placement of an arterial line may be indicated 
if the patient’s medical condition warrants closer blood pressure monitoring. 
Placement of these devices should be accomplished before robotic surgery begins in 
that access to the patient is severely limited once surgery is underway.  

    Neuraxial Anesthesia 
 Although there are reports of the use of spinal anesthesia alone for laparoscopic 
procedures, [ 17 ] it may not be prudent for robotic surgery. The envelopment of the 
patient by the robot is claustrophobic; the need for spontaneous ventilation and long 
operative times often lead to patient movement, perhaps causing patient injury and 
the need to change the anesthetic technique under less than ideal circumstances. The 
use of epidural anesthesia for short outpatient diagnostic laparoscopic gynecologic 
procedures has been described [ 18 ]. Epidural anesthesia has the same drawbacks as 
spinal anesthesia for robotic surgery. Combining general anesthesia with epidural 
analgesia in surgical cases has a wide range of benefi cial effects. Pain scores 
improve, less narcotics are required, and the incidences of ileus, nausea and vomit-
ing, sedation, and cardiac and pulmonary morbidity are decreased [ 19 – 22 ]. The 
majority of these benefi ts were analyzed in traditional surgical cases but are assumed 
to translate to robotic surgical cases. A greater benefi t is noted when using thoracic 
epidural analgesia versus lumbar epidural analgesia. In order to provide the benefi ts 
of neuraxial anesthesia and meet the requirements of general anesthesia for robotic 
surgery, combining a single-shot spinal anesthetic with general anesthesia has been 
described [ 15 ]. The addition of epidural anesthesia for pain control in prostate can-
cer patients undergoing open radical prostatectomy was associated with a reduced 
risk of clinical cancer progression [ 23 ]. Additional research is needed before this 
practice can become a recommendation.  

    Local Anesthesia 
 In addition to the use of local infi ltration of local anesthetic at the port sites, a 
regional technique is available for use in urologic robotic surgery; the transversus 
abdominis plane block. The transversus abdominis plane (TAP) block is well suited 
for robotic-assisted laparoscopic radical prostatectomy. It is a simple block that can 
be performed quickly and in the supine position. The TAP block can be performed 
either by landmarks or with ultrasound guidance. It was initially a landmark-guided 
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technique [ 24 ] eventually followed by an ultrasound-guided technique [ 25 ]. 
Recently a variation of the original TAP block, a subcostal TAP block, has been 
described [ 26 ]. Injection of local anesthetics into the intermuscular plane can pro-
vide anesthesia to the skin, muscles, and parietal peritoneum of the anterior abdomi-
nal wall. These blocks have been shown to provide good postoperative analgesia for 
a variety of surgical procedures [ 27 ,  28 ]. A bilateral TAP block can cover the lower 
abdominal surgical fi eld involved in robotic prostatectomy. Care must be taken to 
not exceed recommended local anesthetic doses and cause toxicity. There have been 
several reported complications with the landmark technique, including intraperito-
neal injection, femoral nerve palsy, bowel hematoma, and intrahepatic injection 
[ 29 ]. Using ultrasound guidance allows more exact placement of the local anes-
thetic to the transversus abdominis plane and helps avoid inadvertent injections into 
the wrong tissues.   

    Monitoring 

 The standard American Society of Anesthesiologists (ASA) monitors must be used 
in minimally invasive surgical cases. These include noninvasive blood pressure, 
electrocardiogram, pulse oximetry, capnography, and thermometer. Regional and 
national requirements for preoperative antibiotics, venous thromboprophylaxis, 
patient identifi cation, and verifi cation of correct surgery and side are required before 
the start of surgery. The norm is to accomplish these tasks in the peri-induction 
period. Placement of invasive monitors such as an arterial line and/or a central line 
(see above) depends upon patient and surgical factors. Though not mandatory, the 
arterial pressure monitor is useful to monitor the unpredictable hemodynamic 
responses (severe bradycardia, hypertension, hypotension, tachycardia) during the 
procedure and allows real-time pressure readings in patients with comorbidities. 
This invasive monitor is relatively low risk and allows the anesthesiologist to more 
quickly respond to hemodynamic changes. Access to the upper extremity is limited 
once the robot is docked so the placement of an arterial line should be performed 
prior to docking. 

 Nasogastric tube decompression of the stomach and Foley catheter drainage of 
the bladder is basic procedures for most urologic laparoscopic surgeries. At our 
institution, in collaboration with our surgeons, we no longer routinely place naso-
gastric tubes prior to robotic prostatectomy because it did not improve the surgical 
conditions. Deviation from the practice of stomach decompression can be done if 
both the surgeon and anesthesiologist agree upon it. 

 Hypothermia is common beginning with the disruption of thermal regulation due 
to anesthesia. Using a sterile preparation solution at room temperature in a cool 
room adds to the heat loss. Continuous heat loss can occur due to the insuffl ation of 
large amounts of cold carbon dioxide gas into the peritoneum throughout the case. 
Warm fl uids can be infused and the room temperature can be increased to mitigate 
hypothermia. Forced-air warmers can be used but the diffi culty comes in fi nding a 
body surface to cover with the warming blanket. At the very least, an upper body 
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warmer can cover the chest and head. However, there have been recent studies 
 proposing that forced-air warming disrupts the intended operating room air fl ow 
which clears the contaminants from the site of surgery, leading to an increased 
chance of infection [ 30 ,  31 ]. New technology such as the Hot Dog ®  warmer uses a 
conductive fabric to warm patients.  

    Anesthesia Complications 

 Avoidance and/or minimization of anesthesia complications starts with knowing the 
patient and understanding the physiologic burdens placed upon the cardiopulmo-
nary system due to pneumoperitoneum and patient positioning. Anesthetic compli-
cations are addressed through that prism: anesthetic strategies to minimize 
hemodynamic changes due to pneumoperitoneum and patient position. An animal 
study examined three different therapeutic approaches: one was to increase the 
intrathoracic blood volume with colloids, the second was to reduce sympathetic 
activity with esmolol, and the third was to decrease mean arterial pressure using 
sodium nitroprusside [ 32 ]. The authors found that increasing the intrathoracic blood 
volume improved hemodynamic function in all body positions with pneumoperito-
neum. Esmolol reduced cardiac output and myocardial contractility. Sodium nitro-
prusside did not improve hemodynamic function. Other than stating that fl uid 
management is the most important element for minimizing pneumoperitoneum side 
effects, no recommendations can be made as to the type of fl uid to use, how much 
to give, what are the fl uid end points, and how to monitor the patient.  

    Surgical Complications 

 Complications are part of robotic surgery just as they are following open proce-
dures. The majority of reported complications in MIS are surgical in nature. They 
are more likely to occur in the beginning phases of a robotic program. In a multi- 
institutional study of 185 patients, complications occurred in 16% of patients. Of 
these complications, 71% occurred during the initial 20 cases at each institution 
[ 33 ]. Thermal injury, instrument trauma, inadvertent dissection, trocar misplace-
ment, and careless robotic instrument changes can all cause perforation and/or 
bleeding. Disruption of organs or tissue can be repaired. Bleeding can be corrected 
in a timely and non-emergent fashion with endoscopic clips or staplers, direct pres-
sure, cautery, fi brin sealants, and increase of the insuffl ation pressure. In order to 
minimize the risk of a venous air embolus, the insuffl ation pressure should be set at 
a level below the venous pressure. Large rapid bleeding must be quickly corrected. 
In this scenario synchronous, coordinated actions are required by the entire operat-
ing room team if the surgeon elects to convert to an open procedure. Undocking the 
robot and repositioning the patient occur as the anesthesiologist is preparing for a 
possible rapid and robust resuscitation. Practicing a simulated emergency with 
undocking of the robot is a valuable experience to prepare for the real situation.  
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    Fluids 

 Given the above animal study and clinical experience, it is very benefi cial to have a 
normovolemic patient. How to achieve that is diffi cult. Unfortunately the best 
advice is to “give the patient as much as they need and not a drop more.” Until goal- 
directed therapy is common across all cases, the anesthesiologist is given wide lati-
tude in what type of fl uid to give, what rate to give it, and to what fi nal amount. The 
technology that is currently available to guide the anesthesiologist in the optimal 
use of intravenous fl uids using cardiac output includes the traditional pulmonary 
artery catheter, thoracic bioimpedance, esophageal and transgastric Doppler tech-
niques, endotracheal cardiac output monitor (ECOM), and pulse contour waveform 
analysis from the axillary or femoral artery. Measuring cardiac output strictly to 
guide fl uid therapy in low- or moderate-risk surgical procedures is labor intensive 
and not routinely performed with the exception of ECOM. Less-invasive techniques 
using the arterial wave form and the pulse oximetry wave form are available that 
assess for fl uid responsiveness. Fluid responsiveness is defi ned as an increase in 
stroke volume (or cardiac output) in response to a fl uid challenge of greater than 
15%. The limitations for the use of these dynamic parameters for fl uid responsive-
ness is that patients are receiving general anesthesia, mechanically ventilated, tidal 
volume > 8mL/Kg, no arrhythmias, and possibly no right ventricle dysfunction. 
Managing fl uid administration via goal-directed therapy is beyond the scope of this 
chapter. Either end of the volume spectrum is detrimental to the patient. A hypovo-
lemic patient can be an unstable patient hemodynamically. A hypervolemic patient 
may suffer the increased risk of bowel dysfunction, anastomotic leak, wound infec-
tion, and cardiovascular complications [ 34 ,  35 ]. Adding to the complexity a normo-
volemic patient for robotic surgery may be a hypovolemic patient for an open 
procedure. Given the decreased blood loss, decreased insensible loss, and decreased 
urine output due to insuffl ation pressures, less fl uid is needed than in the corre-
sponding open procedure. Blood replacement is less common in the robotic proce-
dure versus an open procedure but still can occur and be occult [ 36 ].   

    Equipment 

    The Robot and Equipment 

 Anesthesiologists have a long history of equipment and machine use for patient 
care. Ventilators, monitors, and ultrasound machines are commonplace. Having a 
working knowledge of what the equipment does, how to operate it, and more impor-
tantly how to troubleshoot it allow us to overcome intraoperative obstacles and 
machine failures. 

 Currently the dominant system for robotic surgery is the  da Vinci  Surgical 
System, also known as the Endoscopic Instrument Control System. There are no 
major competitors to date. A robot device is “a powered, computer controlled 
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manipulator with artifi cial sensing that can be reprogrammed to move and position 
tools to carry out a wide range of tasks” [ 37 ]. It can function independently. Robotic 
systems used in surgery are computer-assisted devices, more accurately defi ned as 
telemanipulators. The surgeon is able to manipulate surgical instruments as if their 
hands were in the surgical fi eld. The robot performs tasks under the surgeon’s con-
trol and enhances his/her manual dexterity. The current confi guration of the  da Vinci  
system has three components: the surgeon console (see Fig.  6.1 ), the patient cart 
(see Fig.  6.2 ), and the vision cart (see Fig.  6.3 ). The surgeon sits at the surgeon 
console outside of the sterile operative fi eld and controls instruments and a three- 
dimensional endoscope with hands and feet using two master controllers for the 

  Fig. 6.1    Surgeon console       

  Fig. 6.2    Patient cart       
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hands and variously confi gured foot pedals. The system is designed to align the 
eyes, hands, and instruments in a way that simulates open surgery. The surgical 
instrument tips operate just as if they were in the surgeons’ hands even though they 
are being manipulated via the master controllers. Further refi nement is provided by 
motion scaling and tremor reduction. A one unit measure of motion of the surgeons’ 
hands can be translated to a one-half unit or two unit measure of motion at the surgi-
cal site.

     The patient cart is what most patients refer to as “the robot”. It is the operative 
component of the system and works in the sterile fi eld. The surgeon has three work-
ing arms (see Fig.  6.4 ) available and a three-dimensional endoscope or camera. 
While the surgeon sits at the console, a bedside assistant works in the sterile fi eld 
along with the robot. To aid in patient safety, the actions of the bedside assistant on 
the robot take precedence over the commands of the surgeon at the console.

  Fig. 6.3    Vision cart ( far right )       

  Fig. 6.4    Robotic arm 
(one of three)       
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   The third part is the vision cart, which is outside of the sterile fi eld and houses 
the imaging processing equipment. It also can have a monitor allowing the bedside 
assistant to view the procedure in a two-dimensional mode. There is space for ancil-
lary equipment. 

 Several other important concepts about the system are the endoscope and the 
instruments. The endoscope or camera is able to create a three-dimensional view for 
the surgeon via a fi ber optic cable; light traverses the length of the endoscope and 
illuminates the operative fi eld. The surgical site is then viewed and images captured 
by a right and left channel on the endoscope. Images from these two separate chan-
nels are processed and can be viewed in real time in three dimensions by the sur-
geon. The number and type of instruments that actually touch and manipulate 
patient tissue via the robot is increasing constantly. The big step-up evolutionarily 
was the development of instruments with “wrists.” These instruments provide natural 
dexterity and a greater range of motion than the human hand. The entire system is 
designed to allow cutting, dissecting, retracting, and suturing with minimal damage 
to normal surrounding tissue. What the robot cannot simulate is tactile sensation or 
haptics, and research is continuing to allow the surgeon to “feel the tissue.”  

    Robot Reliability 

 The complexity of the Endoscope Instrument Control System rivals any other oper-
ating room equipment. The size and weight alone necessitate operating room logis-
tical considerations. The surgeons’ console weighs ~363 kg (~800 lbs.), the patient 
cart ~544 kg (~1,200 lbs), and the vision cart ~91 kg (200 lbs). Given the complex-
ity of this system, how reliable is it? The literature does try and answer these ques-
tions though studies use different methods and end points. Clearly intraoperative 
device failure impacts anesthetic care. At our institution, we examined 1,033 
robotic-assisted laparoscopic cases across a variety of surgical specialties examin-
ing intraoperative robot system malfunction [ 38 ]. The case distribution was 55 cases 
for general surgery, 48 cases for gynecology-oncology, 43 cases for thoracic sur-
gery, and 887 cases for urologic surgery. In no instances was the patient harmed or 
the surgery aborted. In 16 cases, a serious robotic malfunction occurred. In 10 cases, 
the malfunctioning robot was exchanged for another robot intraoperatively. The 
average time to remove and replace the malfunctioning robot was 24.5 min. The 
robot was shut down and restarted in two cases correcting the malfunction. The fi nal 
four cases were completed using three functional arms or converting to laparoscopy. 
The overall serious robotic system malfunction rate was 1.54%. Considering the 
complexity of the robot, the overall incidence of failure may be considered as low. 

 Lavery et al. [ 39 ] examined robotic equipment malfunction across multiple insti-
tutions during robotic-assisted prostatectomy using a questionnaire to high-volume 
experienced surgeons. The total case volume was 8,240. Critical failure occurred in 
34 cases (0.4%). Twenty-four of these critical malfunctions were prior to the proce-
dures and the cases were cancelled. Of the remaining 10 cases, two were completed 
laparoscopically and eight were converted to open procedures. The authors 
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concluded that in high-volume institutions performing robotic prostatectomies, 
critical system malfunction is rare and in experienced hands the  da Vinci  robotic 
system is reliable. Borden et al. [ 40 ] examined their experience with the fi rst 350 
robotic- assisted prostatectomies. Nine (2.6%) of the cases could not be completed 
robotically because of device malfunction. Six of these situations were detected 
prior to surgery and rescheduled. In three cases, there were intraoperative critical 
malfunctions; one case was completed laparoscopically and two were converted to 
open procedures. They also concluded that device malfunction was uncommon. 

 A review of the FDA’s Manufacturer and User Facility Device Experience 
Database (MAUDE) reported a device failure rate of 0.038% [ 41 ]. This study exam-
ined the years from 2000 to 2007 and included the ZEUS robotic system (2001–
2003) which is no longer supported and the  da Vinci  robotic system (2000–2007). A 
total of 189 adverse events were reported of which 168 malfunctions were with the 
 da Vinci  system. This database is under the auspices of the United States Food and 
Drug Administration and is voluntarily reported. 

 Regardless of the type of study, the method of data extraction and analysis, single 
institution or multi-institutional, each study commented that the  da Vinci  robotic 
system was reliable. Unrecoverable robotic malfunctions are uncommon. 

 Nayyar et al. [ 42 ] analyzed 340 consecutive robotic-assisted urologic procedures 
from a single institution using the same robot. An overall device failure rate of 
10.9% (37/340) was found. Twenty-eight of the 37 problems (76%) were correct-
able during the surgery, and 23 of these problems were “instrument related” and 15 
occurred in their fi rst 150 cases. It may have been associated with the team’s learn-
ing curve. Kaushik et al. [ 43 ] surveyed urologists performing robotic-assisted pros-
tatectomies as to the stage of the operation the malfunction occurred, the management 
of the malfunction, and the most common types of robotic malfunctions. The vast 
majority of robotic malfunctions occurred or were discovered before the start of 
surgery. Either the case could be rescheduled or the patient could elect to have non-
robotic-assisted surgery. Of the malfunctions that occurred intraoperatively, mal-
function of the robotic arm was the most common and could be overcome by 
changing arms or using the remaining functioning arms. This study supports the 
notion that the  da Vinci  robot should be fully checked and operational before the 
patient is subjected to a general anesthetic as the majority of malfunctions can be 
captured preoperatively.   

    Positioning 

 Positioning is an important component in facilitating minimally invasive procedures 
by utilizing gravity on the organs to provide optimal surgical exposure. With opti-
mal conditions, one can assume that the operative times are decreased and patient 
morbidity is minimized. In addition to proper positioning of the patient, the surgical 
table may also be positioned in a unique formation so that the robot and surgical 
assistants can be accommodated. Thus, the combination of the position of the 
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patient and the location of the table in relation to the anesthesia machine impact the 
anesthetic plan. Position for both laparoscopic and robotic procedures is similar. 
The main difference is that in robotic surgery, the robot adds a bulky physical 
impediment with four active arms, envelops the patient, and limits patient access 
when the robot is docked. Therefore, the robot should be docked only after the 
patient has been optimally positioned for surgery. 

    Trendelenburg Position 

 The most common position for laparoscopic and robotic urological procedure is the 
low dorsal lithotomy with steep (35°) Trendelenburg position (see Fig.  6.5 ). This 
position is used for laparoscopic and robotic prostatectomy, cystectomy, retroperi-
toneal lymph node dissection, and ureteral procedures. The second most common 
position is the lateral jackknife (hyperextended) decubitus position for procedures 
involving the kidney and adrenal gland. In our institution after the patient is posi-
tioned on the surgical table, the table is arranged in two ways in relation to the 
anesthesia machine. The main reason for moving the table is to provide the surgeon 
and surgeon’s assistant more physical space so they feel less confi ned.

   In the low dorsal lithotomy and Trendelenburg position, the table is turned 30° in 
the counterclockwise direction which allows access for the docking of the robot. 
This maneuver also allows the surgical assistant to be located on the patient’s right 
side and decreases the likelihood of violating the sterile fi eld.  

  Fig. 6.5    Steep 
Trendelenburg       
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    Lateral Jackknife 

 For a patient in the left lateral jackknife decubitus position, the table is turned 90° 
counterclockwise or for a right lateral jackknife decubitus position, 90° clockwise. 
The primary reason for moving the table to this location is to facilitate docking of 
the robot, which approaches the patient from posterior at our institution. For con-
ventional laparoscopic procedures in the decubitus position, the table is not turned.  

    Limited Access to Patient 

 The steep Trendelenburg position and the size of the robot require attention to three 
areas that pertain to the anesthesiologist: (1) vascular access, (2) airway access, and 
(3) physiologic changes. The procedure and the patient’s coexisting condition deter-
mine the need to secure certain vascular access devices which range from a second 
intravenous line, arterial line placement, or rarely a central venous catheter. In order 
to minimize disruption, enhance effi ciency, and maintain sterility, it is preferable to 
place all of these devices immediately after the induction of anesthesia and the 
securing of the airway. 

 Traditionally, a single-lumen endotracheal tube is used for airway management. 
Once the patient and table are in its fi nal location, the typical access to the airway 
becomes obstructed by the surgical drapes and distance. In addition, a tracheal intu-
bation may become endobronchial both when the patient is in the lateral position as 
well as when the patient is placed in the Trendelenburg position. The Trendelenburg 
position causes a cephalad displacement of the trachea in such a manner that an 
endotracheal tube immobilized at the lips may migrate into a main-stem bronchus. 
This slippage may be further exacerbated when the diaphragm is forced cephalad by 
peritoneal insuffl ation. It is imperative that constant vigilance is employed to ensure 
that the endotracheal tube is secured and remains in the desired position.  

    Physiologic Changes Related to Position 

 Physiologically, the dorsal lithotomy with Trendelenburg produces cardiovascular, 
respiratory, and neurologic alterations. Without anesthesia, the body has adaptive 
mechanisms to maintain fairly normal parameters. With the induction of anesthe-
sia, these refl ex mechanisms can be inhibited. In the dorsal lithotomy position, the 
abdominal organs cause the diaphragm to be displaced cephalad decreasing tidal 
volume, pulmonary compliance, and functional residual capacity (FRC), while 
increasing airway ventilatory pressures  and increasing the risk of atelectasis. 
These changes are exacerbated once the pneumoperitoneum is initiated. In the 
Trendelenburg position, there is a transient increase in cardiac output related to the 
increase in venous return, the heart rate is slowed, venous pressure is increased, 
and superior vena cava volume is doubled [ 44 ]. The cerebral blood fl ow and intra-
cranial pressure is increased [ 45 ,  46 ] upon the initiation of the pneumoperitoneum. 

6 Anesthesia for Laparoscopic and Robotic-Assisted Urological Procedures



106

The lateral position affects the pulmonary mechanics more than the cardiovascular 
system however; the pulmonary blood fl ow is increased to the dependent lung 
thereby causing a ventilation perfusion mismatch. The lung volume is decreased in 
the anesthetized patient in the lateral decubitus position at the same airway pres-
sure compared to the awake state.   

    Securing the Patient 

 Securing the anesthetized patient for minimally invasive procedures is of utmost 
importance. The main difference in comparison to the open procedure is the require-
ment for a patient to be placed in the steep Trendelenburg position. At our institution 
a non-sliding foam egg crate mattress is taped to the table mattress with the convo-
luted side down. This foam provides a large surface area for skin adherence on a 
patient’s back without the need for any other method of securing the patient’s torso. 
A sheet is not placed under the patient because it increases the likelihood of the 
patient sliding by minimizing the surface area contact. Shoulder braces and/or cross 
taping the patient to the bed may also be used but may cause brachial plexus injuries 
and further decrease in lung compliance. Both arms are adducted and a plastic arm 
sled padded with foam is used to protect the upper extremities. All pressure points 
are checked and padded (i.e., elbow, wrist, hands, and fi ngers). The intravenous line, 
arterial line, identifi cation/allergy bracelets, stopcocks, noninvasive blood pressure 
cuff, and pulse oximetry must be carefully positioned for full functionality and in a 
manner that does not put any pressure and/or have a tourniquet effect. The neck and 
head should be aligned in the neutral position. The anesthesiologist must remember 
that once the patient is prepped and draped, access will be limited. 

 In the decubitus position, the head and neck should remain in the neutral posi-
tion. During the procedure, the table is tilted toward the nondependent side, so the 
use of a kidney rest prevents the head/neck from hyperextending and thus accidental 
extubation. The taping of the head to the table as a way to prevent head/neck move-
ment can cause pressure necrosis. An axillary roll should correctly be placed not in 
the axilla but more caudad to allow the chest wall to bear the weight of the upper 
body.  

    Complications of Positioning 

 The unique positioning requirements of these urological procedures predispose the 
patient to injuries such as: (1) eye injuries [ 47 ], (2) peripheral nerve injury, (3) 
facial/laryngeal/conjunctiva edema, and (4) increase intraocular pressure [ 48 ]. 
There have been reports that as the duration of the procedure is increased, the poten-
tial for injury increases perhaps due to an operator learning curve. There is an 
increased chance of injury in the surgeon’s fi rst set of patients as compared to sub-
sequent patients [ 104 ]. 
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    Ocular Injuries 

 Ocular injuries are caused by either physical contact with the eye or because of the 
edema caused of the Trendelenburg position. Corneal abrasions in minimally inva-
sive surgery are the most common type of ocular injury with an incidence of 3% 
[ 49 ]. It is caused by direct physical trauma of an instrument, surgeon’s hand, face-
mask, drapes, etc. The patient presents with postoperative eye pain and a complaint 
of a foreign body feeling in the eye. The complication is treated with an eye patch 
and antibiotic ointment. Lavery et al. has recommended the use of occlusive dress-
ing applied to the eyes and eye shield that has resulted in the elimination of corneal 
abrasion [ 47 ]. The occlusive dressing helps to minimize the frequent observation of 
gastric juice which has regurgitated on to the face in the steep Trendelenburg posi-
tion. The eye shield is an additional barrier that helps to ensure that inadvertent 
physical contact to the eyes is not made by instruments, the robot arm, the drapes, 
and/or a surgeon’s hand. 

 According to the study by Anad [ 44 ], there is a 13 mmHg increase in intraocular 
pressure in the steep Trendelenburg position which is comparable to patients with 
glaucoma that have temporarily discontinued their medication. Yet there have been 
no cases of an increase incidence of ischemic optic neuropathy in patients with 
glaucoma in patients undergoing surgery in the Trendelenburg position.  

    Peripheral Nerve Injuries 

 Robotically assisted surgeries are often lengthier procedures, especially for inexpe-
rienced surgeons, thus adequate pressure point padding is essential to avoid tissue 
and nerve impingement. Careful attention should also be given to the robotic arms 
to prevent them from contacting the patient. Pressure or crush injuries may inadver-
tently occur if constant vigilance is not exercised. Peripheral nerve injury can occur 
in any surgical procedure in the anesthetized patient. According to the ASA Closed 
Claims analysis, nerve injuries comprise 15–16% of all anesthesia-related malprac-
tice claims [ 50 ]. Focusing on perioperative peripheral nerve injuries over a 10-year 
period in 380,680 consecutive patients undergoing surgery, the incidence was 0.03% 
[ 51 ]. Warner et al. determined the incidence of ulnar neuropathy of 0.5% [ 52 ] and 
lower extremity neuropathies in the lithotomy position to be 1.5% [ 53 ]. Furthermore, 
this study showed that even with careful positioning, ulnar nerve injury could still 
occur, especially in thin males. Multiple lower extremity nerves are at risk with 
similar frequencies of injury. Peroneal nerve injury may be due to direct compres-
sion of the nerve at the head of the fi bula by the stirrups. The sciatic nerve can be 
stretched by the hyper fl exion at the hip and external rotation elongates the nerve, 
which is fi xed at the sciatic notch and the fi bula. The other nerves of the lower 
extremity that can be injured are the obturator and the femoral nerve. As mentioned, 
brachial plexus injuries can occur with the use of shoulder braces. Because in the 
dorsal lithotomy position both arms are tucked to the sides, the injury caused by 
abduction of the upper extremity is minimized. Unnoticed infi ltration of the 
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intravenous catheter in the antecubital fossa can lead to median nerve injury. In the 
lateral decubitus position, the pulse of the dependent arm should be monitored to 
ensure adequate blood fl ow. If the axillary roll is misplaced in the axilla, compres-
sion of the axillary artery can lead to paresthesia and neurovascular compromise.  

    Facial Edema/Laryngeal Edema 

 Clinical swelling of the face, eyelids, conjunctivae, and tongue along with a pletho-
ric color of venous stasis in the head and neck is a common observation. Facial 
edema is common and laryngeal edema can cause a delay in extubation in up to 5% 
patients [ 54 ,  55 ]. If signifi cant upper airway edema is suspected, it would be prudent 
to delay extubation until such time as the edema has subsided to a safe degree. 
Usually the edema resolves within an hour or two when the head is returned to 
above the level of the heart. Resolution is usually easily accomplished in the post- 
anesthesia recovery unit with the patient placed in a semi-upright position. The use 
of a diuretic has not been necessary unless the patient demonstrated signs of conges-
tive heart failure or intravascular overload. 

 Though the position is important to provide optimal surgical conditions for the 
surgeon, the positioning of the patient and the table can have a great impact on the 
anesthetic plan and also can increase patient morbidity. Positioning is unique to 
minimally invasive surgery and awareness of the potential consequences of malpo-
sitioning enhances patient safety. Though rare, complications from positioning can 
be devastating in a procedure that is touted as minimally invasive.   

    Pneumoperitoneum 

    Trocars 

    Placement 
 Establishment of pneumoperitoneum is the fi rst step in the performance of robotic 
surgery. There are four techniques: percutaneous blind placement of a Veress ®  
needle, open-access technique (Hasson ® ), optical trocar insertion, and direct tro-
car insertion with elevation of the abdominal wall. The blind Veress ®  needle tech-
nique and the open Hasson ®  technique are common methods. The technique and 
complication rates of the blind method and the open method differ. Using the 
blind technique, the surgeon percutaneously enters the abdominal cavity with an 
insuffl ation needle in a closed technique using a Veress ®  needle. Once the abdo-
men is insuffl ated the camera port is next placed blindly. Finally the instrument 
trocars are placed under direct vision. The second technique is an open method. A 
surgical skin incision is made and all layers of the abdominal wall are incised 
down to the peritoneal cavity. The fi rst trocar is placed under direct vision and 
haptic perception followed by insuffl ation [ 56 ]. The true incidence of injury with 
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each technique is unknown. One study found a visceral and vascular injury rate of 
0.483% and 0.075% (closed) and a 0.048% and 0.0% (open) for establishing 
pneumoperitoneum and placing the fi rst trocar [ 57 ]. The closed method using the 
Veress ®  needle is the more common surgical approach but choice depends on 
surgical preference.  

    Vascular Injury 
 Complications associated with trocar placement are rare. When they occur they 
involve the viscera or great vessels and morbidity is high. More specifi cally compli-
cations comprise bleeding from the abdominal wall, injury to the great vessels of the 
pelvis, and damage to intraperitoneal viscera including the bowel and urinary tract. 
Injury can occur on insertion of the port, during the case, or during removal of tissue 
from the peritoneal cavity. 

 No method of placement of the trocars is completely risk-free. In obese indi-
viduals, adipose tissue can obscure clinical markers of successful and unsuccessful 
needle placement. At the other extreme, in thin individuals, the great vessels can be 
as little as 2 cm distance from the abdominal wall, placing them at risk for injury 
[ 58 ]. Hemorrhage may occur if the tip or edge of a trocar or needle injures a vessel. 
Many vessels are at risk: the aorta, inferior vena cava, and common, internal, and 
external iliac arteries and veins. Bleeding ranges from rapid to slow and obvious to 
occult. The incidence of major vascular injuries ranges from 0.04% to 0.5% [ 59 ]. 
The wide range refl ects the heterogenicity of surgical cases and surgical volume in 
each study.  

    Gastrointestinal Injury 
 Gastrointestinal injuries occur but are more likely in the face of previous abdominal 
surgery or peritonitis where adhesions do not allow for insuffl ation to create an 
organ-free space inferior to the abdominal wall. The incidence of visceral injury has 
been estimated at 0.06–0.08% [ 60 ]. Many gastrointestinal injuries are not immedi-
ately recognized at the time of surgery. Gastrointestinal injuries are usually subtle 
as partial tears, small perforations, thermal injuries, or hernias, which can take time 
to become clinically apparent. They present later in the postoperative course with 
pain, peritonitis, abscess, enterocutaneous fi stula, and/or sepsis.   

    Insufflation 

    Venous Air Embolism 
 Venous air embolism (VAE) is a feared complication. Its clinical manifestation can 
run the spectrum from subclinical to life threatening. Clinically apparent gas embo-
lism is a rare complication (0.0014–0.6%) of laparoscopies, but it is associated with 
a high mortality rate of 28% [ 57 ]. In a study by Hong et al. [ 61 ] examining the 
incidence of venous gas embolism, they found a higher incidence of VAE in radical 
retropubic prostatectomies (80%) versus robotic-assisted prostatectomies (38%). 
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However, there were no signs of cardiorespiratory instability defi ned as the 
 appearance of cardiac arrhythmias, sudden decrease in mean arterial pressure 
>20 mmHg, or an episode of a pulse oxygen saturation of <90%. Non-validated but 
commonsense recommendations to decrease the incidence of VAE are a careful 
surgical technique for needle induction of pneumoperitoneum, low intra-abdominal 
pressure, and low insuffl ation rates. This diagnosis requires a high index of suspi-
cion and rapid action by the anesthesiologist for successful treatment. If there is a 
drop in end-tidal carbon dioxide concentration, tachycardia, peaked P waves, and 
hypertension followed quickly by hypotension during insuffl ation, VAE is to be 
considered. The most common time that VAE occurs is during the creation of pneu-
moperitoneum. The most sensitive method for detecting a gas embolism is trans-
esophageal (TEE) Doppler monitoring [ 62 ]. Because VAE is a rare event, routine 
TEE monitoring is not necessary and an abrupt decrease in end-tidal carbon dioxide 
is a reliable indicator. Treatment requires release of intra-abdominal pressure and 
maintenance of a head-down position. Turning the patient to the left lateral decubi-
tus position is practically diffi cult especially if the patient is docked to the robot.  

    Hypothermia 
 Constant fl ow of room temperature carbon dioxide into the peritoneum can decrease 
the patient’s temperature. Several systems exist to heat and/or humidify the insuf-
fl ated gas. We have found that normal vigilance to maintaining (external warming 
devices) a patient’s temperature is usually suffi cient and needs to be implemented 
immediately. Of importance is that prevention of hypothermia is more important 
than compensating for lost body heat [ 63 ]. Studies have examined the effects of 
humidifi ed and heated CO 2  on postoperative pain and hospital stay; several studies 
found a benefi t [ 64 ,  65 ] whereas no benefi t [ 66 ,  67 ] was found in others. At this 
time, standard heating measures are suffi cient.  

    Subcutaneous Emphysema 
 Subcutaneous emphysema is defi ned as carbon dioxide gas beneath the dermis. It is 
graded on a four-point scale from 0 to 3 [ 68 ], 0 being no emphysema to 3 being 
massive emphysema. It is usually a condition that is noted postoperatively with no 
to minimal clinical relevance and spontaneously resolves. There is little data on its 
incidence and causative factors. Most likely it is underreported. Several situations 
have been associated with a higher incidence of subcutaneous emphysema includ-
ing old age, a long operative time, higher insuffl ation pressures, and the use of six 
or more ports [ 69 ]. Extraperitoneal gas is usually related to preperitoneal placement 
of the insuffl ating needle or leakage of carbon dioxide around the cannula sites. 
Although this condition is usually mild and is limited to the abdominal wall, subcu-
taneous emphysema can become extensive, involving the extremities, the neck, the 
perineal area, the mediastinum, and even the pericardium. In this situation, an 
increase in minute ventilation as well as ruling out other causes of hypercarbia such 
as malignant hyperthermia, neuroleptic malignant syndrome, and an exhausted car-
bon dioxide absorber should be considered.  

M.W. Lew and M.J. Sullivan



111

    Insufflation Pressure 
 Insuffl ation of gas into a closed space exerts a pressure that can be measured. Gas 
insuffl ated into the abdomen increases intra-abdominal pressure (IAP). Laparoscopic 
pressures are defi ned as normal 12–15 mmHg and low 5–7 mmHg, measured while 
gas is fl owing into the abdomen. A higher pressure is generally used when insuffl at-
ing the abdomen, and the pressure can be adjusted downward when a steady state is 
reached. The IAP should be the lowest value that meets the surgical requirement for 
an operative fi eld and the anesthetic requirement for adequate ventilation of the 
carbon dioxide load. Higher IAPs (12–15 mmHg) in older, compromised patients 
cause greater cardiac changes [ 70 ]. Lower pressure pneumoperitoneum also seems 
to generate less postoperative pain and discomfort [ 71 ].   

    Physiologic Changes 

    Cardiovascular 
 The temporal pattern of cardiac derangements due to pneumoperitoneum is most 
pronounced at its establishment and when it is vented from the abdomen. A steady 
state seems to be achieved between these two events. Within a very short period of 
time the patient is positioned for docking of the robot, pneumoperitoneum is estab-
lished, trocar devices are placed, and ventilation is adjusted to meet the new ventila-
tion requirements. Each of these alone can cause hemodynamic changes. At times 
their effects can be additive causing signifi cant bradycardia and hypotension. 
Maintaining vigilance and having an action plan consisting of an anticholinergic or 
vasopressor ready to implement help navigate the cardiovascular changes. 

 The initiation of pneumoperitoneum increases systemic vascular resistance 
(SVR) and mean arterial pressure (MAP) [ 72 ], which is consistent with our fi ndings 
using a transesophageal Doppler probe [ 73 ]. These changes are due to increased 
intra-abdominal pressure compressing the aorta and increasing afterload. Studies 
reporting heart rate changes have not been consistent. Some authors described 
tachycardia where others, including our studies, found no change [ 74 ]. Cardiac out-
put is usually seen to decrease with the initiation of pneumoperitoneum [ 64 ]. In 
healthy patients, these changes usually do not cause any clinical events especially if 
the IAP does not exceed 12–15 mmHg. There is no justifi cation for central venous 
pressure nor pulmonary artery catheter monitoring based on hemodynamic changes 
related to pneumoperitoneum alone. 

 Dysrhythmias can be a result of pneumoperitoneum. The most common is a refl ex 
bradycardia occurring with establishment of pneumoperitoneum due to peritoneal 
stretch and vagal stimulation. At times the bradycardia can be pronounced and dif-
fi cult to treat acutely. Beta blockers and the use of bradycardic narcotics predispose 
the patient a lower heart rate and can be additive to vagal stimulation. Asking the 
surgeon to release the pneumoperitoneum may be required. Treatment or pretreat-
ment with vagolytic drugs can correct or prevent this occurrence. If a patient becomes 
hypercapnic and/or tachycardic, ventricular extrasystoles may result. Dysrhythmias 
can serve as a warning for pneumothorax and venous gas embolism.  
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    Pulmonary 
 Hypercapnia and respiratory acidosis occur because of carbon dioxide pneumo-
peritoneum without adjustment of the minute ventilation to control hyperventila-
tion. In patients with normal lung compliance, the minute ventilation can match the 
carbon dioxide load. In other situations, the inability to eliminate CO 2  can occur in 
spite of deliberate adjustment of respiratory parameters. Maneuvers that decrease 
the exogenous carbon dioxide load can be tried; lowering the insuffl ation pressure; 
using variable insuffl ation pressure; stopping insuffl ation and ventilating the 
patient; and maintaining assisted or controlled ventilation postoperatively. It usu-
ally takes several hours to achieve a steady state of CO 2  elimination after desuffl a-
tion of CO 2  [ 75 ]. A lower insuffl ation pressure can often be used without 
compromising a surgeon’s ability to visualize the fi eld. Sometimes even small 
changes in insuffl ation pressure can make enough of a difference that the absorbed 
external CO 2  can be ventilated. Another long-term modifi cation that can decrease 
the total amount of CO 2  insuffl ated is a decrease in the surgical time as surgical 
experience increases. 

 Pneumoperitoneum and Trendelenburg position affect respiratory mechanics. 
Several studies looked at this phenomenon and found that pneumoperitoneum was 
responsible for the majority of positive pressure respiratory variables changes and 
that position had a minor and sometimes negligible effect [ 76 – 78 ]. In comparison to 
the corresponding open procedures, laparoscopic surgeries have a better postopera-
tive pulmonary convalescence [ 79 ]. Even with the alterations in pulmonary mechan-
ics due to carbon dioxide insuffl ation and patient position, most patients with 
underlying pulmonary comorbidities can be managed with attention to end- tidal 
CO 2  monitoring and arterial blood gas measurements.  

    Renal Blood Flow 
 The effects of pneumoperitoneum on renal hemodynamics and renal function is a 
decrease of both, and the magnitude of change depends on preoperative renal 
function, level of pneumoperitoneum, volume status, position, and duration of 
surgery [ 80 ]. These effects can last several hours into the postoperative period 
[ 81 ]. Possible mechanisms of action are mechanical pressure on renal parenchyma 
and vessels and/or activation of humeral factors that cause renal vasoconstriction. 
As IAP is increased to 20 mmHg, renal vascular resistance increases by 55% and 
renal glomerular fi ltration rate decreases by 25%, even with volume expansion 
[ 82 ]. The clinical effects of these changes are not known as many patients with 
poor renal function have successfully undergone surgery [ 83 ]. Adequate volume 
status [ 84 ], low intra-abdominal pressure, short pneumoperitoneal time, and nor-
mothermia [ 85 ] are easy strategies for renal preservation. Other methods have 
used nitroglycerin to improve renal perfusion [ 86 ], clonidine to attenuate the 
stress response [ 87 ], and epidural anesthesia to attenuate the stress response [ 88 ]. 
The use of nonsteroidal anti-infl ammatory analgesics can cause renal medullary 
vasoconstriction and warrant caution in patients with compromised renal 
function.  
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    Splanchnic Blood Flow 
 Splanchnic blood fl ow has been shown to be reduced during pneumoperitoneum. In 
a healthy patient, a decrease in blood fl ow to the stomach, the duodenum, the jeju-
num, the colon, the liver, and the parietal peritoneum is seen and is related to pneu-
moperitoneum duration [ 89 ]. Confl icting data exist as other studies found no change 
in splanchnic blood fl ow [ 90 ]. Gastric perfusion was noted to be reduced [ 91 ] in one 
study and unchanged in another [ 92 ]. Animal studies tend to show a decrease in 
splanchnic blood fl ow with pneumoperitoneum [ 93 ]. Combining pneumoperito-
neum and the head-up position was the most detrimental to hepatic and renal blood 
fl ow in animal models. The mechanism by which this occurs is a mechanical com-
pression of the capillary beds and a decrease in venous return in the head-up posi-
tion [ 94 ]. Clinically healthy patients tolerate the pneumoperitoneal-induced changes 
of the splanchnic blood fl ow without permanent impairment.  

    Venous Blood Flow 
 Elevated intra-abdominal pressure reduces venous blood fl ow from the lower extremi-
ties. Adding the reverse Trendelenburg position to pneumoperitoneum further 
decreases the venous return from the lower extremities [ 95 ]. The use of sequential 
pneumatic compression devices partially reverses this negative effect. Trendelenburg 
position is assumed to augment venous return by creating a favorable hydrostatic gra-
dient for blood return. In an older study, the effects of anesthesia and the Trendelenburg 
position were found to increase the central venous pressure, pulmonary capillary 
wedge pressure, and pulmonary arterial pressures and decrease cardiac output. 
Pneumoperitoneum increased these pressures further mostly at the beginning of lapa-
roscopy [ 96 ]. More recent work has shown that the Trendelenburg position may not 
augment venous return as much as previously thought. In fact it can hinder venous 
blood fl ow by the abdominal organs compressing the inferior vena cava below the 
level of the diaphragm [ 97 ]. The addition of intravenous fl uids while placing the 
patient in Trendelenburg position did improve hemodynamic variables [ 98 ]. The clini-
cal caveat is to consider venous blood fl ow compromised and take appropriate action: 
initiate venous thromboprophylaxis and ensure adequate volume status. The inci-
dence of thromboembolic complications after pneumoperitoneum is not known.  

    Cerebral Blood Flow 
 The combination of steep Trendelenburg position and pneumoperitoneum causes a 
reduction in cerebral tissue oxygen saturation in the elderly and in patients with 
preexisting elevated intracranial pressure [ 99 ]. In a study that looked at the effects 
of Trendelenburg position and pneumoperitoneum on regional cerebral oxygenation 
and cerebral perfusion pressure (CPP), the authors concluded that regional cerebral 
oxygenation was well preserved and CPP remained within the limits between which 
cerebral blood fl ow is usually considered to be maintained by cerebral autoregula-
tion [ 100 ]. There are case reports of unexpected neurovascular complications with 
pneumoperitoneum and the Trendelenburg position [ 101 ] which may have been 
caused by VAE, but preexisting neurologic diseases do not preclude patients from 
undergoing robotic surgery in the Trendelenburg position.  
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    Immunologic Response and Stress Response Parameters 
 Currently there is no compelling clinical evidence that pneumoperitoneum alters the 
immunologic response in any clinical signifi cant way [ 102 ]. There has been no 
evidence linking pneumoperitoneum to increased infection rates or cancer growth. 
Postoperative immunologic function after laparoscopic surgery seems to be better 
preserved than following open procedures [ 103 ]. Systemic infl ammatory response 
parameters and stress response parameters are also less pronounced after laparo-
scopic procedures. Intraperitoneal carbon dioxide insuffl ation does attenuates peri-
toneal immunity, but laparoscopic surgery overall is associated with a lower 
systemic stress response than open surgery [ 104 ].    

    Challenges of a Robotic Program 

 Apart from positioning and the hemodynamic consequences, there are yet addi-
tional challenges of minimally invasive urologic surgery. These challenges include 
the physical size of the robotic system, the cost of the equipment, the impact of the 
learning curve, the development of a team approach (surgeon, anesthesia, and nurs-
ing), and achieving comparable outcomes to traditional “open” surgery. 

    Robot Logistics 

 Despite the advantages of robotic surgery, there are several pieces of equipment, 
each piece being extremely bulky and requiring large amounts of precious operating 
room space. All of which may be a signifi cant limiting factor to the availability of 
using these machines in smaller, older operating rooms. The imposing size of the 
robot makes positioning of the robotic arms extremely important to avoid collision 
of the arms with themselves, assistants and/or the patient. As a result, patients must 
be correctly positioned for surgery from the beginning because repositioning a 
patient is virtually impossible once the robot has been docked. With the robot over 
the patient and with its arms attached to the ports, this may impair the ability to 
quickly access the patient. The staff must be trained and prepared to quickly detach 
and remove the robot from the patient in the event of an emergency. The robot has 
to be detached fi rst in order to allow changes in position of any kind or simply 
access the patient. Mariano et al. ran practice trials until they were sure they could 
undock in less than 60 s in order to feel safe using the robot on an infant. They felt 
this to be an essential piece of information needed before they could use the robot 
for a pediatric case [ 105 ]. 

 There are other reasons than patient emergency for practicing undocking the 
robot. Operating room fi res can occur either in the room the robot is in or in an 
adjacent room necessitating timely evacuation. There can be electrical problems 
external to the robot that impact the robot’s ability to function: hospital wiring, 
electrical power grid malfunctions, hospital backup generators not supplying the 
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outlets for the robot, or circuit breakers not able to carry the entire OR electrical 
load. Regardless of the reason, practicing the ability to safely disengage the robot 
is advisable.  

    Cost 

 The second challenge is the cost of the robotic system, which requires support from 
the institution. The largest outlay in cost is the purchase of the robotic surgical sys-
tem with an average price of $1.75 million and a recurring annual service contract fee 
of about 10% of the purchase price often a limiting factor from an institutional point of 
view. Once the robotic system is purchased, the disposable instruments vary in price 
from $600 to $8,000 with an average cost of $2,400. These instruments can be used 
10 to 20 times, which helps to defray some of the costs. Additional angled cameras 
cost $16,000. Upon early robot use, the procedure takes longer. Eventually operating 
room utilization increases along with a decrease in operating room turnover time. 

 To offset this cost, patients routinely are discharged 1-day postoperatively for 
savings in hospital bed costs. Abdollah et al. evaluated over 1,000 MIS prostatec-
tomy and 3,300 open cases and found that the median total hospital charges were 
similar ($33,234 vs. $33,674). But the range of variability for cost of MIS was 
larger than that of the open case [ 106 ]. This contrasts to another study that found 
that prostate surgery done robotically is more expensive than both a laparoscopic 
and open prostatectomy by $1,065 and $2,315, respectively [ 107 ]. This study did 
not factor in the cost of the robot which was approximately $1.5–1.75 million with 
a maintenance cost of $112,000–150,000 per robot per year adding $2,698 per case 
to a volume of 126 cases. The strategic plan of the hospital largely determines if the 
institution would consider supporting such a program. Though laparoscopy is stan-
dard in most institutions, robotics is not. The ideal situation would be to have insti-
tutional support along with multidisciplinary support from the healthcare providers 
(surgery, anesthesia, and nursing) involved in the planning and implementation pro-
cess. Satisfying the customer demand is important in achieving a broad patient base 
and in improving and maximizing patient satisfaction. Patients utilize the internet to 
locate centers of excellence and are willing to travel to receive novel and promising 
treatments. The challenge is being able to provide what the patients want along with 
comparable or better outcomes at a price that is competitive.  

    Training to Use the Robot 

 The purchase of a robotic system by a hospital does not immediately correlate with 
instant success. Over the last decade, there has been a lot of literature regarding the 
start-up experience with robotic surgery. The training and inclusion of surgeons, 
nurses, and anesthesiologists was found to be vital to developing a team that is able 
to troubleshoot a robot intraoperatively. As the team gains experience, better effi -
ciencies ensue for a higher patient throughput. 
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 The institution must accept the cost of operating room ineffi ciencies during the 
learning curve. Hiring a fully trained robotic surgeon will negate some of these 
expenses. Training programs range from a “weekend course” to a traditional fellow-
ship program. Depending on the skills and experience of the practitioner, the 
reported learning curve can range from 20 to 25 cases [ 108 ] to greater than 150 
cases [ 109 ].  The lack of tactile feedback contributes to the surgical challenge and 
the ability to physically demonstrate that to a trainee. Simulators have been used to 
aid in robotic training, but can be costly. 

 Surgeon performance has been studied. Surgeons with a high volume and experi-
ence have a 33% decrease in complication rate and a 30% decrease in blood transfu-
sions compared to surgeons who operated occasionally. Vickers defi ned an 
experienced surgeon as one who has completed 250 operations, and at this number 
the surgeon’s learning plateaus [ 110 ]. As surgeons’ experience increased, the onco-
logic procedure was improved with improved outcomes. There is a learning curve 
and initial costs until the robotic team develops expertise, and robot and patient 
complication rates decline.  

    Is Robotic Surgery Better? 

 As the laparoscopic approach began to gain popularity, it was natural to compare 
various results to open surgery. The effectiveness of MIS versus open radical pros-
tatectomy demonstrated some confl icting data. In a study by Hu et al., 1938 MIS 
and 6,899 open prostatectomy patients were examined. They found that MIS had a 
shorter length of stay, less surgical complications, less blood transfusion, but a 
higher incidence of incontinence and erectile dysfunction [ 111 ]. Other studies have 
disputed these fi ndings. There was concern that the oncologic safety was compro-
mised compared to the traditional approach. Several studies demonstrate that low 
surgical experience has a higher rate of mortality, complications, positive surgical 
margin, and recurrence by biomarkers [ 112 ]. Local recurrence rates and port-site 
seeding have been evaluated. The incidence is unknown but can range from 0% to 
21% [ 113 ]. In a study of over 1,000 patients with urologic cancers, the local recur-
rence rate was 0.73% and a 0.18% incidence of port-site metastasis. A very large 
study in 1997 from Germany evaluated 117,840 laparoscopic cholecystectomies 
and determined a 17.1% port-site metastasis rate [ 114 ]. 

 In another study, the authors reviewed 181 patients and found a port-site metas-
tasis rate of 1.1% following robotic gynecology procedure that is similar to the lapa-
roscopic rate [ 115 ]. The experience of the surgeon and the use of oncologic 
techniques minimize the rate of local recurrence and port-site metastasis. It is clear 
that a large challenge is to incorporate traditional surgical care with the advances of 
technology and minimally invasive surgery. To that end, surgery oncology fellow-
ships are currently seeking a formal program to integrate MIS into the surgical 
oncology program [ 116 ]. The challenges often are the required staffi ng of mentors 
and faculty trained in MIS and surgical oncology. Often the senior faculty has 
trained in the area of open surgery. In addition, there are fi nancial costs of imple-
menting and maintaining a program such as this.  
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    Robotic Surgical Outcomes 

 The best oncologic outcome with minimal functional morbidity is always desir-
able. Once again outcomes depend upon the surgeon’s experience. In a large study 
of 7,765 patients who underwent an open prostatectomy with one of 72 surgeons, 
it took approximately 250 cases for the biochemical marker for recurrence to pla-
teau, signifying cancer control after surgery [ 117 ]. To add, a self-refl ection analyz-
ing the learning curve of an experienced urologist (>2,500 radical retropubic 
prostatectomy and >350 robotic prostatectomy) concluded that it took him >150 
cases for comparable outcomes including positive surgical margin rates and >250 
cases for him to feel confi dent and comfortable [ 109 ]. It can be argued that with 
improved visualization of the anatomy as in robotic surgery, fewer cases are needed 
to achieve optimal oncologic outcomes. Minimally invasive prostate surgery has 
been reported to have an increased incidence in genitourinary complications, 
incontinence, and erectile dysfunction [ 109 ]. There are several promising studies, 
but there is a need for long-term random controlled studies to determine if the 
oncologic outcome from minimally invasive is comparable to open surgical 
approach [ 118 ,  119 ].  

    Role of the Anesthesiologist 

 The anesthesiologist must be aware of the consequences that minimally invasive 
surgery place on patients for safe care. A consistent surgical team approach may be 
the best way to initiate a minimally invasive surgery program. Then after the learn-
ing curve is achieved, additional members of the team can be integrated. Repetition 
and volume increases the comfort level of team members performing minimally 
invasive procedures. With initiation of the program, surgical case time will be lon-
ger, and the anesthesiologist must continue to maintain vigilance and focus on mon-
itoring the patient. As with any type of work, increased duration without a break can 
lead to a lapse in attention.  

    Robot Failure/Informed Consent 

 The robotic system is extremely reliable but it can fail. An alternate plan must be 
considered whether to have a backup robot or conversion to another surgical 
approach, i.e., laparoscopic or open procedure. It is extremely important to address 
the potential of technological failure and the possibility of conversion to an open 
procedure with the patient as part of the informed consent process. Our experience 
has been that robotic malfunction occurred in 16 of the 1,033 surgeries (1.54%) 
[ 35 ]. The support of our institution has afforded us the luxury of having a spare 
robot so that the procedure can be continued using the minimally invasive tech-
nique. Replacing the entire robotic surgical system can be done quickly thereby 
minimizing the impact on the length of the surgical procedure. 
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 In order to institute and operate a successful robotic surgery program, hospital 
administration must commit to the continual fi nancial support of the robotic system. 
As discussed previously, the initial and recurring costs of running a robotic surgical 
program are signifi cant. However, the potential growth of surgical volume and 
increased institutional recognition from having a robotic program may offset these 
costs. In fact, at our institution, the robotic system has not only increased our surgi-
cal volume tremendously, but the robotic surgical system has been a major factor in 
the recruitment of new faculty. In today’s information age, patients are more edu-
cated about their options and often have a strong desire to seek out the most advanced 
therapies which makes the existence of a robotic program a viable marketing tool.   

    Pediatric Urologic Minimally Invasive Surgery 

 Minimally invasive surgery has become a viable option for the surgical management 
of pediatric urologic tumors and abnormalities. The goal for the use of MIS in pedi-
atrics is the same as in the adult population: less pain postoperatively, shorter hos-
pital stays, improved cosmesis, and faster recovery times. The use of MIS in the 
pediatric population has lagged behind its use in the adult population. Several fac-
tors account for this: a natural conservatism related to pediatric patient safety, a 
longer time line for training and expertise in pediatric MIS, and the need for multi-
ple surgeries when reconstruction is the focus. 

 It is still relatively new for pediatrics but by no means experimental. The types of 
surgical cases that can be performed and the number of surgeons experienced with 
pediatric MIS will increase and replace the traditional open approach. Technologic 
advances in robotic instruments that are pediatric based and not adult instruments 
adapted to pediatric patients will also allow more minimally invasive procedures. 
The most common urologic applications for pediatric robotic surgery are uretero-
pelvic junction obstruction (UPJ), bladder augmentation, appendicovesicostomy, 
and ureteral procedures. MIS has been used to treat almost all upper and lower uri-
nary tract surgical conditions. Currently laparoscopy is effective for ablative proce-
dures whereas cases requiring advanced suturing and dissection benefi t from the 
robot’s dexterity. 

 Is robotic surgery safe for pediatrics? In a retrospective study of 100 consecutive 
cases with 24 different types of procedures excluding urologic and cardiac, the 
authors concluded that robotic surgery is safe and effective in children over a variety 
of cases [ 120 ]. The age range was from 1 day to 23 years and weight range was 
2.2–103 Kg. No conversions occurred as a result from robotic instrument injuries. 
Looking specifi cally at urologic robot-assisted procedures, Volfson et al., [ 121 ] 
concluded that robot-assisted surgery appears safe and feasible for a variety of pedi-
atric urologic procedures. This was a retrospective review of 53 robot-assisted pedi-
atric urologic procedures. All procedures were completed successfully without 
conversion to an open procedure. They also noted a decrease the length of stay in 
the hospital compared to an open procedure. Other studies support the use of MIS 
and specifi cally robotic surgery for pediatric patients [ 122 ]. 
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 From a study design perspective, these studies do not approach the rigorousness 
of a randomized controlled trial and they all state further studies are needed. The 
reality is that performing randomized controlled trial for surgical procedures is dif-
fi cult and even more so when the study population is children. Blinding is impos-
sible and the expertise of the surgeon with open, laparoscopic-, and robotic-assisted 
laparoscopy procedures can affect outcomes. Technologic advances in surgical 
instruments and familiarity with the procedure can make comparisons of cases from 
the beginning of the study to cases at the end invalid. This is not to say that critical 
and careful assessment of MIS for pediatric cases shouldn’t be undertaken but that 
rigorous scientifi c studies will be few. More likely the adoption and validation of 
robotic-assisted pediatric procedures will occur through its increased use by sur-
geons over the next several years. 

 The principles of patient positioning and trocar placement are similar to the adult 
with caveats. The ability of the operating room staff to position a pediatric patient is 
usually easier in that there is less body mass to move. Pediatric patients better fi t the 
narrower operating room bed and less table tilt is needed for positioning. Padding 
for patient positioning and security should only be done when absolutely necessary. 
The surgeon needs to be aware of where the padding is and how it is affecting the 
patient’s body position. Padding can lift critical structures such as bowels and blood 
vessels into harm’s way when trocars are placed. It can also restrict the movement 
of the robotic instruments external to the body. 

 Initial access for insuffl ation of the abdomen can be accomplishes either via the 
open Hasson technique or via the percutaneous Veress needle technique. Vessels 
and organs are at risk for puncture and injury. Surgical complications of laparos-
copy most often occur during Veress needle or primary trocar placement [ 123 ]. 
Open access either using the Hasson or Bailez technique in children is safe and 
reliable. The benefi t of the Veress needle technique is of speed. The average length 
of time required to gain access to the peritoneum in experienced hands is under 
2 min [ 124 ]. This same study of 257 patients ranging from 4 months to 19 years 
showed no vessel or visceral injury, no conversion to open surgery, no conversion to 
the Hasson technique, and no inability to complete the procedure related to compli-
cations establishing pneumoperitoneum [ 4 ]. Insuffl ation rates guidelines are shown 
in Table  6.2 .

   Trocar placement needs to be accomplished with the utmost care and the anes-
thesiologist needs to be vigilant for any signs of incorrect placement. The abdomi-
nal wall is generally thinner and much more compliant than in the adult. Also the 
abdominal cavity with respect the surface area of the body compared to adults is 
much less. This increased elasticity and less surface area increases the diffi culty of 

   Table 6.2    Insuffl ation rates guidelines   

 <1 year old  0.3 l/min 
 >1 year old  0.5 l/min 
 >5 years old  1 l/min 
 >10 years old  2 l/min 
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port placement. Injuries can occur with initial insuffl ation and trocar placement. 
The most common trocar sizes used are the 5 mm port followed by the 3 mm port. 
Rarely are the 10–12 mm ports used. The location of the port placement is depen-
dent upon the procedure, the patient’s size, and the experience of the surgeon. The 
working space is much smaller than in adults and the rules for adult trocar place-
ment of 8–10 cm between trocars are not feasible. Not only is port placement in a 
smaller space more challenging, the introduction and manipulation of instruments 
has to be done with care to avoid inadvertent organ injury. The intended path of the 
instrument should be visually verifi ed. This helps insure the avoidance of visceral 
injury due to instrument manipulation or change. 

 Anesthetic management needs to take into account the general requirements for 
pediatric surgery and the unique requirements of minimally invasive surgery. The 
cases require a secure working IV, possibly a second IV, the ability to ventilate an 
endogenous and exogenous carbon dioxide load, and ensure no patient movement 
during the case. This is accomplished via general endotracheal anesthesia. Other 
requirements are of course correct fl uid administration, normothermia, intraopera-
tive monitoring of hemodynamic and ventilatory parameters, decompression of 
stomach and bladder, analgesia, and antiemetics. For minimally invasive surgery, 
the patient’s position, surgical drapes, the robot and/or the surgeon can be barriers 
between the anesthesiologist and access to the patient. A pre-thought-out plan to 
quickly check the endotracheal tube, breathing circuit, IV sites, IV lines, and other 
anesthetic interventions minimizes the response time to check and intervene if a 
problem occurs. Clear and open communication between the surgeon and the anes-
thesiologist during the case ensures that each is aware of what the other is attempt-
ing and is in a position to offer assistance. 

 Laparoscopic pediatric surgery has been performed in a variety of urologic pro-
cedures and is feasible in the hands of skilled laparoscopic surgeons. With robotic 
assistance, pediatric robotic surgery will expand to include a wider range of proce-
dures and encompass a greater amount of surgical skill sets. More surgeons will be 
able to perform robotic procedures than was the case for laparoscopic procedures.  

    Conclusions 

 Minimally invasive urologic surgery has experienced growth both in volume and its 
surgical applications. It is no longer just offered at selective hospitals but has 
become increasingly ubiquitous which implies that anesthesia providers will be car-
ing for this patient population. An important component to the success of a mini-
mally invasive procedure is the anesthetic management, which is based on 
understanding the physiologic derangements and the positioning requirements. The 
combination of knowing these nuances and the patient’s medical condition opti-
mizes both safety and expectations. Minimally invasive surgery for urology is a 
continuing expanding fi eld and one in which still has its proponents and opponents. 
Though extremely promising, outcomes and cost will determine the future of mini-
mally invasive urologic surgery.     
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           Introduction 

 In the United States approximately 90,000 end-stage renal disease patients are listed 
for a renal transplant (as of January 2012). However, despite a continuous increase 
in the number of patients awaiting a kidney transplant, the number of organs avail-
able for transplantation remains relatively fl at [ 1 ]. The mean wait time for a 
deceased-donor transplant is approximately 3.5 years. The latest reported trend 
revealed that more deceased-donor than living-donor renal transplants are per-
formed in the United States. More importantly 1-year unadjusted survival remains 
substantially higher for living than for deceased donors [ 1 ].  

    Renal Donation 

 Renal transplantation remains the preferred treatment for patients with end-stage 
renal disease, and it is more cost-effective than long-term dialysis [ 2 ]. However, 
because of the persistent shortage of organs for transplantation, expansion of donor 
criteria and live kidney donation remain the only options at the moment to increase 
the number of transplants. A trend reported from 2000 to 2009 shows a dramatic 
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increase in the utilization of organs from donation after cardiac death (DCD) and 
expanded-criteria donors (ECD) – 708% and 44% increase, respectively [ 1 ]. Meier- 
Kriesche and colleagues [ 3 ] concluded that the best outcome in renal transplanta-
tion occurs when the recipient receives a living-donor kidney prior to dialysis. It has 
also been shown that recipients of male donors have better overall and graft survival, 
presumably as a result of the effects of estrogen and allograph size [ 4 ]. 

 The quality of deceased-donor organs used for transplantation varies considerably. 
The quality of the donor kidney directly impacts clinical outcomes, including acute 
rejection, delayed graft function, and patient and allograft survival. Expanded- criteria 
donors (ECDs) refer to older kidney donors (>60 years) or donors aged 50–59 years 
who meet two of the following three conditions: hypertension, terminal serum cre-
atinine >1.5 mg/dl, or death from cerebrovascular accident [ 5 ]. For practical pur-
poses standard criteria donors (SCD) are all donors who meet brain death criteria but 
who do not meet any of the criteria for an ECD [ 5 ]. ECD grafts have increased the 
risk of graft failure by 70% as compared with an SCD graft kidney. Organs trans-
planted from DCD have allograft and patient survival similar to that of kidney from 
donation after brain death, but DCD kidney recipients have a 42–51% risk of delayed 
graft function (that is, they need at least one dialysis treatment during the fi rst week 
after transplantation) compared with 24% in an SCD kidney transplant [ 5 ]. 

 As earlier noted, substantial discrepancy exists between available organs donated 
and patients awaiting transplant. In addition, outcomes are more favorable after live 
donation. These two factors have led to the use of living kidney donors in transplan-
tation beyond biological relatives and spouses: unrelated donor, directed anony-
mous donor, undirected anonymous donor, paired exchange donor, and multiple 
paired exchange donor. However, regardless of the arrangements, 1-year unadjusted 
recipient survival remains substantially higher for living unrelated donor kidneys 
than for deceased-donor kidneys [ 1 ,  5 ]. Davis provides a more detailed review of 
renal donor characteristics and of the impact to donor after living renal donation [ 6 ]. 

 The outcome in renal transplantation depends upon three perioperative factors: 
donor – deceased or living; allograft ischemia time – warm or cold; and recipient 
management. Anesthesiologists are directly involved in managing the kidney donor 
patient during allograft harvesting. In accordance with the standard criteria govern-
ing deceased donors, the anesthesiologist manages physiologic functions to main-
tain end-organ perfusion for all harvested organs in brain-dead donors. In 
living-donor kidney transplantation, the anesthesiologist is responsible for periop-
erative care (preoperative evaluation, intraoperative and postoperative care) of the 
donor who is undergoing a surgical procedure to benefi t someone else. Anesthetic 
care in donation after a cardiac death focuses on the recipient when he or she pres-
ents for transplantation. Paired donation renal transplants involve matching two 
incompatible living pairs in order to achieve donor–recipient biological compatibil-
ity of the ABO blood group system and/or negative cross-match reactivity, so one 
donor–recipient pair exchanges a kidney with another donor–recipient pair. The 
anesthesia team plays a critical role in coordinating the initiation of these proce-
dures, especially if each renal transplant is to be performed at separate hospitals. 
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    Donor Management 

 In order to increase the number of transplantable organs, the United Network for 
Organ Sharing (UNOS) created the one-page report “The Critical Pathway for the 
Adult Organ Donor,” which helps professionals in management an organ donor’s 
treatment plan. The purpose of the Critical Pathway is to help critical care staff and 
procurement coordinators understand and follow the steps required for effective 
donor management [ 7 ]. Deceased-donor management focuses on the maintenance 
of adequate intravascular volume and blood pressure in the operating room before 
organ harvesting. Retrospective data from renal transplant registries show that the 
administration of vasopressors (dopamine, dobutamine, isoproterenol) results in a 
lower incidence of acute rejection as well as improved graft survival after transplan-
tation [ 5 ]. Although these data do not directly confi rm a benefi t in renal preserva-
tion, they do nevertheless suggest that these therapies provide adequate cardiac 
output for maintaining renal perfusion. Schnuelle and colleagues reported that 
brain-dead donors receiving a continuous infusion of norepinephrine (≤0.4 ug/kg/
min), and who were randomized to a treatment group with an infusion of 4 μg/kg/
min of dopamine until cross-clamping at harvest, reduced the need for dialysis after 
renal allograft transplantation [ 7 ]. Mannitol, dopamine, and diuretics are reported to 
prevent tubular obstruction by maintaining adequate urine output in the event of 
acute tubular necrosis. However, clinical evidence shows that the only diuretic con-
ferring a renal preservation benefi t is mannitol [ 7 ]. 

 The management of living-donor kidney transplantation includes preparation of 
a general anesthetic for laparoscopic kidney harvesting. Primary anesthetic goals 
focus upon maintaining adequate renal perfusion, which is accomplished by induc-
ing a moderate hypervolemic state and administering mannitol before allograft isch-
emia as renal preservation therapy. Living donation has always raised concerns 
about the short-term and long-term safety of the donor. Large review studies which 
followed outcomes of living kidney donors reported mortality of 0.02–0.03% and 
incidence of ESRD rates among screened kidney donors matching general popula-
tion expectations. Among the surviving donors, most appeared to maintain adequate 
GFR (glomerular fi ltration rate) levels, close to normal albumin excretion, and had 
excellent quality of life [ 8 ]. Controversies remain about the signifi cance of a slight 
increase in post-donation HTN and albuminuria in live donors reported by some 
studies; however, it seems that the risk is acceptable if donors receive optimal fol-
low- up and care [ 9 ]. Generally only healthy individuals are accepted as living kid-
ney donors; however, in recent years some institutions have become more liberal 
and accept “medically complex donors” for living donation [ 9 ]. Conditions such as 
obesity, hypertension, and GFR less than 60 would have been disqualifying in the 
past, but as one retrospective review of short-term outcomes reported, recipients of 
these donor types did not suffer increased mortality and morbidity. However, these 
fi ndings should be confi rmed in larger long-term outcome studies [ 10 ,  11 ]. Despite 
very encouraging donor outcomes, there are studies reporting signifi cant incidence 
of chronic pain after open living donation [ 12 ]. Laparoscopic donor nephrectomy is 
becoming the technique of choice and may decrease the incidence of chronic post-
operative pain [ 12 ,  13 ]. Also, laparoscopic donor nephrectomy seems to be at least 

7 Anesthesia for Renal Transplantation: Donor and Recipient Care



130

as safe as open procedures; it decreases donor postoperative length of stay and 
allows better cosmetic results without compromising kidney graft function [ 14 ,  15 ]. 

 Donation after cardiac death shows the greatest increase in the supply of organs 
for transplantation. Unfortunately the DCD process in the United States remains 
without a defi nitive national standard and is subject to local legal jurisdictions. Most 
hospitals that allow DCD use variations on protocols established by the University 
of Pittsburgh Medical Center [ 16 ]. The anesthesiology team should understand that 
the primary care team, not the anesthesiology team, is mainly responsible for man-
aging the donor in the critical care setting and in the operating room when donation 
occurs after cardiac death. Involvement of the anesthesiology care team may vary in 
different institutions and is regulated by individual institution internal protocols. 
This constraint differs signifi cantly from the criteria that govern a deceased donor.   

    Recipient Management 

 Chronic kidney disease (CKD) is a common medical condition affecting millions of 
individuals worldwide. The National Kidney Foundation defi nes it as decreased 
kidney function or a decrease in GFR for three consecutive months. Chronic kidney 
disease is classifi ed into fi ve stages:
•    Stage 1: Kidney damage with normal or increased GFR (GFR > 90)  
•   Stage 2: Mild reduction in GFR (GFR 60–89)  
•   Stage 3: Moderate reduction in GFR (GFR 30–59)  
•   Stage 4: Severe reduction in GFR (GFR 15–29)  
•   Stage 5: Kidney failure (GFR < 15)    

 Patients with stages 1–3 chronic kidney disease are typically asymptomatic, 
while those with stages 4 or 5 disease have problems with altered kidney function 
and a progressive deterioration that commonly leads to end-stage renal disease. 
Kidney disease is the ninth leading cause of death in the United States, and the inci-
dence and prevalence of the disease is increasing. 

 According to the United States Renal Data System for 2010, more than 115,000 
new diagnoses of end-stage renal disease (ESRD) were made, while the prevalence 
of disease in that year was almost 600,000. Males in the 45–64 year old age group 
accounted for the greatest number of new cases and also had the greatest prevalence 
of the disease [ 17 ]. While end-stage renal disease affects all races, a higher inci-
dence occurs in African-Americans than in Caucasians. In fact, ESRD rates of 
African-Americans exceed those of Caucasians at all levels of baseline estimated 
GFR with an overall incidence almost four times greater [ 18 ]. 

 Chronic kidney disease progresses to ESRD in the majority of patients. The pro-
gression of the disease is based on the primary diagnosis, how advanced the primary 
disease is when diagnosed, individual patient factors, and the success of preventive 
measures. In more severe forms of ESRD, uremic complications can cause signifi -
cant morbidity and/or mortality. These problems can be abated with appropriate 
timing in the initiation of chronic renal replacement therapy. Despite a relative pla-
teau in disease progression with either hemodialysis or peritoneal dialysis, chronic 
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dialysis patients have a higher incidence of hospitalizations and a poorer quality of 
life than patients not on chronic dialysis or those following renal transplant. The 
5-year survival of a comparable group of patients following successful renal trans-
plantation versus those receiving dialysis is approximately 70% and 30%, respec-
tively [ 19 ]. In fact, not only does renal transplantation lengthen the survival of those 
with ESRD, but dialysis itself has been shown to negatively affect posttransplant 
graft and patient survival [ 20 ]. Nevertheless, despite its proven benefi ts over dialy-
sis, renal transplantation itself is not without risks. 

 Numerous problems in the care of the recipient can be encountered by the anesthe-
sia provider during the perioperative period. Severe anemia, uncontrolled hyperten-
sion, congestive heart failure, hyperkalemia, and circulatory collapse can occur. While 
greater understanding of the comorbid conditions associated with ESRD and their 
treatment during the perioperative period has facilitated improved graft survival and 
reduced morbidity and mortality, careful preoperative assessment is still warranted.  

    Preoperative Considerations 

 While diabetes and hypertension are, respectively, the fi rst and second most com-
mon causes of ESRD, many other causes of chronic renal failure should be consid-
ered, as shown in Table  7.1 .

   Table 7.1    Causes of chronic renal failure   

  Glomerulopathies  
 Primary glomerular disease 
 Focal glomerulosclerosis 
 Membranous nephropathy 
 Immunoglobulin A nephropathy 
 Membranoproliferative glomerulonephritis 
 Glomerulopathies associated with systemic disease 
 Amyloidosis 
 Postinfectious glomerulonephritis 
 Systemic lupus erythematosus 
 Wegener’s granulomatosis 

  Tubulointerstitial disease  
 Analgesic nephropathy 
 Refl ux nephropathy with pyelonephritis 
 Myeloma kidney 
 Sarcoidosis 

  Hereditary disease  
 Polycystic kidney disease 
 Alport disease 
 Medullary cystic disease 

  Renal vascular disease  
  Obstructive uropathy  
  Human immunodefi ciency virus  [ 21 ] 
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   Even before preoperative evaluation, assessment should be made of patient fac-
tors to determine acceptability as a transplant candidate. Some factors pose an abso-
lute contraindication to renal transplantation; however, other more relative 
 contraindications can be resolved or optimized in preparation for organ transplanta-
tion. The list of absolute and relative contraindications is listed in Table  7.2 .

   As knowledge of how to manage transplant patients has evolved and the morbid-
ity and mortality associated with transplant surgery decrease, views have changed 
regarding which patient conditions are considered unacceptable for renal transplant. 
Patients with conditions such as insulin-dependent diabetes, severe cardiomyopa-
thy, and morbid obesity are now considered appropriate candidates. As a result, the 
number of potential transplant recipients has increased in recent years [ 22 ]. 
Preoperatively a focused evaluation of blood pressure control, medical management 
of cardiovascular disease, diabetes management, abnormal coagulation status, ane-
mia, and electrolyte values are necessary. 

    Hypertension 

 Hypertension, as mentioned previously, is the second most common cause of ESRD. 
The incidence of hypertensive patients developing ESRD is increased in those with 
elevated diastolic pressures, specifi cally men, older adults, and African-Americans 
[ 22 ]. A thorough review of hypertensive medications is important preoperatively. 
Hypertensive candidates for renal transplant are controlled with a variety of antihyper-
tensive medications. Among these are diuretics, α-blockers, β-blockers, calcium 
channel blockers, angiotensin-converting enzyme inhibitors (ACE-I), and angiotensin 
receptor blockers (ARB). Depending on the degree of renal impairment, lower dos-
ages of these drugs may be required. Additionally, abrupt discontinuation of various 
classes of antihypertensive drugs, specifi cally α-blockers and β-blockers, can cause 
rebound hypertension and tachycardia. Continuation of antihypertensive drugs is 
therefore warranted to minimize such complications during the perioperative period. 
Despite consensus on the benefi ts of continuing most antihypertensive drugs in the 

   Table 7.2    Contraindications to renal transplantation   

 Contraindication  Absolute  Relative 
 Active substance abuse  X 
 Active system disease (lupus, sickle cell disease, Wegener’s disease)  X 
 Cancer  X 
 Cardiac disease  X 
 Cerebrovascular disease  X 
 Chronic illness with short life expectancy (irreversible heart, lung, 
liver disease) 

 X 

 Hepatitis B/C infection  X 
 Morbid obesity  X 
 Ongoing medical noncompliance  X 
 Smoker  X 
 Untreated infection (tuberculosis, UTI)  X 
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perioperative period, controversy exists regarding the optimal timing of ACE-I and 
ARB administration. While different institutions have varying practice methods 
regarding this issue, most experts in the fi eld recognize that a signifi cant risk is posed 
of post-induction hypotension when either an ACE-I or ARB is given. ARBs tend to 
pose a greater risk than ACE-I, while the risk of both classes is abated with discon-
tinuation greater than 10 h prior to the induction of anesthesia [ 23 ,  24 ]. Care should 
also be taken to monitor serum potassium levels of patients who are taking diuretics 
or ACE-I, as severe hypokalemia or hyperkalemia can occur with these drugs. 
Pulmonary hypertension, in addition to systemic hypertension, is of concern for a 
select group of patients with ESRD. Patients on long- term dialysis through an arterio-
venous fi stula were found to have a higher incidence of pulmonary hypertension than 
a control group of patients receiving peritoneal dialysis [ 25 ]. Although in most 
patients pulmonary pressures return to normal after renal transplantation, careful eval-
uation is necessary preoperatively to guide intraoperative anesthetic management.  

    Cardiovascular Disease 

 Cardiovascular disease (CVD) is common in patients with ESRD. Prevalence rates 
of 35–50% have been observed in dialysis patients while even higher rates (50–
85%) affect those older than 45 years who have diabetes [ 26 ,  27 ]. The high inci-
dence of CVD, left ventricular hypertrophy, and congestive heart failure found in 
ESRD patients places them at a higher risk of adverse cardiovascular events periop-
eratively. Consistent with this fi nding is the fact that cardiovascular events are the 
leading cause of death after kidney transplantation. However, despite the potential 
morbidity and mortality of renal transplants in those with ESRD and/or diabetes, 
rarely is CVD a contraindication to renal transplantation. An exception to this con-
traindication is a patient with severe ventricular dysfunction causing low cardiac 
output. In this instance, a low cardiac output state may compromise viability of the 
newly transplanted kidney due to poor blood fl ow. 

 Evaluation of CVD typically begins with a history and physical examination to 
assess symptoms, signs, risk factors, and physical status. While such an evaluation 
would be revealing for most patients, it must be kept in mind that many diabetic 
patients, despite severe coronary disease, may have asymptomatic or silent disease. 
Consequently a detailed history of these diabetic patients may have limited value. 
Noninvasive screening consisting of electrocardiography, echocardiography, and/or 
stress testing should be performed to detect coronary ischemia in patients with 
symptoms or signs of CVD or in those with the potential for occult CVD. Those at 
risk of occult disease include patients older than 50 years, non-insulin-dependent 
diabetics older than 45 years, diagnosis of diabetes for greater than 25 years, patients 
with severe peripheral vascular disease, or those who have smoked more than 5 
years [ 28 ,  29 ]. The sensitivity and predictive accuracy of an exercise stress test 
is low in diabetic patients. In these patients, greater benefi t may therefore be 
obtained from a stress test with imaging [ 30 ]. Patients with a positive stress test 
should be referred to a cardiologist and coronary angiography should be considered. 
Nonischemic cardiomyopathy, such as uremic cardiomyopathy, is no longer 
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considered an absolute contraindication to renal transplantation [ 31 ]. Not only do 
such conditions improve with aggressive dialysis, but more importantly the cardio-
myopathy found in these patients is reversible with renal transplantation. Studies on 
the effects of renal transplantation on cardiac function in patients with severe non-
ischemic cardiomyopathy have found initial ejection fractions of 20–35% improve 
to almost 70% within 1–2 weeks of the transplanted kidney [ 32 ,  33 ]. Despite 
improvement in cardiovascular disease following renal transplantation, the anesthe-
siologist should be aware of and prepared for the potential of intraoperative hemo-
dynamic instability and tailor the anesthetic plan accordingly. The use of invasive 
monitoring, such as arterial and central venous monitoring, should be considered as 
well as the use of intraoperative echocardiography in experienced hands. 
Alternatively, establishing a specifi c hemodynamic goal and using a goal-directed 
approach to fl uid replacement instead of a liberal administration of fl uids may be as 
effective. Studies have not only shown decreased perioperative morbidity with goal-
directed fl uid therapy but also decreased length of hospital stay [ 34 ].  

    Diabetes Mellitus 

 While the optimal form of transplant for the diabetic ESRD patient is important and 
should be thoroughly discussed, perioperative concerns for the anesthesiologist 
revolve around the complications of the disease itself. As mentioned previously, 
transplantation offers a greater life expectancy than does continuation on dialysis. 
Despite this fact, risks of renal transplantation remain. Acute coronary syndrome 
(acute myocardial infarction) remains the most common cause of mortality for dia-
betic patients who have had renal transplants. Indeed, vascular complications in 
general plague the success of renal transplants in the diabetic patient. Almost half 
the diabetic patients with preexisting coronary artery disease and/or congestive 
heart failure who have undergone renal transplantation die of vascular complica-
tions within three posttransplant years [ 29 ]. Vascular complications include multi-
ple surgeries for amputations, as well as myocardial infarctions and cerebrovascular 
accidents. 

 Another signifi cant concern for ESRD patients with long-standing diabetes is the 
development of stiff joint syndrome. The syndrome is characterized by joint rigidity 
and tight waxy skin. Type I diabetic patients may also be short statured in addition 
to having the previous fi ndings. The fourth and fi fth proximal phalangeal joints are 
most commonly involved. Patients with diabetic stiff joint syndrome have diffi culty 
approximating their palms and cannot bend their fi ngers backwards as noted by the 
“prayer sign.” The condition is caused by nonenzymatic glycosylation of collagen 
and subsequent deposition into joints. When the cervical spine is involved, direct 
laryngoscopic intubation may be diffi cult due to limited atlanto-occipital joint 
motion. Consideration of alternate means of securing the airway, such as fi beroptic 
intubation, is therefore warranted. 

 Diabetic autonomic neuropathy (DAN) is also a serious complication of diabetes. 
It can affect multiple organ systems including the gastrointestinal (GI) and cardio-
vascular systems. Up to 20% of randomly selected asymptomatic diabetic patients 
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have been found to have abnormal cardiovascular autonomic function [ 35 ]. Some of 
the clinical fi ndings of DAN include gastroparesis, constipation, a resting bradycar-
dia or tachycardia, exercise intolerance, orthostatic hypotension, “brittle diabetes,” 
and labile blood pressures under anesthesia. If GI problems related to DAN are 
suspected or are present, precautions against aspiration should be instituted. While 
drugs such as H 2 -blockers, sodium citrate, and metoclopramide have been used to 
reduce or neutralize gastric acidity and facilitate gastric emptying, aspiration-pre-
vention medications should be tailored to individual patient history and disease 
severity. A study by Jellish et al. shows little difference in gastric volumes of fasting 
patients across a spectrum that includes those with severe diabetic autonomic neu-
ropathy unless a history of poor glucose control was elicited [ 36 ].  

    Coagulopathy 

 Chronic kidney disease promotes an increase in tissue factor, von Willebrand factor, 
fi brinogen, factor VIII, lupus anticoagulant, activated protein C and S, and anti-
thrombin II, in addition to causing platelet hyperactivity [ 37 ,  38 ]. These factors, 
along with other hemostatic abnormalities, promote a procoagulant state even in 
mild CKD. As kidney dysfunction progresses to end-stage renal disease, patients 
exhibit platelet dysfunction, which can present as cutaneous, mucosal, or serosal 
bleeding [ 37 ]. The procoagulant state as well as platelet function improve with renal 
transplantation [ 36 ,  39 ]. Preoperative correction of hemostatic factors is important 
not only to minimize intraoperative and postoperative blood loss but also to decrease 
the potential of a hematoma from poor hemostasis progressing to an infectious 
source. The mainstay of treatment in correcting hemostatic abnormalities is dialysis 
for the improvement of platelet function and cryoprecipitate or desmopressin.  

    Anemia 

 Chronic anemia is a common problem in patients with ESRD due to decreased 
erythropoietin production from the kidneys. While chronic anemia causes a right 
shift of the oxygen–hemoglobin dissociation curve, thereby causing increased oxy-
gen unloading and delivery to tissues, comorbid conditions and surgical stress typi-
cally warrant higher hemoglobin levels. Ideally, recombinant erythropoietin therapy 
should be started in patients who show signs of clinical compromise from low 
hemoglobin levels. Preoperative blood transfusions have fallen out of favor due to 
the risks associated with transfusions compared to minimal advantages.  

    Electrolyte Abnormalities 

 While the goal for patients in general is to correct electrolytes prior to surgery, 
obtaining those normal values is often diffi cult in patients with CKD. The goal 
therefore should be to achieve electrolyte levels that are within baseline for each 
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individual patient. Hyperkalemia specifi cally is a common feature of CKD and 
ESRD, and levels are typically elevated at a set point higher than the range found in 
those with normal kidney function. The current level as well as the trend in potas-
sium levels should therefore be carefully noted. Steady-state levels in the range of 
5–5.5 mmol/L are common and acceptable, while higher levels typically require 
treatment with dialysis or pharmacologic agents. Calcium is given to antagonize 
cardiac toxic effects and to stabilize cardiac membrane, magnesium can be given to 
prevent or suppress torsades de pointes, and glucose, insulin, β-agonists (such as 
albuterol), and sodium bicarbonate can be given to shift potassium intracellularly.   

    Intraoperative Considerations 

    Premedication 

 Before premedication, the patient should be evaluated to assess the level of anxiety 
and the severity of kidney disease. In addition, physiologic factors such as volume 
status should be determined. If the decision is made to proceed with premedication, 
reduced doses of drugs may be warranted as well as avoidance of certain types of 
drugs whose side effects may worsen in ESRD. A water-soluble drug such as mid-
azolam over a lipid-soluble one such as diazepam is preferred. 

 During interview of the patient, a detailed history, including that of gastroesopha-
geal refl ux disease or delayed gastric emptying, should be elicited to avoid the 
potential for gastric aspiration. This information is especially essential for ESRD 
patients who have diabetes mellitus. Delayed gastric emptying occurs in up to 30% 
of diabetic patients and may cause intermittent symptoms or be completely asymp-
tomatic [ 22 ]. For the prevention of gastric aspiration, an agent such as sodium citrate 
30 ml can be given orally.  

    Intraoperative Monitoring 

 In addition to the ASA standard of monitoring oxygenation, ventilation, circulation, 
and temperature, urinary output should also be monitored. Adequate venous access 
in the event of rapid blood loss should also be available. Intra-arterial monitoring 
may also be useful and in many institutions is mandatory. Frequent blood samples 
are often needed to monitor acid–base status which can aid in determining whether 
an extubation attempt is plausible at the end of the case, as well as for monitoring 
electrolyte and blood glucose values. Additionally, depending on patient position-
ing, intra-arterial monitoring may be more reliable than noninvasive blood pressure 
monitoring with the arms tucked. A transesophageal echocardiographic (TEE) 
exam, instead of a pulmonary arterial catheter (PAC), should be used intraopera-
tively for immediate cardiac evaluation. Additional information can be obtained 
with TEE but with less risk than that of PAC placement and use.  
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    Pharmacology 

 Chronic kidney disease has direct adverse effects on drug clearance and excretion, 
effects which typically manifest in stage 3 kidney disease or when a GFR is 50. 
However, the sequelae of the disease extend beyond those related strictly to kidney 
function. In addition to altered renal function, consideration should also be given to 
the effects of CKD on the production and accumulation of active metabolites and 
the potential of a drug to worsen an existing compromised renal function. The phar-
macokinetic and pharmacodynamic actions of a drug are thus altered in chronic 
kidney disease.  

    Pharmacokinetic Changes 

    Absorption 
 Drug absorption can be altered by a number of pathophysiologic changes of CKD. 
These include an increased gastric pH due to the conversion of urea to ammonia and 
gut edema and the potential for delayed gastric emptying from gastroparesis. An 
increase in intestinal absorption and bioavailability of various drugs has also been 
seen – effects which some believe result from a reduction in specifi c intestinal gly-
coproteins [ 40 ].  

    Distribution 
 Chronic kidney disease may alter the distribution of drugs through changes in total 
body water, plasma protein binding, or hepatic metabolism. Total body water is 
most often controlled through dialysis in ESRD. It follows, then, that the steady- 
state concentration of various drug infusions is increased or decreased on the basis 
of when the last dialysis session occurred. Acidic drugs bind mainly to albumin 
while basic drugs bind mainly to α 1 -acid glycoprotein. Accumulation of uric and 
lactic acid competes for binding sites on these plasma proteins; this accumulation 
increases the volume of distribution and clearance because of an increase in the free 
fraction of a drug. However, despite this increase in the free fraction, no signifi cant 
change is seen in drug exposure [ 41 ].  

    Elimination 
 The nature of chronic kidney disease predisposes to altered clearance and excretion 
of drugs eliminated by the kidney. Additionally, the kidneys contribute up to 18% of 
cytochrome P450 drug metabolism; therefore, drugs cleared and eliminated by the 
liver are also affected [ 40 ]. Hepatic blood fl ow and the free fraction of a drug can 
affect hepatic clearance, which can be altered in CKD.   

    IV Anesthetic Agents 

 Consideration of which IV induction agents to use is largely based on consideration 
of comorbid conditions associated with chronic kidney disease. Uncontrolled 
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hypertension, severe cardiac disease, or brittle diabetes may make certain agents 
preferable to others. 

 The pharmacokinetic profi le of propofol is unchanged by renal failure. It can, 
however, cause severe hypotension, especially in patients who may be relatively 
hypovolemic following dialysis or who have poor cardiac function as a result of 
renal disease. Nevertheless, despite the potential for severe hypotension that may 
follow propofol use, evidence suggests a need for increased induction doses of pro-
pofol in ESRD patients compared to the doses in normal controls [ 42 ]. With regard 
to intraoperative factors that can affect postoperative course, surgical stress is a 
known risk factor that can affect the postoperative course of many patients. 
Prostaglandin levels have been used as biomarkers to study the impact of renal 
transplantation on oxidative stress and the infl ammatory response. In comparisons 
of propofol to other IV induction agents, propofol has been shown to counteract 
oxidative stress by lowering prostaglandin formation [ 42 ]. This action may abate 
free-radical ischemia–reperfusion-induced oxidative injury of renal transplantation 
and reduce surgical stress perioperatively. 

 Thiopental can also be used safely in renal patients. Because of an increased 
volume of distribution, reduced plasma proteins, and a relative hypovolemia that 
follows dialysis, the brain of a patient with CKD sees higher free drug concentra-
tions of thiopental. Reduced doses of the drug are consequently indicated. Etomidate 
and ketamine are also useful agents. Etomidate has minimal cardiodepressant 
effects but is associated with myoclonus and pain on injection; it also potentially 
increases the risk of postoperative nausea and vomiting. Patients with uremic car-
diomyopathy may benefi t from the cardiac stimulatory effects of ketamine, but this 
should be used with caution in poorly controlled hypertensive patients, as it can 
worsen elevated blood pressures.  

    Opioids 

 Opioids have no direct toxic effects on the kidney, but they do have an antidiuretic 
effect and can cause urinary retention. Hemodialysis does not affect the plasma 
concentration of fentanyl, but it does reduce clearance rates and prolong elimination 
half-life of remifentanil [ 40 ]. Lower infusion rates of remifentanil are therefore 
required, but recovery is not signifi cantly prolonged [ 40 ]. Fentanyl, alfentanil, remi-
fentanil, and sufentanil lack active metabolites, and they do not have a signifi cantly 
prolonged clearance [ 43 ]. Both morphine and meperidine, on the other hand, raise 
concern in patients with CKD. 

 Morphine is metabolized primarily to morphine-3-glucuronide (M3G) and a 
smaller proportion to morphine-6-glucuronide (M6G). M3G antagonizes the anal-
gesic effect of morphine, causes irritability, and decreases the seizure threshold 
[ 44 ]. M3G, on the other hand, crosses the blood–brain barrier slowly and is associ-
ated with delayed onset of sedation and delayed respiratory depression [ 45 ]. The 
active metabolite of meperidine, normeperidine, can also accumulate in renal dis-
ease and decrease the seizure threshold. Due to the potential harmful effects of these 
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metabolites, it is recommended that repeat doses of morphine and meperidine be 
avoided in patients with CKD.  

    Neuromuscular Blocking and Reversal Agents 

 The severity of renal disease and the resulting effects on clearance and elimination, 
drug accumulation, and active metabolites should also be considered when selecting 
the appropriate neuromuscular blocking agent (NMBA). Use of either depolarizing 
or nondepolarizing NMBAs depends on the need for rapid sequence intubation. 

 Succinylcholine is the preferred agent for rapid sequence induction. Although it 
induces adequate intubation conditions within 30–60 s, hyperkalemia among other 
effects is common with the drug. Levels typically increase by 0.5–1 mEq/L within 
3–5 min and lasts 10–15 min [ 46 ]. Provided that serum potassium is less than 
5.5 mEq/L, succinylcholine is appropriate for use in rapid sequence induction of 
end-stage renal disease patients. In instances where the serum potassium is higher 
than 5.5 mEq/L or with other concerns of administering succinylcholine, high-dose 
rocuronium bromide (1.2 mg/kg) becomes an adequate alternative. Intubating con-
ditions with this dose of rocuronium can typically be achieved in 60–90 s. 

 Of the nondepolarizing NMBAs, the longer-acting agents should be avoided in 
order to prevent the inability to fully reverse paralysis in these patients. Of the short- 
acting and intermediate-acting agents, the initial dose required to produce neuro-
muscular block is larger in patients with CKD, while the block maintenance dose 
throughout the surgery, with the exception of atracurium and cisatracurium, is 
reduced [ 40 ]. Two of the more common agents used in patients with CKD are atra-
curium or cisatracurium. Both are independent of renal and hepatic function for 
elimination and are eliminated by a process known as Hoffman elimination. 
Atracurium is less potent and has a shorter duration of action than that of cisatracu-
rium, but it produces ten times the amount of laudanosine, which is a product of 
Hoffman elimination. Laudanosine has been shown to be epileptogenic in animal 
studies (requires approximately 10× normal dose to show this effect) and in patients 
with hepatic failure [ 22 ,  40 ]. Atracurium also produces greater histamine release, 
which can exacerbate the potential hemodynamic instability to which CKD patients 
are prone. Rocuronium is primarily eliminated in the liver, but 10–25% by the kid-
ney. Plasma clearance is unchanged, but volume of distribution and elimination 
half-life increase in renal-failure patients undergoing renal transplant. However, 
single and repeated doses of rocuronium do not signifi cantly affect the duration of 
action [ 47 ]. While most vecuronium is metabolized and eliminated by the liver, a 
large portion is renally eliminated. It is metabolized to a product that has neuromus-
cular blocking activity, and as a result repeated doses or an infusion can accumulate 
and delay postoperative recovery. While mivacurium is no longer available in the 
United States, a discussion of its pharmacokinetics in CKD remains valid. The kid-
ney eliminates less than 5% of mivacurium. Most is metabolized by plasma cholin-
esterase. Because plasma cholinesterase activity decreases in CKD, clearance of 
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mivacurium is accordingly reduced and it may accumulate. Spontaneous recovery 
may be delayed; therefore, lower infusion rates are required [ 40 ].  

 All of the anticholinesterases used to reverse the effects of NMBAs have an 
increased elimination half-life and decreased clearance in patients with CKD. 
Because of this, some of the side effects, such as bradycardia or atrioventricular 
block, may persist, especially with the use of neostigmine. Combination with a 
longer-acting anticholinergic drug such as glycopyrrolate is therefore recommended 
instead of a shorter-acting one such as atropine.  

    Inhalational Agents 

 Chronic kidney disease does not signifi cantly affect the dosing of inhalational 
agents. One of the major concerns with volatile agents is the accumulation of meta-
bolic products such as inorganic fl uoride, which may increase renal damage. 
Because of this concern, isofl urane is the agent most commonly used. Its advantages 
include its lack of nephrotoxic properties, preservation of renal blood fl ow, and 
peripheral vasodilatation [ 22 ]. Similarly, desfl urane is not associated with metabolic 
products causing renal toxicity. 

 Concerns with the use of sevofl urane stem from the potential for elevated fl uo-
ride levels as well as production of compound A when a reaction with CO 2  absor-
bents occurs. In a study comparing the effects of sevofl urane on BUN and creatinine 
to the effects of isofl urane, enfl urane, or propofol, the authors noted no signifi cant 
differences in postoperative values. They therefore concluded, regarding renal tox-
icity, that sevofl urane is no worse than other agents when less than 4 MAC/h is used 
[ 48 ]. Additional studies have shown no renal toxic effects of sevofl urane with its 
production of compound A when compared to isofl urane in low fl ow states of mod-
erate duration (3–4 h) or with longer fl ow states up to 17 h of exposure [ 49 ]. Even a 
study assessing the onset of diuresis, the need for postoperative dialysis, and the 
incidence of rejection between sevofl urane and isofl urane showed no signifi cant 
difference [ 50 ]. On the basis of these studies, it seems that concerns about the use 
of sevofl urane with CKD are unfounded. 

 Enfl urane, on the other hand, compromises renal function. Although its biotrans-
formation to inorganic fl uoride is less than that of sevofl urane, it is greater than that 
of either isofl urane or desfl urane. It is known to cause an inability to concentrate 
urine due to its vasopressin-resistant effects and is best avoided in patients with 
renal dysfunction.  

    Anesthetic Management 

 Many of the early renal transplant surgeries were performed under spinal anesthesia 
due to limited means of providing general anesthesia. Today, while some still advo-
cate spinal anesthesia or a combined spinal–epidural anesthetic technique for kid-
ney transplantation [ 51 – 53 ], the standard of care is general anesthesia. Some of the 
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advantages of general anesthesia include absolute immobility of the patient during 
the vascular anastomosis and adequate control of ventilation and oxygenation in 
patients potentially suffering from uremic complications. Additionally, patients 
with ESRD are prone to coagulopathies that increase the risk of an epidural hema-
toma. Coexisting cardiac disease is also common and may worsen the sequelae of 
hypotension seen with spinal anesthetics. 

 A recent abstract concluded that renal transplantation should be delayed until 
daytime hours because of evidence suggesting that signifi cant risks are incurred 
when kidney transplants are performed at night [ 54 ].  

    Donor Type 

 Renal transplant recipients can receive a kidney from either a living donor or a 
cadaveric kidney. Approximately 75% of kidney recipients receive cadaveric donor 
grafts. With respect to hypotension and immediate function of the transplanted 
organ (noted by the presence of diuresis), cadaveric donor grafts were associated 
with greater hemodynamic instability, lower CVP, and slower onset of diuresis than 
living kidney grafts [ 55 ].  

    Ischemia Time 

 Maximal kidney viability following transplantation depends on a minimal amount 
of donor ischemic kidney time. Ischemia time starts with clamping of the donor 
kidney vessels and ends with reperfusion of the kidney following vascular anasto-
mosis of recipient and donor vessels. The ischemic phase consists of a warm isch-
emic period and a cold ischemic period. Warm ischemia extends from clamping of 
the donor kidney vessels to infusion of the preservation solution and from donor 
kidney placement in the recipient to reperfusion after the vascular anastomosis. 
Excessive warm ischemia times often result in acute tubular necrosis in the postop-
erative period. The cold ischemic period extends from the time the donor kidney is 
stored in preservation fl uid until it is placed in the recipient. Ideally, cold ischemic 
time lasts less than 24 h, with the 24-h time window being the cutoff for short and 
long cold ischemic times. Longer cold ischemic times are associated with poorer 
graft function, and dialysis is often needed in the immediate postoperative period 
following long cold ischemic times until viability of the graft can be determined.  

    Hemodynamic Stability 

 The brunt of hemodynamic stability revolves around adequate intravascular volume 
status during the intraoperative period. Intraoperative volume expansion is associ-
ated with improved renal blood fl ow and immediate graft function, which is evi-
denced by the early onset of urine output in the transplanted kidney. Immediate graft 
function has been shown to increase graft survival and decrease mortality [ 19 ]. 
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Maintaining a euvolemic state by keeping the central venous pressure (CVP), if 
available, within normal limits or slightly higher is typically the goal of volume 
expansion. This rule is negated in patients who have recently taken an ACE inhibi-
tor as volume rarely counteracts the hypotension seen as a result of its use. The CVP 
range most often recommended is 10–15 mmHg. While volume expansion can 
occur with crystalloid or colloid, the nature of colloid allows it to remain in the 
vascular tree instead of being lost to the extravascular space through leaky capillar-
ies, as is the case with crystalloid. Despite this difference, either form of hydration 
can be used to achieve a stable hemodynamic profi le and adequate graft function as 
long as hydration is directed toward maintaining a target CVP (normal CVP) during 
the transplantation [ 56 ]. Alternatively, as mentioned previously, goal-directed fl uid 
therapy has also emerged as an effective means to maintain fl uid status. Under 
skilled hands, echocardiography is also an effective tool that can be used to assess 
fl uid volume status. While intravascular volume expansion is the primary method of 
maintaining adequate intravascular volume and stimulating urine production, other 
measures are occasionally needed including the use of loop diuretics, mannitol, and 
dopamine agonists. 

 Loop diuretics promote diuresis by counteracting the effects of antidiuretic hor-
mone to surgical stress, and their action occurs in the ascending loop of Henle. 
Mannitol, on the other hand, is an osmotic diuretic which works in the proximal 
renal tubules to inhibit water reabsorption. Potential side effects include rapid intra-
vascular volume expansion leading to pulmonary edema or heart failure. Low-dose 
dopamine and fenoldopam stimulate dopamine receptors, which results in enhanced 
renal blood fl ow to promote diuresis. While some or all of these adjunctive medica-
tions are used to promote diuresis immediately following reperfusion, only manni-
tol has been shown to decrease the incidence of acute tubular necrosis after renal 
transplantation.   

    Postoperative Management 

    Emergence and the Postoperative Course 

 Most patients can be extubated at the conclusion of the surgery. Admission to the 
intensive care unit occurs in a small percentage of patients, but most patients can 
successfully be cared for on a regular nursing fl oor. In the immediate postoperative 
period, concerns over allograft failure and renal vascular thrombosis predominate. 
Although advances in immunosuppressive therapy have reduced early allograft fail-
ure from acute rejection, graft thrombosis persists as one of the recurring complica-
tions acutely following renal transplantation [ 57 ]. An inherited hypercoagulable 
state may be the cause of the predisposition to acute allograft thrombosis. Beyond 
the immediate postoperative period, cardiovascular events are the most common 
cause of death for recipients with a functioning graft [ 58 ]. Diabetic patients with 
preexisting cardiac disease are at especially high risk of perioperative cardiac events 
following renal transplantation [ 59 ].  
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    Postoperative Pain Management 

 One of the greatest impacts an anesthesiologist can have on kidney recipient care is 
optimally managing postoperative pain. The pharmacokinetics of many drugs, 
including opioids, is altered in renal transplant recipients and presents a challenge 
for managing pain. In addition to changes in renal elimination of opioids, complica-
tions such as respiratory compromise, pruritus, nausea, vomiting, and urinary reten-
tion make opioid use a less than ideal choice in the postoperative period. Despite 
this fact, most pain following renal transplantation is controlled with the administra-
tion of IV opioids. Patient-controlled analgesia with an opioid is a widely accepted 
method for controlling pain. The preferred medication is commonly one with mini-
mal potential for active metabolite accumulation. 

 Neuraxial anesthesia with an epidural has been used to manage postoperative 
pain as well. The advantages of an epidural include a more targeted form of pain 
relief than that of IV opioid use and avoidance of many of the side effects of opioids. 
Disadvantages include the potential for a postdural puncture headache or failure, 
which may require, respectively, a blood patch or repeat epidural block. Additionally, 
many ESRD patients have preoperative coagulation abnormalities that may pre-
clude preoperative placement of an epidural. Occasionally kidney recipients receive 
heparin intraoperatively or require postoperative dialysis, which presents a concern 
for placement in the postoperative period as well as a potential for the development 
of an epidural hematoma. Lastly, epidural anesthesia may complicate hemodynamic 
status postoperatively by worsening hypotension. 

 Recently, the use of peripheral nerve blocks (PNBs) for postoperative pain con-
trol has been described. PNBs have the advantage of fewer side effects than those 
seen with opioid use, as well as fewer complications that are occasionally seen with 
epidural catheter placement. PNBs can also be performed when neuraxial blocks are 
contraindicated such as in patients with abnormal coagulation status. The transverse 
abdominis plane block (TAP) is the one primarily described, but other peripheral 
nerve blocks such as the ilioinguinal or iliohypogastric nerve blocks have been 
described and successfully used [ 60 ]. TAP blocks work well in cases in which a 
signifi cant degree of the pain is parietal pain, which is the case with most abdominal 
procedures [ 61 ]. Use of PNBs has been shown to improve pain scores, diminish the 
incidence of sedation, nausea, and vomiting, and reduce opioid requirements [ 62 , 
 63 ]. Although additional studies need to be performed in order to gain better insight 
into the role of PNBs as an adjunct to intravenous opioid use, its current safety pro-
fi le and ease of placement make it an ideal choice for postoperative pain control.   

    Conclusions 

 Kidney transplantation is the treatment of choice for the patient with ESRD. There 
remains an allograft demand that far outpaces supply of organs needed for proceed-
ing to transplantation with patients dependent on dialysis for survival. Improved 
perioperative knowledge for managing these patients has led to improved outcomes. 
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Understanding different renal donor classifi cations and the role of the anesthetic 
care team in the perioperative care of different donors are important objectives. 
Renal recipient assessment is necessary to optimize comorbid conditions that occur 
in CKD preoperatively. Criteria have been expanded to accept suitable, yet sicker, 
candidates for renal transplantation, and these new criteria will continue to chal-
lenge us as perioperative physicians in the management of these patients.     
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           Introduction 

 Less than 0.1% of all cases of hypertension are caused by pheochromocytomas. 
Even though the perioperative fatality rate has been reduced considerably over the 
last decades, these tumors are clearly important as signifi cant problems may still 
occur during tumor resection or in the perioperative phase of procedures for other 
issues [ 1 – 3 ]. Anesthetic management of these patients has advanced over time, with 
the introduction of pretreatment with phentolamine in the early 1950s and the 
α-antagonist phenoxybenzamine in the late 1960s and has been described in several 
reviews [ 4 – 18 ]. By employing these techniques, the perioperative mortality rate for 
elective resection of pheochromocytomas has been reduced from about 25% to 
0–3% today, but for undiagnosed, acute, or ill-prepared patients, mortality can still 
be as high as 50% [ 1 ,  9 ]. Experts agree that we have to protect the patient against 
hypertensive crisis, but the evidence for treatment prior to surgery is still lacking. 
Controlled studies are rare, but several retrospective studies [ 15 ,  19 – 22 ] analyzed 
the perianesthetic risks and outcomes for patients that underwent pheochromocy-
toma surgery in the time between 1964 and 2001 at tertiary centers in Europe and 
North America. Very few perioperative deaths were reported, a fact particularly 
noteworthy as no pretreatment with α-adrenergic blockers was used in the fi rst 
study of 102 patients [ 19 ] and in 29 of 63 patients in the second study [ 20 ]. 
Consistent fi nding in these studies was that control of blood volume and active use 
of vasodilating drugs, short-acting β-blockers, and vasopressors had the greatest 
impact on outcome, whereas type of anesthetic was of secondary importance. 
Preoperative systolic blood pressure, increased levels of urinary metanephrines, and 
prolonged anesthesia (large tumor size) were found to be independent risk factors. 
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Despite pretreatment, a considerable number of patients experienced intraoperative 
 hemodynamic instability. In a long-term follow-up of 121 patients that underwent 
surgery between 1950 and 1997, mortality was linked to age at primary surgery, 
cardiovascular disease, and unrelated malignancies. The only pheochromocytoma- 
related risk factor for death was the preoperative level of urinary secreted methoxy- 
catecholamines [ 23 ]. Recent developments on several aspects of pheochromocytoma 
management will be described. 

    Tumor Biology and Genetics 

 Background information on pheochromocytomas is found in a number of reviews 
[ 24 – 31 ]. Pheochromocytomas occur in both sexes and the highest incidence is at 
30–50 years of age. The term  pheochromocytoma  is now reserved for catecholamine- 
secreting adrenal tumors, and the term  functional paraganglioma  is used for 
catecholamine- secreting extra-adrenal tumors; these are rare neuroendocrine tumors 
with an estimated prevalence of 1:4,500 and 1:1,700 and with an annual incidence 
of 1–8 cases per one million per year in the general population [ 32 ,  33 ]. A consider-
able percentage of the tumors are inherited, either as an autosomal-dominant trait or 
as part of a neoplastic endocrine syndrome (Table  8.1 ). Recent research develop-
ments [ 39 ] have challenged the traditional “10% rule” (i.e., 10% malignant, 10% 
bilateral, 10% extra-adrenal (and of those 10% extra-abdominal), 10% not hyper-
tensive, 10% hereditary). In 2000–2001, germ line mutations in the genes encoding 
the subunits of the succinate dehydrogenase (SDH) enzyme were identifi ed in 
patients with hereditary paraganglioma or familial pheochromocytoma but also in 
patients with an apparently sporadic form of the disease. These discoveries made it 
possible to combine the two conditions into a single hereditary syndrome. Human 
genetic studies have now shown that approximately 30% of patients have hereditary 
pheochromocytoma or a germ line mutation in the SDH, VHL, RET, or NF1 gene. 
Very recently the SDHAF2, the KIF1Bbeta, and the PHD2 genes were added. 
Overall, germ line mutations may in total account for as much as 40–45% of these 
tumors [ 40 ]. In the NANETS guideline [ 34 ], the fi gures for adults are lower, but for 
children the estimate is 40%. The risk of malignancy substantially exceeds the 10% 
in patients with extra-adrenal disease and in carriers of the germ line SDH subunit 
B mutations [ 28 ,  39 ]. The diagnosis of benign versus malignant cannot be deter-
mined by histologic appearance, instead it is dependent on whether metastases are 
present or not. Prognostic factors are local invasiveness, tumor size, and DNA 
 ploidy  pattern [ 7 ].

   Whereas pheochromocytomas and abdominal paragangliomas are catecholamine- 
producing tumors of the sympathetic nervous system (SNS),  nonfunctional para-
gangliomas  (“head and neck”; chemodectomas, glomus and carotid-body tumors) 
are nonsecreting tumors of parasympathetic origin [ 28 ]. 

 In pheochromocytoma patients, the activity of the sympathetic nervous system 
may be enhanced due to increased loading of sympathetic vesicles with norepineph-
rine. The resulting excessive release of postganglionic neuronal norepinephrine 
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   Table 8.1    Hereditary syndromes associated with pheochromocytomas. Compiled adult and 
 pediatric data [ 32 ,  34 – 38 ]   

 Genetic syndrome  % Pheo  Features 
 VHL type 2 a–c  10–20  CNS hemangioblastoma 
 von Hippel–Lindau syndrome  Renal carcinoma 
 Chromosome 3  Endolymphatic sac tumors 

 Epididymal cystadenomas 
 Pancreatic and renal cysts 
 Retinal angiomas 
 Affects also children and adolescents 
 Pheochromocytoma 
 Often bilateral and extra-adrenal location 
 Usually benign; mainly noradrenergic but some 
adrenergic 

 MEN 2 A  ~50  Medullary thyroid carcinoma 
 Multiple endocrine neoplasia  Parathyroid adenoma or hyperplasia 
 RET gene  Hyperparathyroidism 
 Chromosome 10  Hirschsprung’s disease 

 Cutaneous lichen amyloidosis 
 Affects also children and adolescents 
 Pheochromocytoma; often bilateral but rarely 
extra- adrenal. Usually benign. Often adrenergic 

 MEN 2 B  ~50  Medullary thyroid carcinoma 
 Multiple endocrine neoplasia  Marfanoid habitus 
 RET gene  Intestinal ganglioneuromas 
 Chromosome 10  Neuromas of tongue and lips 

 Conjunctiva nerve hyperplasia 
 Affects also children and adolescents 
 Pheochromocytoma; often bilateral but rarely 
extra- adrenal. Usually benign. Often adrenergic 

 PGL 4 SDHB chromosome 1  20  Head and neck paraganglioma 
 Familial paraganglioma  Renal carcinoma 

 Sympathetic functional tumors 
 Noradrenergic or dopaminergic 
 Multifocal/increased extra-adrenal location 
 Increased risk of malignancy 35–70% 

 PGL 3 SDHC chromosome 1  ?  Head and neck paraganglioma (chemodectoma) 
 PGL 2 SDH5 chromosome 11  Parasympathetic nonfunctional tumors 
 PGL 1 SDHD chromosome 11  Multifocal/increased extra-adrenal location 
 Familial paraganglioma  Occasionally developing catecholamine excess 

but small chance of malignant disease 
 NF1 Neurofi bromatosis type 1  1  Cafe’-au-lait spots and axillary freckling 
 Von Recklinghausen  Multiple dermal neurofi bromas 
 Chromosome 17  Lisch nodules of the iris 

 Optic and other CNS gliomas 
 Pheochromocytomas are rare, in particular, in 
children, but in relation frequently malignant 

   SDH  succinate dehydrogenase (enzyme complex in the mitochondrial respiratory chain consisting 
of four subunits),  RET  rearranged during transfection proto-oncogene  
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during nerve stimulation can result in marked symptoms despite relatively small 
increments in circulating catecholamines [ 16 ,  41 ]. As a consequence, any eliciting 
situation [ 3 ] that leads to a stimulation of the SNS (e.g., anxiety, pain, invasive pro-
cedures) can result in excessive release of transmitter and an exaggerated physio-
logic response, which can be just as problematic as the unpredictable release of 
vasoactive hormones from the tumor itself. 

 Virtually all  epinephrine -secreting tumors are adrenal in origin. This is because 
the converting enzyme, phenylethanolamine-N-methyltransferase (Fig.  8.1 ), is glu-
cocorticoid dependent and thus found in the adrenal gland.  Dopamine -secreting 
pheochromocytomas are very rare and should, if present, always raise suspicion of 
malignancy [ 42 ]. The clinical features of the rare dopamine-secreting tumors are 
also of nonspecifi c “infl ammatory” or “hypermetabolic” nature, and the patients are 
not hypertensive [ 42 ]. Secretion of  norepinephrine  is normally causing hyperten-
sion, but when symptoms are those of hypermetabolism, epinephrine co-secretion 
should be suspected [ 4 ]. In pheochromocytoma patients, fasting blood glucose con-
centration is increased, and the tolerance curve is abnormal. High catecholamine 
concentrations lead to glycogenolysis, lipolysis, and inhibition of insulin release 
(α 2 -agonism). In cases with epinephrine involved, this effect is partly opposed by 
the β 2 -agonistic promotion of insulin release [ 6 ,  41 ].

       Clinical Presentation 

 The classical triad of pheochromocytoma presentation is paroxysmal sweating, 
hypertension, and headache. Hypertension is sustained in 50%, paroxysmal in 30%, 
and blood pressure is normal in 20% of patients. In rare cases when mainly epineph-
rine or dopamine is secreted, orthostatic hypertension may be the presenting symp-
tom [ 43 ]. Further symptoms include weight loss, hyperglycemia, tachycardia or 

  Fig. 8.1    Catecholamine synthesis       
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tachyarrhythmia, tremor, pallor, and fl ushing depending on which catecholamine is 
secreted. Other clues to the diagnosis are hypertension that is episodic (spells) or 
diffi cult to treat, glucose intolerance, nausea, palpitations, and problems with blood 
pressure in connection with induction of anesthesia, labor, abdominal examination, 
surgery, or other forms of stress. A pressor response to particular drugs can also 
suggest the presence of this tumor. These drugs include histamine, glucagon, dro-
peridol, metoclopramide, tyramine (in food or wine), cytotoxic drugs, saralasin, 
tricyclic antidepressants and phenothiazines, cocaine, alcohol, ephedrine, ketamine, 
pancuronium, halothane, morphine, atracurium, and suxamethonium [ 1 ]. 
Intravenous contrast previously was considered a trigger, but recently published 
experience suggests otherwise [ 44 ]. Glucocorticoids can increase catecholamine 
synthesis in pheochromocytoma cells by inducing biosynthetic enzymes such as 
phenylethanolamine N-methyltransferase, tyrosine hydroxylase, and dopamine 
b-hydroxylase [ 10 ], which explains the time lag of several hours between the gluco-
corticoid administration and the onset of hypertension [ 44 ]. 

 A sudden increase in sympathetic activity with both neuronal norepinephrine 
unloading and tumor catecholamine release can cause severe vasoconstriction 
which may lead to life-threatening pulmonary edema and dysrhythmias [ 41 ]. 
Mortality in pheochromocytoma is usually caused by a malignant hypertensive cri-
sis with cerebrovascular accidents or dissecting aortic aneurysm, myocardial infarc-
tion, arrhythmias, heart failure, acute renal failure, or irreversible shock leading to 
multiple organ dysfunction. Pheochromocytoma cells may also release other pep-
tides, some of which cause symptoms that cannot be controlled by adrenergic 
blockade only. Such secretory products include substance P, neuropeptide Y, 
enkephalins, somatostatin-corticotropin-releasing hormone, adrenocorticotropin 
hormone, atrial natriuretic peptide, vasointestinal peptide, parathormone, interleu-
kin- 1, interleukin-6, calcitonin gene-related peptide, and chromogranin A [ 41 ].  

    Diagnosis 

 Provocation or suppression tests are not often used in modern practice. In the com-
mon clinical setting, measurement of 24-h urinary metanephrines may be best 
screening due to low likelihood of false positive results. In patients at high risk of 
having pheochromocytoma, measurements of fractionated plasma metanephrines 
may be preferable as its sensitivity approaches 100% [ 26 ,  29 ]. The introduction of 
HPLC (high-pressure liquid chromatography) methods has largely removed the 
problem of drug and dietary interference affecting the results [ 15 ]. 

 It is important to fi rst appreciate that under normal conditions, catecholamines 
released by nerve cells are mainly subject to neuronal reuptake [ 24 ]. Only minor 
amounts are metabolized or escape into circulation. The fi rst step of metabolism 
(Fig.  8.2 ) is deamination, but in the adrenal medulla where catechol-O- 
methyltransferase (COMT) is present, methylation results in the formation of meta-
nephrines. Other intermediate metabolites undergo conjugation to glucuronides and 
sulfates that are excreted in the urine.
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   Dopamine metabolism normally constitutes just a minor pathway (Fig.  8.3 ). 
A negative feedback mechanism regulates catecholamine synthesis via tyrosine 
hydroxylase in normal adrenal medullas but not in pheochromocytomas where the 
enzyme activity also is much higher.

   In contrast to sympathetic nerves that contain monoamine oxidase (MAO), pheo-
chromocytoma cells contain both MAO and high concentrations of membrane- 
bound COMT. The latter explains the abundance of methylated free metanephrines 
in plasma from these patients. The continuous intratumoral production of meta-
nephrines makes possible the detection of pheochromocytomas in patients with 

  Fig. 8.2    Major catecholamine metabolism       

  Fig. 8.3    Dopamine metabolism       
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normal plasma or urinary levels of catecholamines. In a recent review [ 45 ] and a 
report from an international symposium [ 46 ], it was suggested that screening with 
urine 24-h fractionated total metanephrines can be confi rmed by analysis of plasma 
fractionated free metanephrines and plasma chromogranin A or the use of the cloni-
dine suppression test. 

 Once diagnosis of pheochromocytoma is confi rmed by biochemical testing, 
imaging techniques are employed for tumor localization. Pheochromocytomas are 
typically large tumors (2–5 cm in diameter) and may contain areas of hemorrhage 
or necrosis. Tumors in hereditary syndromes tend to be smaller and bilateral. Most 
tumors are intra-abdominal and 90% originate within the adrenal gland [ 43 ]. CT 
scanning has good sensitivity (93–100%) for detection of adrenal pheochromocyto-
mas, but sensitivity decreases for extra-adrenal tumors. MRI is superior to CT for 
detecting extra-adrenal tumors and is also used as method of choice in pregnant 
patients [ 13 ]. Functional imaging includes iodinated metaiodobenzylguanidine 
scanning ( 131 I-MIBG) and  111 In-DTPA-octreotide somatostatin-receptor scintigra-
phy (SRS), but the method of choice currently is  123 I-MIBG scintigraphy [ 46 ] and 
the recent development of several positron emission tomography (PET) ligands 
[ 50 ]. Somatostatin receptor imaging might be considered as a supplement for MIBG 
scintigraphy in pheochromocytoma and paraganglioma patients with suspected 
metastatic disease [ 51 ] .   

    Medical Treatment 

 Medical treatment is given mainly in line of preparation for surgery. Chemotherapy 
(e.g., cyclophosphamide, vincristine, and dacarbazine) is currently the treatment of 
choice for inoperable tumors [ 50 ]. Patients that show positive testing for somatosta-
tin receptors and positive scintigraphy may benefi t from targeted chemotherapy. 
Irradiation with radiolabeled MIBG was used for malignant tumors with or without 
metastases. Even with good initial regression of tumors, no long-lasting effects 
could be shown so far for either approach [ 16 ]. Metyrosine (α-methylparatyrosine) 
inhibits tyrosine hydroxylase and may decrease catecholamine synthesis by up to 
80%. It is very effective but used mainly in malignant or inoperable cases because 
of the many side effects (sedative fatigue, anxiety, depression, extrapyramidal signs, 
and tremor).  

    Surgery 

 The treatment of choice for adrenal tumor in general is surgical resection once the 
tumor has reached a certain size (>3–5 cm), becomes symptomatic, or if imaging, 
genetic testing, or history is suspicious for malignancy [ 52 ]. For secreting pheo-
chromocytomas, less invasive techniques like arterial embolization, chemoemboli-
zation, cryotherapy, and radiofrequency ablation are normally not considered safe 
to use, as catecholamine release and its circulatory effects may be diffi cult to 
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predict and control. Traditionally, open surgery was performed, but since the fi rst 
report of  laparoscopic adrenalectomy for pheochromocytoma in 1992, practices 
have changed. Several studies have shown that the two techniques are comparable 
with regards to intraoperative hemodynamic changes, but the postoperative recov-
ery is faster for the laparoscopic approach [ 53 – 55 ]. In many centers, laparoscopic 
adrenalectomy is the preferred technique for pheochromocytomas and all other 
benign tumors of up to a size of 6–8 cm [ 56 – 59 ] or bigger [ 60 ]. An Italian Registry, 
with 833 patients undergoing surgery since 2000, concluded that the main risk fac-
tors for the occurrence of complications during laparoscopic adrenalectomy appear 
to be surgical inexperience, the age and BMI of the patient, and the size and nature 
of the tumor [ 61 ]. One recommendation was that laparoscopic removal of these 
tumors should be undertaken only in high-volume specialty centers by surgical 
teams with the appropriate training and experience with adrenalectomies [ 62 ]. 
Laparoscopic adrenalectomy has been compared with the posterior retroperitoneo-
scopic technique in a study on 46 patients. It was concluded that both methods are 
safe but that the retroperitoneoscopic approach decreased operative times, blood 
loss, and postoperative length of stay [ 63 ]. The two different approaches for retro-
peritoneoscopic adrenalectomy have also been compared, and both the lateral and 
posterior techniques have a similar perioperative outcome when patients are 
selected for each option on predefi ned criteria [ 64 ]. Adrenocortical-sparing sur-
gery may be performed using laparoscopy in patients with hereditary forms of 
pheochromocytoma [ 65 ]. 

 The laparoscopic technique has also been used with success in patients that pre-
sented with malignant hypertension and acute heart failure. A release of norepi-
nephrine was elicited by pneumoperitoneum but hypertension could be controlled 
safely even in this type of patients [ 66 ]. However, there are also reports of pneumo-
peritoneum causing massive norepinephrine release leading to acute heart failure 
despite treatment with α 1 -, β-, and calcium channel blockers [ 67 ].  

    Catecholamine-Induced Cardiomyopathy 

 Sustained norepinephrine release over months or years will lead to hypertrophic 
cardiomyopathy in 20–30% of patients, the condition being at least partially revers-
ible by the use of adrenergic blockade and tumor removal. Patients may present with 
symptoms ranging from palpitations and nonspecifi c electrocardiogram (ECG) - 
changes to severe dysrhythmias and congestive heart failure. The myocardial dys-
function may be secondary to activation (or down regulation) of adrenoreceptors, 
coronary vasospasm, or relative ischemia due to hypertrophy and increased myocar-
dial oxygen demands [ 8 ]. Even young patients are at risk of developing myocardial 
ischemia or sustaining a myocardial infarction [ 68 ]. Microscopy shows interstitial 
edema, hemorrhage, and infl ammatory infi ltrates. The criteria for myocarditis are 
normally not met. The myocytes show contraction-band necrosis, and later fi brosis 
and calcifi cation may follow [ 6 ]. Intracellular calcium overload appears to be the 
main abnormality involved [ 69 ]. Catecholamines have been shown [ 70 ] to infl uence 
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the extracellular matrix with collagen deposition and subsequent fi brosis in the arte-
rial wall and in the myocardium. These morpho-functional changes can be empha-
sized by ultrasound imaging. A total of 15 patients were included (hypertension in 
10) in a recent study [ 71 ]. All but one had a normal left ventricular ejection fraction, 
however, with a depressed systolic strain rate detected by tissue Doppler echocar-
diography and an increased risk of intraoperative collapse. 

 With tailored vasoactive support, congestive heart failure may resolve within a 
week, and the cardiomyopathy will to some extent reverse over a few months [ 13 , 
 72 – 74 ]. In one case report [ 48 ], pretreatment leads to a dramatic reversal of 
catecholamine- induced cardiomyopathy in less than 2 weeks, i.e., even before resec-
tion of the tumor. 

 Takotsubo cardiomyopathy (“broken-heart syndrome” or “stress-cardio-
myopathy”) is an increasingly recognized clinical syndrome of transient left ven-
tricular dysfunction, commonly with apical ballooning. An inverted-Takotsubo 
contractile pattern is now increasingly associated with pheochromocytoma [ 75 ]. 

 Patients presenting with Takotsubo type heart failure should not be adminis-
tered inotropic agents [ 76 ] because of the integral adrenergic mechanism in the 
pathophysiology of the syndrome. An initial proper treatment could be implanta-
tion of an intra-aortic balloon pump counterpulsation to avoid administration of 
inotropic agents. Further, medications like β-blockers can be used to attenuate the 
exaggerated stress reaction and carvedilol as α- and β-blocking agent, might be 
especially useful in patients with Takotsubo syndrome. Also calcium sensitizing 
medications such as levosimendan could be of use to counter the calcium 
overload.   

    Anesthetic and Perioperative Aspects 

 For any patient with VHL or MEN II A/B presenting for surgery, the diagnosis of 
pheochromocytoma should be suspected even if the patient is asymptomatic. 
Additionally, patients who have had pheochromocytoma previously resected, and 
are returning for surgery, should be screened for recurrences and/or for pheochro-
mocytoma on the unresected side [ 77 ]. While extra-adrenal pheochromocytomas 
are rare in MEN, such tumors should be part of the screening for VHL patients. 
Examination should aim to uncover any signs of pheochromocytoma sequelae. 

 The presence of symptomatic cardiac dysfunction will have an impact on both 
selection and duration of pretreatment and intraoperative management. If catechol-
amine secretion remains uncontrolled, a life-threatening crisis may develop [ 78 ]. 
The pressor effect will cause end-organ damage such as hypertensive encephalopa-
thy and worsening cardiomyopathy. Since the introduction of aggressive antihyper-
tensive treatment, this crisis is far less commonly seen, but during surgery and other 
tumor interventions, one should always be prepared to manage acute episodes of 
hypertension [ 6 ]. The events of greatest concern are anesthesia induction, insuffl a-
tion of pneumoperitoneum, tumor manipulation, and loss of endogenous catechol-
amine stimulation upon tumor ligation in combination with residual α 1 -adrenergic 
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blockade after tumor removal. Tumor manipulation is the main risk factor during 
adrenalectomy since large amounts of catecholamines are released to the circulation 
with plasma concentration in some patients exceeding normal values by a factor of 
more than 1,000. Although specifi c anesthetic drugs have been recommended, the 
most important factors still are optimal preoperative preparation, gentle induction of 
anesthesia, and good communication between the surgeon and anesthesiologist. 
Virtually, all anesthetic drugs and techniques (including isofl urane, sevofl urane, suf-
entanil, remifentanil, fentanyl, and regional anesthesia) have been used with satis-
factory result [ 1 ].  

    Preoperative Optimization 

 No controlled, randomized, prospective clinical studies have investigated the value 
of pretreatment with adrenergic receptor blocking drugs. It is often forgotten that 
the use of phenoxybenzamine in the original publication [ 18 ] was for 3 days only 
prior to surgery. These α-blocking drugs probably reduce the incidence of hyperten-
sive crisis, the wide blood pressure fl uctuations during manipulation of the tumor 
and the myocardial dysfunction that occur perioperatively. The reduction in periop-
erative mortality (from ~50% to the current 0–3%) is often used as an indirect proof 
of its effi cacy. The α-adrenergic receptor blockade restores plasma volume by coun-
teracting the vasoconstrictive effects of high levels of norepinephrine. For patients 
who exhibit ST-T changes on electrocardiogram (ECG), long-term (1–6 months) 
preoperative α-adrenergic receptor blockade has produced ECG normalization and 
clinical resolution of catecholamine-induced cardiomyopathy [ 79 ]. The optimal 
duration of preoperative therapy with phenoxybenzamine has not been studied. 
Criteria for the treatment have been recommended [ 1 ]. Accordingly, one should aim 
at a blood pressure of not higher than 165/90 mmHg and with an orthostatic hypo-
tensive response present. The ECG should be free of related ST-T changes that are 
not permanent and of frequent premature ventricular contractions or symptomatic 
dysrhythmias. 

 In many countries, there is still dogmatic insistence on the use of phenoxybenza-
mine for at least 2 weeks preoperatively, although many experts fi nd a shorter treat-
ment period adequate. The length of treatment can be tailored to the patient’s 
condition [ 3 ]. A few days of treatment to allow reregulation of adrenergic receptors 
is suffi cient for some, whereas prolonged treatment may be necessary to facilitate 
myocardial remodeling in case of severe hypertrophy of the heart or cardiac dys-
function. Some authors concluded that advances in anesthetic and monitoring tech-
niques and the availability of fast-acting drugs capable of correcting sudden changes 
in cardiovascular variables have eliminated the need for the use of phenoxybenza-
mine or other drugs to produce profound and long-lasting α-blockade [ 20 ,  21 ]. In 
one study [ 80 ], patients who were treated with phenoxybenzamine for more than 10 
days did not have better perioperative stability than patients who had treatment for 
less than a week. Nor did the degree of postural hypotension after pretreatment 
predict operative stability. 
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 A study evaluated the predictive value of preoperative high systolic arterial pres-
sure (SAP) on intra- and postoperative hemodynamic instability in 96 patients 
undergoing laparoscopic adrenalectomy for pheochromocytoma [ 81 ]. It was con-
cluded that for most patients scheduled for laparoscopic pheochromocytoma 
removal, surgery can be carried out even without systematic preoperative arterial 
pressure normalization. Some patients, however, must receive hypotensive drugs 
before surgery to control various hypertension-associated organ dysfunctions such 
as left ventricular failure or neurological defi cit of central origin, or symptoms such 
as headache or tinnitus. The data from this relatively large series do not support the 
concept of consistent preoperative SAP normalization. A prospective adequately 
powered study is mandatory for confi rmation of these data [ 81 ]. A recent study of 
59 patients compared the intraoperative hemodynamics in normotensive pheochro-
mocytoma patients undergoing tumor resection with or without preoperative 
a-blockade. The authors concluded that pretreatment had no benefi t in maintaining 
intraoperative hemodynamic stability in patients with normotensive pheochromocy-
toma, and there was an increased use of vasoactive drugs and colloid infusions in 
the pretreated group [ 82 ]. 

 Alternative drugs should be considered for pretreatment of patients with conges-
tive heart failure in whom α-adrenergic blockade leads to tachycardia and 
β-adrenergic blockade diminishes cardiac performance [ 13 ]. In a report of two com-
plicated cases, it is pointed out how important it is that the anesthesiologist carefully 
monitors the endpoints of the patient’s pretreatment and alerts the team of potential 
cardiovascular risk factors that may impact the intraoperative course [ 83 ]. In these 
reports, the patients had large pheochromocytomas, preoperatively insuffi ciently 
controlled blood pressure, and/or myocardial dysfunction. The use of β-adrenergic 
blockade prior to surgery might also have increased the patient’s vulnerability to 
untoward events later on, including intractable hypotension, bradycardia, and asys-
tolic cardiac arrest. Preoperatively it was noted that cardiac compromise secondary 
to volume overload occurred, and intraoperatively massive doses of exogenous 
 catecholamines were needed post-ligation. 

 Author’s opinion on preoperative optimization is expressed in Table  8.2  and is 
supported in the current literature [ 84 ]. This prospective follow-up study of 35 
pheochromocytoma patients systematically documents the reversibility of cardio-
vascular dysfunction. In the study were used serial assessments with ECHO, tissue 
Doppler imaging (TDI) and serum N-terminal pro-brain natriuretic peptide (NTpro-
BNP) to evaluate cardiac function. Seven of the 35 pheochromocytoma patients 
(20%) were found to have signifi cant LV systolic dysfunction (as defi ned by LVEF 
<45%, MPI (Doppler-derived performance index) >0.4, s-NTpro-BNP >500 pg/
mL). Normalization ensued within 3 months in most cases.

   Subtle myocardial damage is common in pheochromocytoma patients, and it can 
be detected by using biomarkers and/or tissue Doppler imaging despite an absence 
of overt LV dysfunction. Even if the clinical relevance of the combination of normal 
ECHO and positive other markers is still unclear, it may be assumed, however, that 
detailed cardiac evaluation may help tailoring preoperative optimization and thereby 
reducing perioperative morbidity. 
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    α-Adrenergic Blockade 

 The α-adrenergic blocker phenoxybenzamine became a standard drug for pretreat-
ment soon after the publication of the fi rst series of patients in 1967 [ 18 ]. However, 
the drug has two characteristics that make it less than ideal. First, it is a nonselective 
α-blocker, so it prevents not only the postsynaptic α1-mediated vasoconstriction but 
also the presynaptic α 2 -mediated inhibition of catecholamine release. If tachycardia 
ensues the patient will need simultaneous β-adrenergic blockade. In patients with 
severe cardiomyopathy, however, β-blockade has been shown to precipitate cardiac 
failure [ 6 ]. Secondly, phenoxybenzamine is a noncompetitive inhibitor that binds 
covalently to the α-receptor. This causes more frequent and more resistant postopera-
tive hypotension of longer duration than other alternative therapies. Because of long 
plasma half-life, the drug should be withheld for at least 12 h before surgery. Common 
side effects of nonselective α-blockade include postural hypotension, refl ex tachy-
cardia, headache, somnolence, constipation, dry mouth, stuffy nose, and nausea [ 13 ]. 

 When comparing two series of patients, doxazosin was found to be as effective 
as phenoxybenzamine in controlling arterial pressure and heart rate both before and 
after surgery. Doxazosin, which is a selective and competitive blocker, also had 
fewer undesirable side effects [ 85 ]. No signifi cant differences were found in the 

   Table 8.2    Preoperative optimization   

 Author’s approach to preoperative treatment 

 Patient category/risk 
group  Incidence 

 Drug = drug added as 
required  Duration 

 No hypertension or 
pheochromocytoma 
symptoms/low risk 

 ~40%  No treatment  – 
 Or 
 α-blocker (doxazosin)  ≤1 week 

 Hypertension and/or 
pheochromocytoma 
symptoms/intermediate 
risk 

 ~50%  α-blocker (doxazosin)  1–4 weeks 
 + 
 Ca-blocker 
(nicardipine) 

 Depending on severity of 
HT and degree of left 
ventricular hypertrophy  + 

 β-blocker (atenolol) 
 Symptomatic cardiac 
disease/high risk 

 ~10%  α-blocker (doxazosin)  4–8 weeks 
 + 
 Ca-blocker 
(nicardipine) 
 + 
 ACE-inhibitor 
(ramipril) 
 Or 
 Calcium sensitizer 
(levosimendan) 

 As required to improve 
left ventricular compliance 

  Patients with symptomatic cardiac disease are seen by cardiologist and diagnostic workup nor-
mally includes echocardiography and chest x-ray. Scintigraphy and/or coronary angiography are 
considered in selected high-risk patients. Recent data suggest adding biomarker (s-NTpro-BNP) 
and tissue Doppler imaging to the preoperative evaluation [ 84 ]  
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operative and postoperative blood pressure control and plasma volume when three 
groups of patients with phenoxybenzamine, prazosin, or doxazosin pretreatment 
were compared [ 86 ]. In other studies, doxazosin used either alone or in combination 
with a β-blocker produced excellent hemodynamic control with only minor and 
transient adverse reactions [ 39 ,  87 ]. In normotensive patients, no blockade of any 
form was instituted [ 88 ]. Another retrospective analysis of risk factors for hemody-
namic instability during surgical resection of pheochromocytoma was preformed on 
73 patients who underwent surgery between 1995 and 2007. Phenoxybenzamine 
was used for pretreatment before 2003 and doxazosin from 2003 onwards, and both 
treatments showed similar effi cacy with respect to intraoperative hemodynamic 
control. Neither was a difference seen in hemodynamic instability nor intraopera-
tive drug administration between the laparoscopic and open or converted proce-
dures [ 89 ]. A retrospective chart review was published on 50 Mayo Clinic patients 
and 37 Cleveland Clinic patients who had undergone laparoscopic pheochromocy-
toma resection. The respective Clinic predominantly used either phenoxybenza-
mine or selective α 1 -blockade. No clinically signifi cant outcome differences were 
noted, and the use of phenoxybenzamine appeared to produce better attenuation of 
intraoperative hypertension but at the cost of longer-lasting intraoperative hypoten-
sion that required a greater use of vasopressors [ 90 ]. 

 Recently, the intravenous use of the selective α 1 -receptorblocker urapidil (t ½  ~ 3 h) 
for pretreatment was described. The drug replaced prazosin and bisoprolol for 3 
days before surgery and was maintained throughout anesthesia. Hypertensive peaks 
were handled with boluses of nicardipine and esmolol as required. It was concluded 
that it was safe to use urapidil for perioperative control of blood pressure [ 91 ]. In 
another report, urapidil and magnesium sulfate were used both pre- and intraopera-
tively in one patient with good result [ 92 ]. 

 Currently, there is no consensus for when adrenergic blockade should be started, 
but in most medical centers, adrenergic blockade usually starts 7–14 days preopera-
tively to have adequate time to normalize blood pressure and heart rate and to expand 
the contracted blood volume [ 27 ,  54 – 58 ]. Preoperative antihypertensive treatment is 
warranted for patients with organ damage from long-standing catecholamine excess 
or life-threatening complications of high blood pressure (cardiomyopathy, conges-
tive heart failure, stroke, coronary artery disease, dysrhythmia) and for patients with 
pheochromocytoma diagnosed during pregnancy [ 93 ]. Exceptions where treatment 
may not be required for blood pressure and heart rate control include patients with 
parasympathetic-derived head and neck paragangliomas that do not produce cate-
cholamines or patients with very rare tumors producing only dopamine [ 49 ].  

    Calcium Channel Blockade 

 Several calcium channel blockers have been used in the preoperative preparation of 
patients with pheochromocytoma. Many years ago, a case was reported where nife-
dipine was used for pretreatment of a patient with hypertrophic cardiomyopathy [ 94 ]. 
In another case, diltiazem was used preoperatively in a patient with hypertensive 
crisis due to hepatic metastases from a pheochromocytoma. Intraoperatively, great 
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fl uctuations in blood pressure were noted [ 95 ]. In a study of 113 patients, calcium 
channel blockers were used as the primary mode of antihypertensive therapy with 
good result. Selective α-antagonists were added only if the hypertension was not 
adequately controlled, and β-blocker was used where cardiac dysrhythmias were 
noted. One of the most effective calcium channel blocker appears to be nicardipine. 
In several series of patients, pretreatment with nicardipine was successful with little 
need for additional drugs to control hypertension and without the risk of prolonged 
hypotension after tumor removal [ 54 ,  96 ,  97 ]. However, the putative mechanism – 
prevention of increased free plasma catecholamine levels – could not be demon-
strated [ 97 ]. Calcium channel blockers also proved safe in laparoscopic adrenalectomy 
when compared with groups treated with α-blockers and/or β-blockers [ 53 ]. In a 
retrospectively studied series of more than 100 patients, the use of nicardipine (pre- 
and perioperative) was associated with low mortality and morbidity even when not 
all hemodynamic changes were prevented [ 98 ].  

    β-Adrenergic Blockade 

 The use of β-adrenergic receptor blockade has been suggested for patients who have 
persistent dysrhythmias or tachycardia (often epinephrine or dopamine secretion), 
because these conditions can be precipitated or aggravated by nonselective 
α-adrenergic receptor blockade. Similarly, nonselective β-blockade, when given 
before α-blockade in case of norepinephrine-secreting tumor, can give rise to an 
unopposed vasoconstrictor effect. This can increase the risk of dangerous hyperten-
sion. The same phenomenon can occur when labetalol is used [ 99 ]. The short acting 
β-blocker esmolol was successfully used in combination with sodium nitroprusside 
to control circulation during surgery for pheochromocytoma [ 100 ]. Onset of esmo-
lol is rapid and its effect largely reversed within 30 min. Recently the use of landio-
lol, an even shorter acting and more highly β 1 -selective adrenergic blocker, was 
reported for treating intraoperative tachyarrhythmia [ 101 ].  

    Metyrosine (See Medical Treatment) 

 Tumors secreting epinephrine, and in particular dopamine, are very rare. In non- 
hypertensive patients with this kind of tumors, no preoperative α-antagonists are given 
[ 102 ] as they can worsen unopposed β-adrenergic activity. If pretreatment is necessary 
for arrhythmias or other symptoms that do not respond to β-blockers, metyrosine can 
be tried as it blocks the conversion of tyrosine to the dopamine precursor DOPA.  

    Magnesium 

 Although magnesium sulfate has been used for preoperative preparation, its main 
application is intraoperatively. This drug is described further in the section on intra-
operative management.   
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    Intraoperative Management 

    Premedication 

 All usual preoperative medication should be continued but if phenoxybenzamine is 
used it is normally stopped the day before surgery. Preventing stress is very impor-
tant, and a benzodiazepine is a good choice for anxiolysis.  

    Monitoring 

 Intra-arterial pressure recording should be started and a large-bore venous catheter 
inserted prior to induction of anesthesia and continued into the postoperative period. 
Monitoring of 5-lead ECG, ventilation, arterial blood gases, blood glucose concen-
tration, urine output, and body temperature are all also part of routine.  

    Induction 

 Most routinely available techniques can be used, but drugs known to release hista-
mine are best avoided. The selective α 2 -adrenoceptor agonist dexmedetomidine can 
be used for its sedative and analgesic properties to attenuate sympathoadrenal 
responses to tracheal intubation and intraoperative stimuli [ 103 ,  104 ]. Halothane 
(Ca-channel inhibition less of a problem with modern inhalational agents) sensitizes 
the myocardium to the effects of catecholamines and may thus have pro- 
arrhythmogenic properties. A combination of propofol and a short-acting opioid is 
considered safe, and lidocaine is sometimes added. For muscle relaxation, 
vecuronium has advantages in that it is relatively devoid of vagolytic or sympatho-
mimetic effects. Depolarizing relaxants increase intra-abdominal pressure, which 
might set free catecholamines from the tumor. For rapid sequence induction, one 
should therefore consider using rocuronium. Ketamine is often avoided because of 
its mild sympathomimetic effects. Glycopyrrolate would be the fi rst choice if anti-
cholinergic agent is needed and possible atropine-induced tachycardia a concern.  

    Maintenance 

 The commonest technique is to use balanced anesthesia with an inhalational agent, 
an opioid, and a nondepolarizing muscle relaxant. Isofl urane in combination with 
nitrous oxide has been used together with an infusion of sufentanil [ 105 ]. Another 
author concluded that alfentanil is a good choice of drug, having a rapid onset of 
action, good vasodilating properties, and a short elimination half-time [ 6 ]. Replacing 
the volatile anesthetic with a propofol infusion appears to be equally safe. Modern 
short acting opioids (particularly remifentanil) have successfully been tried as alter-
natives to the standard drug fentanyl. Remifentanil can be combined with propofol, 
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with an inhalational agent [ 106 – 108 ] or as an addition to a thoracic epidural analge-
sia that for hemodynamic reasons is not fully activated with local anesthetics. 

 Nowadays, many adrenalectomies are performed with laparoscopic technique, 
and epidural blocks are often not necessary. For open resections, regional anesthesia 
can be used in the same way as in most patients having major abdominal surgery. 
Preoperative placement of epidural catheters can cause dramatic increases in sym-
pathetic activity. Good local anesthesia and proper sedation must therefore be pro-
vided. The epidural catheter should be inserted at a thoracic level that provides 
congruent analgesia. The circulatory consequences should be minimized to avoid 
confusion with hemodynamic changes that occur during tumor manipulations. It 
might be safer to use relatively more opioid than local anesthetic for the neuraxial 
block. If it becomes necessary to treat hypotension, an α 1 -agonist with direct action 
(norepinephrine, phenylephrine, or methoxamine) should be used.   

    Hypertensive Crisis 

 Pheochromocytoma crisis ranges from severe hypertension, circulatory failure, pulmo-
nary edema, acute myocardial infarction, and encephalopathy to multiple organ dys-
function. The reported mortality is very high [ 109 ]. The anesthetist has to be fully 
prepared to intervene and to have an armory of vasoactive drugs readily available. 
Because of ease of use, many prefer to give sodium nitroprusside or nitroglycerin to 
curtail hypertensive episodes. Phentolamine is not an ideal agent as it has too long 
onset time and duration of action [ 1 ]. Calcium channel blockers are thought to inhibit 
the release of catecholamine from tumor cells by blocking calcium entry, and may pos-
sibly prevent catecholamine-induced vasospasm [ 7 ]. Nicardipine is a good vasodilator 
when given as an infusion at a rate of about 1–3 μg/kg/min. If insuffi cient response is 
noted, a short acting β-blocker (esmolol; t ½  ~ 9 min) is given and if necessary a vasodi-
lator is started also. For patients in cardiac failure or with ventricular dysrhythmias, 
lidocaine is possibly a better alternative. Two recent additions to the therapeutic options, 
magnesium and adenosine, will be described in greater detail below. 

    Magnesium 

 Magnesium is a common enzyme cofactor and as such involved in gating of calcium 
channels, ion fl uxes, neuromuscular activity, control of vasomotor tone, and cardiac 
excitability. One gram of magnesium sulfate is equivalent to 4 mmol, 8 mEq, or 
98 mg of elemental magnesium. Normal concentrations are assumed to be approxi-
mately 0.7–1 mmol/l, and the therapeutic range is in the region of 2–4 mmol/l. 
Magnesium interacts with storage and release of catecholamines from the adrenal 
medulla and peripheral adrenergic nerve endings [ 110 ]. 

 The use of magnesium in eclampsia is well documented, but its use has also 
been extensively studied in cardiology (reperfusion and arrhythmias). In pheochro-
mocytoma, magnesium has been used since the mid 1980s as an antiarrhythmic 
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vasodilator. Magnesium has also been used successfully in patients presenting 
as pheochromocytoma crisis with either hypertensive encephalopathy or 
catecholamine- induced cardiomyopathy. The administered dose was 40–60 mg/kg 
for loading plus an infusion of 2 g/h with further boluses of 20 mg/kg as required. 
The total perioperative dose ranged from 8 to 18 g [ 109 ]. Another author combined 
epidural analgesia with magnesium sulfate for the perioperative treatment of a 
pheochromocytoma patient with severe coronary artery disease. This was the fi rst 
reported use of magnesium for this kind of surgery in the USA [ 111 ]. In a case 
report of a patient that stopped phenoxybenzamine because of side effects, preop-
erative preparation of less than one day was described using a combination of labet-
alol and magnesium sulfate. It was also used for hemodynamic control during 
surgery with good stability reported [ 112 ]. It’s important to note that its use is asso-
ciated with increased sedation and muscular weakness that can potentially necessi-
tate or prolong postoperative ventilatory support [ 8 ].  

    Adenosine 

 Adenosine has a global role as a paracrine homeostatic regulator, and in the cardio-
vascular system, adenosine is not only a potent vasodilator but also has antiarrhyth-
mic and negative chronotropic effects. Adenosine is either hydrolyzed from ATP/
ADP/AMP or converted from adenosylhomocysteine [ 113 ,  114 ] Adenosine recep-
tor agonists attenuate the stimulatory effects of catecholamines on the heart and 
inhibit norepinephrine release from nerve terminals [ 115 ,  116 ]. Adenosine infusion 
has been successfully used for controlled hypotension in cerebral aneurysm surgery 
[ 117 ,  118 ]. No tachyphylaxis or rebound hypertension was noted as compared to 
sodium nitroprusside. The plasma half-life of adenosine is less than 10 s. Its use in 
pheochromocytoma surgery was fi rst described in 1988 [ 119 ]. An infusion of 
50–500μg/kg/min controlled rapid elevation of blood pressure in all ten patients. In 
the absence of arrhythmias, no β-blockers or other additional drugs were required. 
The same approach has also been used during resection of a norepinephrine- 
secreting neuroblastoma in a child [ 120 ]. From personal experience, the substance 
is a powerful tool and has its greatest potential for use in pediatric and other cases 
with no known pathology of the coronary vasculature or the conduction system.   

    Hypotension 

 It is important to distinguish the post-ligation fall in blood pressure from hypovole-
mia, dilated cardiomyopathy, anaphylactic shock, or hypotension caused by hista-
mine release. Initial management of post-ligation hypotension includes fl uid therapy 
and α 1 -agonistic vasopressors. For treatment of hypotension or any other symptom 
of withdrawal, it is logical to use the same catecholamine after ligation as was 
endogenously secreted by the tumor. This can occasionally be epinephrine or 
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dopamine, but normally either norepinephrine or phenylephrine hydrochloride is 
used to treat hypotension. One must remember that the initially required dose can 
be very much higher than what is normally used. This might occur if the patient is 
deeply blocked with phenoxybenzamine. One further vasopressor that works via a 
different mechanism should be available, e.g., arginine vasopressin [ 121 ]. Case 
reports are available where 0.4 U vasopressin boluses were administered and fol-
lowed by a 4 U/h infusion permitting a decrease in the norepinephrine infusion rate. 
In three previous reports of bolus vasopressin being used to treat hypotension after 
adrenal resection for pheochromocytoma, repeated bolus doses of 10–20 U was 
required. In an 11-year-old patient, a 5 U bolus followed by an infusion was suc-
cessful in treating post-resection hypotension [ 122 ]. An antihistamine and a cortico-
steroid should also be kept ready for intravenous use. Calcium chloride may be 
needed to improve cardiovascular responsiveness if calcium channel blockers or 
magnesium were used, and in particular if it was in combination with inhalational 
anesthesia.  

    Dysrhythmias 

 The most commonly occurring pheochromocytoma associated intraoperative 
rhythm disturbances are tachycardia and tachydysrhythmia. The main objective in 
treating these dysrhythmias is to reduce catecholamine stress, and β-blockers are 
thus the fi rst line drugs in tachycardia and supraventricular tachydysrhythmia. In 
unresponsive cases, trying amiodarone can be justifi ed. If the arrhythmia is of ven-
tricular origin, or if the patient has a cardiac dysfunction or congestive failure, lido-
caine has traditionally been preferred. However, experience is growing with the use 
of magnesium, and it may well prove to be a safer option. In a recent overview [ 93 ], 
the perioperative care of patients undergoing pheochromocytoma is scrutinized and 
it is stated that time has come for a reappraisal.  

    Practical Approach to Intraoperative Hemodynamic Control 

 Compiled data on pharmacologic interventions are found in Table  8.3 . Continuous 
invasive arterial monitoring is advocated. A central venous line permits reliable 
administration of vasoactive drugs. Monitoring of central venous pressure and sys-
tolic pressure variation [ 123 ] can be helpful for guiding volume replacement dur-
ing surgery. In advanced cases, myocardial compliance and vascular capacity may 
be altered and circulating blood volume diffi cult to estimate [ 124 ]. For such cases, 
and generally for patients with catecholamine-induced cardiomyopathy or any 
other symptomatic cardiac dysfunction, monitoring may have to include cardiac 
output estimations by transesophageal echocardiography, esophageal Doppler, 
central venous oximetry, transthoracic thermodilution, or pulse contour analysis. 
Arterial blood gases and glucose concentration may need to be checked 
repeatedly.
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       Blood Glucose Control 

 Hyperglycemia is common owing to the metabolic effects of catecholamines. This 
situation can occur even in the absence of obvious adrenergic stress. The response 
to insulin treatment is usually less than normal because of increased glucose pro-
duction and peripheral insulin resistance. Conversely a drop in blood glucose levels 
in the post-ligation period is to be expected and the effect possibly intensifi ed by a 
concurrent use of a nonselective β-blocker such as propranolol [ 6 ]. Infusion of 
glucose- containing solutions will be necessary at this stage of the operation with 
continuation into the postoperative phase.  

   Table 8.3    Intraoperative cardiovascular interventions   

 Compiled data on intraoperative hemodynamic control 

 Event  Intervention  Dose 
  Hypertension    Adenosine   50–500 μg/kg/min i.v. infusion 

  Esmolol   50–250 (−500) μg/kg (5–10 mg) i.v. boluses 
  Magnesium sulfate   5–15 mmol (1–4 g) slow i.v. loading 

 4–8 mmol (1–2 g)/h infusion (adults) 
  Nicardipine   1–3 (−6) μg/kg/min infusion 
  Urapidil   0.2–0.6 mg/kg i.v. boluses 

 25–100 μg/kg/min i.v. infusion 
  Nitroprusside   0.2–2 (−8) μg/kg/min i.v. infusion 
 Nitroglycerin (GTN)  0.3–3 (−5) μg/kg/min i.v. infusion 
 Phentolamine  1–5 mg i.v. boluses; 1–20 μg/kg/min infusion 

(adults) 
 Labetalol  5–10 (−20) mg i.v. boluses (adults) 

  Hypotension    Volume resuscitation  
  Norepinephrine   0.01–0.2 (−2) μg/kg/min i.v. infusion 
 Phenylephrine  1–3 μg/kg i.v. boluses; 0.1–2 (−5) μg/kg/min 

infusion 
 Arginine vasopressin  1–5 U boluses; 0.5–4 U/h infusion 
 Epinephrine  Drugs to be given as required if patient remains 

unresponsive to above measures  Antihistamine 
 Calcium chloride 
 Hydrocortisone 

  Arrhythmias    Esmolol   50–250 (−500) μg/kg (5–10 mg) i.v. boluses 
 50–300 μg/kg/min infusion 

  Magnesium sulfate   5–15 mmol (1–4 g) slow i.v. loading 
 4–8 mmol (1–2 g)/h infusion (adults) 

 Lidocaine  1–2 mg/kg i.v. loading 
 Amiodarone  100–200 mg slow i.v. loading (adults) 
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    Postoperative Care and Analgesia 

 Pheochromocytoma patients should be observed in a high dependency or intensive 
care unit postoperatively. Intraoperative fl uid shifts may still warrant advanced 
monitoring and continued correction. With good pain relief provided and normo-
thermia maintained, most patients are expected to be extubated in the operating 
room or in a fast-track procedure. Analgesia is probably best achieved with a 
patient-controlled opioid system or a prolonged regional block. For neuraxial 
blocks, a mixture of fentanyl with low concentration of bupivacaine or ropivacaine 
can provide safe analgesia. 

 Most important in the management of the circulation is correct interpretation of 
hemodynamic changes so that fl uid requirement can be balanced against vasomotor 
tone. The aim is to maintain normal circulating blood volume, but if the patient still 
requires infusion of vasopressor, this treatment can normally be tapered off over a 
few hours. In exceptional cases, the necessary regeneration and/or reregulation of 
α-receptors may take 1–2 days. 

 Some patients leave the operating theatre with no adrenocortical function, and 
they require replacement therapy from the outset [ 6 ]. In many treatment protocols, 
a dexamethasone test is advocated as part of investigations. It is also important to 
continue the monitoring for hypoglycemia. 

    Pheochromocytoma in Pregnancy 

 This condition is associated with considerable morbidity and mortality. Aside from 
the classical presentation, pregnant women with pheochromocytomas complain 
more frequently of headaches, palpitation, sweating, and dyspnea. 
Pheochromocytoma is often misdiagnosed as preeclampsia but should be suspected 
in all hypertensive pregnant women whose hypertension is diagnosed before 20 
weeks of gestation or who have paroxysmal symptoms at any gestational age [ 125 ]. 
After biochemical confi rmation of diagnosis, ultrasonography and MRI can be 
safely employed for tumor localization in pregnancy. 

 In a retrospective study, maternal mortality was 17% and fetal loss 26%. With 
antepartum diagnosis, the former was reduced to 0% and fetal loss to 15% [ 126 ]. 
Several mechanisms can trigger clinically overt pheochromocytoma in pregnancy, 
such as increases in intra-abdominal pressure, fetal movement, uterine contraction, 
and process of delivery. The most common recommendation is that the tumor should 
either be excised during the fi rst trimester or fetal maturity is awaited so that 
Caesarean section can be performed followed by adrenalectomy [ 127 ,  128 ]. It has 
been reported that vaginal delivery carries a higher maternal risk than Cesarean 
delivery, but even if Cesarean section is the recommended mode, selected cases 
(small tumor and good obstetrical history) of successful vaginal delivery have been 
described [ 129 ]. 
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 Most α-adrenergic blockers cross the placenta but have been shown to be safe. 
β-blockers can also be used for pretreatment as required. One author described the 
combined use of labetalol and doxazosin [ 130 ]. Sodium nitroprusside is associated 
with decreased placental perfusion, acidosis, and cyanide accumulation in the fetus 
[ 14 ]. Nitroglycerin and magnesium are considered ideal agents for intraoperative 
blood pressure control [ 127 ]. Magnesium sulfate was also successfully used in a 
severe case with acute pulmonary edema [ 131 ].  

    Pediatric Aspects 

 Pheochromocytoma is a rare clinical entity in children. The associated hypertension 
is more commonly sustained than in adults [ 132 ]. In a retrospective chart review of 
seven children, the initial presenting signs and symptoms were related to the central 
nervous system (CNS) in six of the patients and two presented with congestive heart 
failure [ 47 ]. The tumors are more likely to be bilateral, multiple, and/or extra- 
adrenal but in relation to that the incidence of malignancy appears to be lower. Germ 
line mutations are now being identifi ed in up to 50% of apparently sporadic pheo-
chromocytomas presenting in adolescence and most frequently in those presenting 
before 10 years of age. In a comprehensive review [ 133 ], the incidence of malignant 
tumor was relatively high in children (47%), particularly in those with apparently 
sporadic disease, paraganglioma, and tumor diameters of ≥6 cm. Despite the higher 
incidence of malignancy, the combined 5-year disease-specifi c survival rate for 
children with pheochromocytoma or paraganglioma was more favorable than for 
adults (90% vs. 40–60%). Another notable difference noted was a higher percentage 
of paragangliomas among children, compared with adults (60% vs. 10–40%). 

 Phenoxybenzamine (starting 0.2–1 mg/kg twice daily) is used for preoperative 
blood pressure control, but the criteria for normalization or endpoints for treatment 
are less well defi ned in children [ 36 ,  132 ]. Selective α-blockers such as prazosin and 
doxazosin and calcium channel blockers such as nifedipine and nicardipine are also 
in use. In a retrospective study of 16 consecutive pediatric patients with pheochro-
mocytomas, α-antagonists were used for pretreatment with good results, either 
alone or in combination with β-blockers or calcium channels blockers [ 134 ]. In 
another report on the use of other α-antagonists in children [ 135 ], either prazosin 
(maximum 30 mg/day) or doxazosin (maximum 12 mg/day) was used, and blood 
pressure control was achieved within 10 days. Intraoperatively blood pressure fl uc-
tuations were managed with crystalloids and nitroglycerin. A retrospective review 
[ 37 ] of preoperative blockade with phenoxybenzamine, prazosin, or doxazosin con-
cluded that surgery is safe with either of these drugs. 

 The drugs best documented for intraoperative blood pressure control in children 
are sodium nitroprusside and magnesium sulfate [ 132 ]. Esmolol has reportedly 
been effective in treating both hypertension and tachydysrhythmias. Also for chil-
dren, invasive arterial monitoring and central venous access are considered useful 
for handling rapid circulatory changes. If possible, the arterial line should be 
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inserted under local anesthesia and sedation prior to induction. Laparoscopic adre-
nalectomy is practiced in children, and the hypertensive response to the creation of 
pneumoperitoneum was reported the same as for adults, and it was managed with 
nicardipine, esmolol, or magnesium [ 132 ,  136 ,  137 ]. In a recently published retro-
spective multicenter review of 138 cases of laparoscopic adrenalectomy (including 
30 pheochromocytomas and 39 neuroblastoma), 90% of operations were possible to 
complete without conversion. The data suggested that lesions without involvement 
of surrounding structures can be approached laparoscopically regardless of the size 
of the tumor, size of patient, or suspected pathology [ 138 ]. 

 In a well-documented case [ 139 ], an 8-year-old boy was prepared for surgery 
with phenoxybenzamine, and in the preoperative holding area, atenolol and dexme-
detomidine (1 μg/kg loading + 0.5 μg/kg/h) were started. Perioperatively, he received 
a combination of dexmedetomidine and magnesium sulfate (MgSO 4 ) for hemody-
namic control (50 mg/kg loading + 15–30 mg/kg/h infusion with boluses 5 mg/kg as 
required). Good cardiovascular stability was achieved, but low-dose esmolol 50 μg/
kg/min and nicardipine infusions 2 μg/kg/min were required during tumor manipu-
lation in addition to the magnesium boluses. A 12-year-old boy with bilateral adre-
nal pheochromocytoma [ 140 ] was pretreated with nifedipine, prazosin, and 
propranolol. To control blood pressure surges during surgical removal of the tumors, 
remifentanil (up to 1μg/kg/min), sodium nitroprusside, and esmolol infusions were 
administered successfully. In patients who have had a bilateral cortical-sparing 
adrenalectomy, it can be recommended to perform a high-dose cosyntropin stimula-
tion test before hospital discharge to determine the need for adrenal steroid 
replacement. 

 Neuroblastomas are rare malignant tumors predominantly occurring in child-
hood. They occasionally produce catecholamines, and even if the likelihood of a 
severe hypertensive reaction to tumor manipulation is much less, the preparedness 
should be the same as for pheochromocytoma.   

    Conclusions 

 The perioperative management of pheochromocytoma patients presents interesting 
anesthetic challenges. Since any stimulation of the sympathetic nervous system 
can result in excessive release of postganglionic neuronal norepinephrine, as well 
as of vasoactive hormones from the tumor itself, with an ensuing malignant hyper-
tensive crisis. However, the perioperative mortality for elective cases has gradually 
been reduced ever since the introduction of antihypertensive pretreatment in the 
early 1950s and with an increased access to and knowledge about parenteral vaso-
active drugs. Areas most actively investigated today are how to defi ne criteria for 
when and how to use preoperative α-blockade and how to manage patients with 
hypertrophic cardiomyopathy caused by sustained norepinephrine release from 
secreting tumors.     
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           Embryology of the Urogenital System 

 An appreciation of the embryological development helps in the understanding of 
many of the pediatric genitourinary conditions that present for surgical correction. 

 The mesoderm is divided into the paraxial, intermediate, and lateral plate meso-
derm. The kidney and the urogenital system develop from the intermediate meso-
derm. On either side, the intermediate cell mass gives rise to embryonic structures: 
the pronephros, mesonephros, metanephros, and the Wolffi an and Müllerian ducts 
which develop into the adult urogenital organs. By the end of fetal life, these embryonic 
structures mostly disappear [ 1 ]. 

 The development of the urogenital system begins in the 3rd week of gestation, 
when the pronephros fi rst appears in the cervical intermediate mesoderm [ 2 ]. This 
structure is not functional and rapidly regresses. In the midzone, the intermediate 
mesoderm forms mesonephric tubules (the mesonephros) that continue to differen-
tiate. The mesonephros is replaced by the genital glands and the Wolffi an duct 
remains as the duct of the male genital gland and connects the mesonephros to the 
urogenital sinus. A second tubular structure develops on either side next to the 
mesonephric duct called the paramesonephric or Müllerian ducts. They are joined 
distally and open into the urogenital sinus and remain as ducts of the female genital 
system. Part of the urogenital sinus distal to the termination of these ducts contributes 
to the development of the external genital structures. The proximal urogenital sinus 
develops into the bladder, trigone, and posterior urethra [ 1 ]. 
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    Kidney and Ureter 

 At the beginning of the 5th week of gestation [ 1 ], the ureteric bud forms as an 
 outpouching of the mesonephric ducts in the sacral region. This point of origin of 
the ureteric bud is a relatively fi xed site. It fuses with the most caudal portion of the 
mesoderm, the metanephric blastema. The ureteric bud induces further develop-
ment of the metanephric blastema when the two come in contact. Fusion of the 
ureteric buds and the metanephric blastema initiates nephrogenesis and formation 
of the defi nitive kidney. The ureteric bud differentiates to ultimately form the renal 
pelvis, major and minor calyces, and the collecting duct, whereas the metanephric 
blastema forms the glomeruli, loop of Henle, and convoluted tubules. 

 From the 6th to 9th week of gestation, the kidneys ascend to their fi nal lumbar 
site. The ureteral bud elongates and the blastema ascends upwards [ 2 ]. During 
ascent these structures are revascularized sequentially from higher aortic levels, and 
the lower vessels usually regress but may persist as accessory renal arteries. Urine 
production begins at the 10th week of development. Nephrons continue to form 
until the 34–36th weeks, and tubular function continues to mature. 

 Renal agenesis, dysplasia, multicystic kidney, renal ectopia, and ureteropelvic 
junction obstruction can all result from abnormalities of the ureteric bud, the meta-
nephric blastema, or their union during these phases of development.  

    Testis 

 Gonadal blastema is undifferentiated until the 6th week of gestation. Differentiation 
then occurs based on the chromosomal complement and elaboration of hormones. 
At this stage the germ cells migrate to the gonadal ridges. The testes develop, at the 
back of the abdominal cavity, behind the peritoneum attached by a peritoneal fold 
to the mesonephros. The testes then descend down to the scrotum during develop-
ment in two stages:
    1.    Transabdominal stage – the testes move from the gonadal ridge to the level of the 

internal rings where they remain until 28 weeks of gestation.   
   2.    Inguinoscrotal stage – descent into the scrotum begins after 28 weeks of gesta-

tion and may be due to gubernacular regression and hormonal infl uence [ 2 ,  3 ]. 
Final placement is complete by 40 weeks of gestation. Descent may be halted 
at any stage resulting in cryptorchidism (undescended testis) or maldescended 
testis [ 2 ,  3 ].      

    Bladder Exstrophy 

 The hindgut ends in a dilated pouch, the cloaca. Fusion of the two lateral ridges 
of the cloaca with the urorectal septum occurs during the 5th and 6th weeks, 
dividing the cloaca into an anterior urogenital sinus and a posterior anorectal 
canal. The upper portion of the urogenital sinus forms the bladder and is initially 
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continuous with the allantois which extends into the umbilical cord. This latter 
structure ultimately forms the median umbilical ligament but may give rise to a 
fi stula or cystic remnant [ 2 ]. 

 The cloaca is initially covered anteriorly by a membrane, the cloacal membrane, 
formed by the apposition of the ectoderm and endoderm reaching as far anteriorly 
as the umbilicus. The mesoderm migrates between these layers, eventually to form 
the anterior abdominal wall and the symphysis pubis. Bladder exstrophy–epispadias 
complex results from an abnormality in the development of the anterior abdominal 
wall. The bladder becomes exposed to the exterior, and the infraumbilical mem-
brane is absent with dehiscence of the pubic symphysis [ 3 ,  4 ].  

    Hypospadias 

 Paired swellings in the anterolateral part of the cloacal membrane develop around 
the 5th week of gestation [ 2 ]. They fuse in the midline to form the genital tubercle. 
Under hormonal infl uence, the genital tubercle elongates to become the phallus in 
the male. The urethral groove extends along it. Tubularization of this groove occurs 
by fusion of its endodermal edges in the ventral midline to form the penile urethra. 

 Hypospadias results from failure of fusion of the urethral folds at any level along 
the ventral aspect of the penis, between the perineum and the external urethral meatus.   

    Preoperative Assessment 

 Preoperative assessment in children must consider the emotional upset usually 
caused to both parents and children. Parents consent to procedures on behalf of their 
child; therefore, good communication is important to allay anxiety. Depending on 
their developmental age, children should be involved in all discussions. Urological 
problems can be distressing and embarrassing for children so they should be treated 
with sensitivity. Preanesthetic assessment clinics are useful and help to provide 
information. 

 Most children are healthy and have an isolated urogenital abnormality. However, 
some have associated medical conditions and require additional investigations 
(Table  9.1 ). If cardiac abnormalities are suspected in such cases, their cardiac status 
should be assessed using echocardiography. At the time of presentation, a history of 
recent upper respiratory tract infection is particularly relevant to children, and sur-
gery should only be postponed after due consideration [ 5 – 8 ]. Recent immunizations 
may preclude surgery if there is constitutional upset such as fever, irritability, and 
pain [ 9 ,  10 ].

   In well children, having day-case procedures, e.g., circumcision, hypospadias, 
and preoperative testing, is not required. Anesthetic assessment for major urological 
surgery must ensure that hematology and biochemistry are within normal limits. 
Analgesic techniques commonly involve central neuraxial blockade for urological 
procedures. Contraindications such as congenital spinal abnormalities, local and 

9 Anesthesia for Pediatric Urology



180

systemic infections, bleeding diathesis, and absence of consent should be excluded. 
In congenital conditions, e.g., cloacal exstrophy, associated with a high incidence of 
spinal abnormalities, imaging of the spinal cord should be undertaken before any 
regional technique is considered.  

    Anesthetic Management 

    Posterior Urethral Valves 

 Posterior urethral valves occur in 1:25,000 – 80,000 live births. The abnormality 
results in congenital obstruction of the urethra and can be life threatening in the 
neonatal period [ 11 ]. It is usually diagnosed in the antenatal period as a result of 
fetal hydronephrosis. When severe, decreased fetal urine output leads to oligohy-
dramnios and if this occurs at the time of pulmonary development, it leads to 
 pulmonary hypoplasia and respiratory complications at birth. 

 The urethral obstruction affects the entire urinary tract causing back pressure and 
renal insuffi ciency. Newborns can present with severe systemic illness requiring 
early surgical intervention, e.g., cystoscopy and urethral valve ablation. Endotracheal 
intubation and careful monitoring of ventilatory pressures are essential. Analgesia 
is best managed using a caudal technique where possible. Spinal anesthesia has also 
been documented [ 12 ]. Particular care should be taken maintaining normothermia 

   Table 9.1    Syndromes associated with urogenital abnormalities   

 Beckwith–
Wiedemann 

 Wilms’ tumor  Macroglossia, hemihypertrophy, 
hepatoblastoma, hypoglycemia 

 Cerebro-oculo- 
facial  

 Renal agenesis, 
cryptorchidism 

 Arthrogryposis, microcephaly, cataracts 

 CHARGE  Small genitalia  Coloboma, congenital heart defects, choanal 
atresia, ear anomalies 

 Cornelia de 
Lange 

 Small genitalia, 
cryptorchidism 

 Micromelia, bushy eyebrows 

 Ehlers–Danlos  Hydroureter  Skin hyperextensibility, poor wound healing 
 Laurence–
Moon–Biedl 

 Small genitalia  Obesity, retinitis pigmentosa, polydactyly 

 Marfan  Renal duplication, 
hydroureter, 
cryptorchidism 

 Aortic aneurysm, arachnodactyly 

 Prader–Willi  Cryptorchidism  Hypotonia, obesity, mental retardation 
 Prune belly  Hydronephrosis, 

cryptorchidism 
 Hypoplastic abdominal muscle, congenital 
heart defects, pulmonary hypoplasia, intestinal 
atresia, malrotation, leg maldevelopment 

 Robinow  Small genitalia, 
cryptorchidism 

 Short forearms, fl at face 

 VACTERL  Hydronephrosis, renal 
dysplasia, hypospadias 

 Vertebral anomalies anorectal atresia VSD 
choanal atresia tracheoesophageal fi stula 
deafness 
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as neonates are prone to hypothermia and warmed irrigating fl uids should be used 
for cystoscopy. Other methods to maintain temperature such as a warm theatre suite, 
intravenous fl uids, and warming blankets should also be used.  

    Hypospadias 

 Hypospadias is a relatively common congenital defect. The external urethral meatus 
may be located anywhere along the ventral surface of the penis (Fig.  9.1 ). There 
may be an associated abnormal ventral curvature of the penis (chordee) and an 
abnormal distribution of the foreskin (hood), with a ventral defi ciency [ 13 ]. The 
severity depends on how proximally the urethral meatus is located. In most cases 
the urethral meatus is placed distally – glandular, coronal, or distal penile, while the 
perineal position is rare.

   The incidence in the United States is 1 in 250 live births and is thought to have 
doubled between 1970 and the 1990s [ 13 ]. Environmental estrogenic pollutants and 
increasing maternal age are two suggested reasons for the increase. Several other 
factors have been implicated, but no single factor explains this embryological 
anomaly. The etiology may have a genetic component with an increased incidence 
in children whose fathers are similarly affected [ 13 ]. 

 In cases of distal hypospadias, surgical repair is straightforward. In severe cases 
when the meatus is more proximal, periscrotal, scrotal, or perineal, reconstruction 
is complex [ 14 ]. The proximal intact urethra may have segments of the urethra that 
are thin ventrally. There may also be some degree of penile rotation along the long 
axis. Surgical correction is usually undertaken at 6–18 months and involves correc-
tion of the chordee and reconstruction of the urethra (urethroplasty) to produce a 
good cosmetic appearance. In complex cases the urethroplasty may be staged. 
If there is inadequate local tissue for the reconstruction, particularly in repeat pro-
cedures, a buccal mucosal graft may be required [ 15 ]. 

  Fig. 9.1    Hypospadias       
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 Hypospadias is not associated with an increased incidence of other congenital 
anomalies, but the diagnosis should prompt a search for other associated anomalies, 
e.g., cryptorchidism and inguinal herniation due to a persistent processus vaginalis. 
If hypospadias occurs in association with a unilateral or bilateral undescended tes-
ticle or ambiguous genitalia, a genetic and endocrine consultation should be made 
to exclude congenital adrenal hyperplasia (CAH) and other intersex conditions. The 
investigation should be completed prior to presentation for surgery so that appropri-
ate steroid dosing can be instituted if required. Renal function is usually normal 
unless the hypospadias occurs in the presence of other renal abnormalities. 

 General anesthetic combined with a regional anesthetic technique is the usual 
method of choice. In infants, an endotracheal tube with controlled ventilation is 
preferable. This allows a better control of the end-tidal carbon dioxide when the 
duration of the surgical procedure is unpredictable. This technique may also be 
appropriate for proximal and redo cases that may require a mucosal graft. In older 
children with mild distal hypospadias, a laryngeal mask with spontaneous ventila-
tion may be more appropriate. The incidence of postoperative nausea and vomiting 
is low, especially if opiates are avoided with the use of regional analgesia [ 16 ]. 

 Minor cases should be carried out as day cases, whereas more complex cases 
require inpatient stay. In day-case procedures, analgesia should be provided with 
care not to delay mobilization. A caudal extradural block is an effective analgesic 
technique for hypospadias and reduces postoperative opioid analgesic requirements 
[ 17 ,  18 ]. Bupivacaine 0.25% at 0.8 ml.kg −1  usually produces an adequate block. 
Levobupivacaine 0.25% which has a better safety profi le can also be used. Duration 
of action is about 6–8 hours when no additives are added. To prolong the duration 
of action of the local anesthetic, many different additives have been described 
including clonidine, ketamine, and tramadol [ 19 – 22 ]. No additional intraoperative 
analgesia may be required and acetaminophen (paracetamol) 15 mg.kg −1  may be 
saved for the postoperative period [ 23 ]. Nonsteroidal analgesics should be pre-
scribed if there are no contraindications. 

 A penile block may be appropriate for distal hypospadias surgery and is associ-
ated with a lower incidence of urinary retention [ 24 ]. However, penile block is not 
appropriate for proximal or more complex cases. The volume of local anesthetic 
used for the penile block should be given some consideration. Recommended doses 
suggest 0.1 mls.kg −1  of 0.5% bupivacaine, with 5 mls as a maximum dose. 

 Intravenous fl uids should be given based on the severity of hypospadias and 
duration of the surgical procedure. Postoperatively a compression dressing may be 
applied. Urinary drainage may be necessary postoperatively with either an indwell-
ing or a suprapubic catheter. An early complication is hemorrhage requiring fl uid 
resuscitation and urgent hemostasis.  

    The Acute Scrotum 

 Torsion of the testicle is a urological emergency. There are many potential differen-
tial diagnoses (Table  9.2 ) for testicular torsion, but due to the diffi culty in excluding 
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torsion on clinical grounds, most are managed by emergency exploration. However, 
Doppler ultrasound has been shown to have specifi city of 100% and a negative pre-
dictive value of 97.5% [ 25 ].

   Normally, the tunica vaginalis covers the anterior surface of the testis, the epi-
didymis, and the spermatic cord. If it only covers the spermatic cord, then the testis 
is suspended freely and may rotate in the tunical cavity. The testicle twists on the 
spermatic cord causing vascular compromise. There is usually a 4–8 hour window 
before ischemia causes irreversible damage to the testicle. 

 Testicular torsion presents with sudden onset of severe unilateral testicular pain 
[ 26 ]. Cold weather, causing cremasteric muscle activity, or trauma may be precipitat-
ing factors. The cause of sudden unilateral testicular pain in the 13–21 year age group 
is testicular torsion in 80–90% cases. In the prepubertal age group, other differential 
diagnoses are more common but torsion still accounts for 35% of the cases [ 27 ]. 

 Two types of testicular torsion occur: extravaginal, largely confi ned to the perina-
tal period, prior to testicular descent into the scrotum where torsion of the testicle 
occurs proximal to the tunica vaginalis, and intravaginal testicular torsion which 
occurs within the tunica vaginalis. Extravaginal torsion is associated with abnormal 
fi xation of the tunica vaginalis, sometimes referred to as bell-clapper deformity. 
Surgery involves untwisting of the testicle and assessment for viability. If viable, fi xa-
tion in the scrotum is performed. In both types, the contralateral side is also fi xed [ 28 ]. 

 Torsion of the testis commonly presents out of hours, and surgery should proceed 
as soon as possible without waiting for adequate fasting. Even if the child is suffi -
ciently starved, pain and distress or opioid analgesics may delay gastric emptying, 
and a rapid sequence induction is indicated in most cases. Testicular manipulation 
may elicit a vagal response; therefore, atropine or glycopyrrolate should be avail-
able. A multimodal technique to manage pain, using a combination of acetamino-
phen and NSAIDs, should be used. Infi ltration with local anesthetic by the surgeon 
may be helpful in older children although a caudal extradural block is commonly 
used in the younger age group. Intravenous opioids (fentanyl 1–2 μg.kg −1 , morphine 
100–150 μg.kg −1 ) are also appropriate for this procedure. Incidence of postoperative 
nausea and vomiting is high, and therefore, prophylactic antiemetics, e.g., ondanse-
tron and dexamethasone should be given.  

   Table 9.2    Differential diagnoses of the acute scrotum  

 Torsion of the testis 
 Torsion of the spermatic cord 
 Torsion of the appendage/epididymis 
 Epididymitis/orchitis 
 Hernia/hydrocele 
 Trauma/sexual abuse 
 Tumor 
 Idiopathic scrotal edema (dermatitis, insect bite) 
 Cellulitis 
 Vasculitis (Henoch–Schönlein purpura) 
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    Circumcision, Preputioplasty, and Meatotomy 

 Circumcision is one of the oldest and most commonly performed urological proce-
dures, and the WHO estimates that approximately 30% of all males are circumcised 
worldwide [ 29 ]. The prepuce is adherent during intrauterine development and late 
in gestation spontaneous separation occurs. At birth the prepuce is almost always 
nonretractile, and by 5 years of age, 70% still have some adhesions. Left alone the 
majority becomes completely retractile by adolescence. Therefore, routine circum-
cision for physiological phimosis is not advocated. However, in the developing 
world, circumcision is encouraged as there is evidence to suggest circumcision 
reduces the rate of HIV transmission [ 29 ]. 

 Religious circumcision is commonly performed in the neonatal period in both 
Muslim and Jewish communities. Historically, there has been controversy regarding 
analgesic requirements. Evidence indicates that analgesia avoids the adverse effects 
of gagging, choking, and emesis [ 30 ]. Therefore, efforts must be made to alleviate 
pain. A ring block or dorsal nerve block of the penis is recommended and should be 
used by appropriately trained clinicians. These techniques appear to be safe in new-
borns. Eutectic mixture of local anesthetic (EMLA) cream is more effective than the 
use of sucrose, but methemoglobin levels were evaluated in two trials, and it is not 
recommended in infants [ 31 ]. 

 Medical indications for circumcision include conditions causing chronic pro-
gressive sclerosing infl ammation. The foreskin is fi brosed and abnormally adherent 
and can affect the glans causing urinary retention, necessitating meatotomy and 
removal of the foreskin. 

 Most children undergoing circumcision are physically well, and therefore, it is 
commonly carried out on an ambulatory basis. Airway management using a laryn-
geal mask airway (LMA) is appropriate, although in infants, an endotracheal intu-
bation is preferable [ 32 ]. In infants, the highly compliant chest wall, with less 
negative intrathoracic pressure and small airway resistance, increases the work of 
breathing. This results in a tendency to airway closure during tidal breathing. At 
induction of anesthesia, the reduction in functional residual capacity (FRC) further 
compounds this problem. Breathing spontaneously with an LMA in situ results in a 
progressive increase in ventilation and perfusion mismatch in infants. Ventilation 
through an LMA in this age group easily causes abdominal distension due to the 
respiratory mechanics. Intubation and ventilation allows the use of positive end- 
expiratory pressure (PEEP) to reverse these changes [ 32 ]. 

 A regional anesthetic technique in combination with simple systemic analgesia 
using acetaminophen and nonsteroidal agents provides adequate analgesia. A sin-
gle-shot caudal or a penile block may be used. Caudal additives may help prolong 
the duration of analgesia. Delayed mobilization occurs because of leg weakness due 
to a motor block; therefore, a penile block may be preferable for day surgery [ 31 ]. 
Ultrasound-guided penile block may be superior to landmark technique with respect 
to reduced postoperative pain scores in the fi rst hour and time to fi rst subsequent 
analgesic requirement [ 17 ,  31 ,  33 ]. Ultrasound-guided bilateral injections into the 
subpubic space, deep to Scarpa’s fascia, helps to visualize the spread of the local 
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anesthetic as it comes into contact with the deep fascia, but the dorsal penile nerve 
cannot visualized [ 17 ,  33 ]. 

    Post-circumcision Bleed 
 Incidence of signifi cant hemorrhage following circumcision is 0.8% [ 34 ]. It may 
necessitate urgent return to the operating room for hemostatic control. Bleeding can 
be profuse and is usually underestimated. Asking parents how many diaper changes 
have been necessary prior to presentation may give some indication as to the extent 
of blood loss. Clinical assessment of blood loss using capillary refi ll time, pulse 
rate, blood pressure, and urinary output should be undertaken. Considerable blood 
loss is possible and resuscitation should be commenced as soon as possible. Good 
intravenous access should be secured, and it is essential that full blood count, cross-
match, and a coagulation profi le be obtained. Hemoglobin levels may not refl ect 
blood loss in the absence of adequate resuscitation. The patients may have been fed 
so a rapid sequence induction and intubation are indicated. Fluid resuscitation 
should be guided by clinical parameters, and blood transfusion may be required. 
Post-circumcision hemorrhage may also be the initial presentation of a previously 
undiagnosed bleeding disorder.   

    Cystoscopy and Urolithiasis 

 Cystoscopy is performed for both diagnosis and treatment of pediatric urological 
conditions. It may form part of the investigation for recurrent urinary tract infection, 
urinary incontinence, hematuria, and the assessment of urological anomalies. 
Therapeutic procedures may be carried out for correction of urethral stricture, 
 posterior urethral valves, and urolithiasis. 

 Diagnostic cystoscopy is generally a short procedure and is commonly per-
formed using a laryngeal mask airway with spontaneous respiration; however, 
infants should be intubated [ 32 ]. Therapeutic procedures may be considerably lon-
ger, and intubation with controlled ventilation may be more appropriate. At the time 
of insertion of the cystoscope, urethral stimulation may provoke laryngospasm; 
therefore, it is important to ensure an adequate depth of anesthesia and analgesia. 
Cystoscopy may be complicated by hemorrhage, and a secure intravenous access is 
recommended. Prophylactic antibiotics are required and either gentamicin 5 mg.
kg −1  or Co-amoxiclav 30 mg.kg −1  is given as indicated. A combination of simple 
analgesics such as acetaminophen, nonsteroidal agents, and short-acting opioids, 
e.g., fentanyl, along with local anesthetic gel applied locally to the urethra may be 
suffi cient for postoperative analgesia. In the postoperative period, the patient should 
be monitored for hemorrhage. A rare complication of seizures secondary to dilu-
tional hyponatremia caused by absorption of irrigation fl uid can be prevented by 
avoiding the use of hypotonic intravenous fl uids [ 35 ]. 

 In patients suffering from recurrent urolithiasis, efforts should be made to exclude 
and treat underlying metabolic abnormalities, e.g., hypercalcemia, hyperoxaluria, 
and cystinuria. Stones are managed by extracorporeal shock wave lithotripsy 
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(ESWL), laser lithotripsy, endoscopic removal, percutaneous nephrolithotomy, or 
open approaches. Unlike in adults ESWL is commonly performed under general 
anesthesia rather than sedation. Prophylactic antiemetic therapy is indicated.  

    Orchidopexy 

 Cryptorchidism, absence of one or both testes from the scrotum, is most commonly 
due to failure of testicular descent during normal embryological development. 
It affects 3.7% of term infants at birth, but this number reduces to 1% by 3 months 
of age [ 36 ]. If left untreated, from the age of 2 years, there is gradual loss of germ 
cells with progressive atrophy, azoospermia, and increased risk of cancer. To preserve 
fertility and reduce the risk of testicular malignancy, orchidopexy is indicated and 
involves location of the testis along with its fi xation in the scrotum. 

 The surgical procedure performed depends on the anatomical location of the 
testis. Ultrasonography may identify the position but has a high rate of false posi-
tives and negatives. Therefore, if the testis is not palpable, the initial surgical proce-
dure may be a diagnostic laparoscopy to detect an intra-abdominal testis. Before 
proceeding, an examination under anesthesia may be diagnostic 

 Orchidopexy is usually carried out between 6 and 12 months of age as an ambu-
latory procedure. A palpable undescended testis is usually managed with a single- 
stage orchidopexy via an inguinal or scrotal incision [ 37 ]. Dissection requires 
traction on the spermatic cord which may cause vagal stimulation. However, intra- 
abdominal testis may require a two-stage laparoscopic procedure. In the initial 
stage, surgical dissection allows greater mobility of the testis, but the blood supply 
becomes precariously dependent on the vessels to the vas deferens. The second 
stage is performed 6 months later and may be a combined inguinal and laparoscopic 
procedure to fi x the testis in the scrotum. 

 Anesthesia can be performed using inhalation or intravenous induction depend-
ing on the age of child and the anesthesiologist’s preference. If laparoscopy is to be 
performed, endotracheal intubation and pressure-controlled ventilation is preferred. 
With an inguinal or scrotal approach, a laryngeal mask airway (LMA) with a vola-
tile agent of choice in oxygen and air or nitrous oxide is adequate. 

 Analgesia should be provided using a caudal or ilioinguinal block [ 17 ]. 
Ultrasound-guided ilioinguinal block may be adequate for an inguinal approach, but 
if a scrotal incision is used, additional infi ltration is required [ 38 ]. Ilioinguinal block 
using 0.25% bupivacaine 0.5 ml.kg −1  on either side is recommended. 

 Caudal extradural block using 1 ml.kg −1  of 0.25% bupivacaine achieves analge-
sia up to T10. Testicular innervation is derived from the aortic and renal plexuses 
and sympathetic fi bers connecting to the T10 and T11 segments of the spinal cord. 
Caudal additives help to prolong the duration of the block and are useful in ambula-
tory patients [ 39 ,  40 ]. 

 The use of a caudal block is associated with less supplementary analgesic 
requirements compared to ilioinguinal block and local infi ltration. There is no dif-
ference in complications including delayed micturition, nausea, and vomiting. 
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In addition, simple analgesics such as ibuprofen and acetaminophen should be used. 
The incidence of nausea and vomiting following orchidopexy is high, and prophy-
lactic antiemetics should be given including ondansetron and dexamethasone.  

    Nephrectomy 

 Nephrectomy or heminephrectomy may be carried out for a variety of underlying 
pathologies including multicystic kidney disease (MCDK) and severe obstructive 
nephropathy or due to renal malignancy. Nephroblastoma (Wilms’ tumor) is the 
commonest primary pediatric renal tumor with 500–600 new cases in the United 
States annually [ 41 ]. Most tumors present before the age of 8 with a mean presenta-
tion at 3.5 years [ 41 ]. 

 Nephrectomy was routinely carried out via an open procedure in the past but has 
largely been superseded by laparoscopic surgery for benign procedures requiring a 
short-duration hospital stay. Nephrectomy for malignant cases may still require an 
open procedure depending on the stage of tumor and metastatic infi ltration. In these 
cases a regional analgesic technique should be considered. Preoperative assessment 
should include evaluation for other pathology or congenital anomalies. Baseline 
blood pressure should be recorded as hypertension is common. Investigations 
should identify preexisting anemia, which may occur due to hematuria, renal dys-
function, or coagulopathy. Wilms’ tumor may occur as part of a congenital syn-
drome, e.g., Beckwith–Wiedemann or hemihypertrophy, which also has implications 
for anesthesia. Wilms’ tumors can be associated with coagulopathy due to acquired 
Von Willebrand defi ciency. 

 Anesthesia for laparoscopic procedures usually requires use of an endotracheal 
tube with controlled ventilation. Care should be taken while positioning the child to 
avoid pressure or nerve injury. Prone or lateral positions may be required. Efforts 
should be made to avoid hypothermia. Remifentanil infusion is an ideal agent for 
these procedures. Postoperatively, laparoscopic procedures are less painful than 
open procedures. A study of laparoscopic retroperitoneal nephrectomy has shown 
minimal postoperative opioid requirements suggesting continuous morphine infu-
sions or patient-/nurse-controlled infusions are not required [ 42 ]. A single dose of 
opioid at the end of the procedure, along with simple analgesics and infi ltration of 
port sites, is usually adequate. 

 In Wilms’ tumor, surgical intervention is based on the stage of the tumor. 
Extension of the tumor can result in major hemorrhage at the time of excision. It is 
vital to examine CT reports preoperatively, as renal vein or inferior vena cava exten-
sion of nephroblastoma may occur. Crossmatched blood must be available. Large- 
bore intravascular access in the upper limb and invasive monitoring is necessary. 
Esophageal Doppler cardiac output monitoring may be useful to guide fl uid man-
agement. Remifentanil infusion should be used for intraoperative analgesia. An epi-
dural block should be considered when appropriate. Postoperatively care in an 
intensive monitored setting is advisable.  

9 Anesthesia for Pediatric Urology



188

    Laparoscopic Surgery in Children 

 Laparoscopic surgery has a well-developed role in pediatric urology for both diag-
nostic and therapeutic procedures [ 43 ]. A common diagnostic procedure is to iden-
tify the presence and location of a nonpalpable testis. Nephrectomy and 
nephroureterectomy are common therapeutic procedures. Advantages include better 
cosmetic results, improved postoperative lung and bowel function, reduced intraop-
erative fl uid shifts, early mobilization, and reduced length of hospital stay [ 43 ]. 

 However, laparoscopic surgery in children can have profound physiological con-
sequences, particularly on the respiratory and cardiovascular systems [ 43 ,  44 ]. 
Children depend on diaphragmatic movement for ventilation and have a decreased 
pulmonary reserve. Transperitoneal insuffl ation increases the intra-abdominal pres-
sure (IAP) and reduces functional residual capacity and lung compliance. The 
increase in ventilation–perfusion mismatch increases susceptibility to desaturation. 
Absorption of carbon dioxide used for insuffl ation increases arterial carbon dioxide 
resulting in acidosis [ 44 ]. Healthy children can compensate for these changes with-
out clinical impact, but an increase in minute ventilation is required in susceptible 
children with underlying cardiorespiratory problems to avoid adverse effects. 

 Raised IAP initially increases venous return and cardiac output. At intra- 
abdominal pressures greater than 12 mmHg, venous return is reduced due to com-
pression of the inferior vena cava. Increased systemic vascular resistance, decreased 
venous return, and impaired left ventricular function can decrease cardiac output 
[ 45 ,  46 ]. However, these changes are insignifi cant in healthy children if the IAP is 
not allowed to rise >12 mmHg [ 44 ]. Changes are also affected by surgical position-
ing, particularly Trendelenburg and absorption of carbon dioxide causing a rise in 
end-tidal carbon dioxide. Laparoscopic surgery also carries the risk of additional 
complications such as pneumothorax, subcutaneous emphysema, air embolism, 
hemorrhage, and visceral damage at the site of port entry. 

 Endotracheal intubation with controlled ventilation should always be used. A 
cuffed tube is preferable to allow adequate ventilation with positive end-expiratory 
pressure in the presence of raised IAP. After insuffl ation, cephalad movement of the 
diaphragm occurs and the position of the tracheal tube should be checked to exclude 
endobronchial intubation. Remifentanil infusion, 0.1–0.5 μgm −1 .kg.min, is recom-
mended as laparoscopic surgery often involves intense periods of stimulation intra-
operatively but relatively less postoperative pain. Postoperative analgesia depends 
on the surgical procedure performed. Simple analgesics and local infi ltration of port 
insertion sites should reduce the need for systemic opioids.  

    Bladder/Cloacal Exstrophy 

 Bladder exstrophy is a rare congenital anomaly (1:10,000–1:50,000) [ 4 ] affecting 
the genitourinary tract (Fig.  9.2 ). It is one component of a spectrum of manifesta-
tions. The posterior bladder wall is everted (exstrophy) and the urinary tract is open 
with varying degrees of pelvic diastasis. The presentation may be limited to an 
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epispadias or extend to involve the bladder (exstrophy–epispadias complex) or, 
rarely, involve the cloaca as a cloacal exstrophy.

   Surgical repair aims to achieve closure of the bladder and abdominal wall. A 
single-stage closure of the bladder and epispadias or a planned, staged repair may 
be required for a satisfactory appearance and function. When pelvic diastasis is 
present, pelvic osteotomies allow midline rotation and approximation at the sym-
physis and reduce the risk of wound dehiscence and bladder prolapse [ 47 ,  48 ]. 
Initial repair may be performed in the neonatal period or delayed for a few months 
according to surgical preference. Multiple surgical procedures are usually required 
to achieve the surgical goals and may include bladder neck surgery and bladder 
augmentation as the child grows older [ 48 ]. 

  Fig. 9.2    Bladder Exstrophy       
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 Primary surgical repair is undertaken in the fi rst few months after birth or some-
times in the neonatal period and requires several hours of surgery. Fluid and blood 
loss can be considerable. Adequate peripheral venous access and invasive vascular 
monitoring, both arterial and central venous, are recommended. Monitoring trends 
in central venous pressures is useful to assess intraoperative fl uid requirements, 
particularly when the bladder is open and urine output is impossible to measure. 
Perioperative temperature monitoring and adequate measures to avoid hypothermia 
are essential. Caudal/epidural catheters should be used to manage pain postopera-
tively [ 49 ]. As compared to using opioids alone, neuraxial techniques allow early 
extubation and initiation of feeding as bowel movements are established. The 
infants may have femoral traction or pelvic external fi xators to maintain the pelvis 
in position postoperatively. These patients should be managed in an intensive care 
environment after surgery. 

    Latex Allergy in Pediatric Urology 
 Infants undergoing multiple surgical procedures for complex urological conditions 
early in life are at risk of developing latex allergy. Sensitization may occur due to 
early and prolonged exposure to products containing latex [ 50 ]. Latex is a natural 
rubber and the sap of the tree,  Hevea brasiliensis . It is used in the manufacture of 
rubber gloves and other medical care products. 

 In the perioperative period, a type 1 hypersensitivity reaction may be fi rst recog-
nized by bronchospasm and cardiovascular collapse which can be delayed and 
occur 30–60 min after induction or even in the postoperative period. Delayed type 
IV hypersensitivity may occur 24–48 h after exposure and manifest as watery and 
itchy eyes, sneezing, and coughing. This event is usually not life threatening but 
may predispose to more severe reactions. Latex-free precautions should be taken 
when managing children with exstrophy [ 51 ,  52 ].   

    Prune Belly Syndrome (Eagle–Barrett Syndrome) 

 Prune belly syndrome is a rare congenital anomaly (1: 29,000–1:40,000) that occurs 
predominantly in males (95–97%) [ 53 ] (Fig.  9.3 ). There is a broad spectrum of 
abnormality and several theories of causation. Urethral obstruction early in develop-
ment results in massive bladder distention due to impaired elimination of urine from 
the bladder leading to oligohydramnios and pulmonary hypoplasia. Decreased 
amniotic fl uid may cause limb positioning defects and Potter’s facies. The distended 
bladder compressing the external iliac vessels may compromise the blood supply to 
the lower extremities resulting in abnormality of the lower limbs [ 53 ,  54 ].

   Urinary tract obstruction leads to back pressure, regressive changes during 
development of the kidney, and renal dysplasia. Distended urinary bladder causes 
local pressure and abdominal distension, leading to dystrophic abdominal mus-
cles and with lax abdominal skin. Laxity of the abdominal wall and inability to 
cough cause retention of secretions and respiratory tract infections which may 
result in pneumonia and atelectasis. Chest radiography to exclude pneumothorax, 
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pneumomediastinum, and pulmonary hypoplasia is essential. Respiratory infec-
tions should be treated before surgery. 

 Abdominal wall reconstruction helps to improve respiratory function and cosme-
sis. The other common presentation for surgery is orchidopexy [ 55 ]. Controlled 
ventilation is necessary to avoid hypoventilation, and therefore, neuromuscular 
blocking agents should be used. Continued postoperative mechanical ventilation 
may be required for children undergoing extensive abdominal procedures and when 
signifi cant pulmonary disease is present [ 56 ]. These children are at high risk of 
vomiting and aspiration which may occur following extubation. Postoperative 
respiratory tract infections are common.   

    Postoperative Analgesia 

 A multimodal approach should always be employed when planning postoperative 
analgesic requirements in children. A combination of simple analgesics such as acet-
aminophen and ibuprofen along with local anesthetic infi ltration or nerve blockade 
is adequate for minor urological procedures. It is essential to ensure that there are no 
contraindications for the use of nonsteroidals, particularly in these patients undergo-
ing urological surgery. In major procedures, the multimodal approach must also con-
sider the use of epidural and caudal catheters or intravenous opioid infusions. 

 Knowledge of the sensory innervations of the genitourinary system is essential 
when planning regional anesthetic techniques. The pelvic sympathetic nerves from 
the hypogastric plexus inhibit the detrusor muscle of the urinary bladder and carry 
motor fi bers to the internal sphincter. Therefore, the use of clonidine, an α-2 agonist, 
as a local anesthetic additive in the epidural or caudal block can be very useful if 
bladder spasms are expected as a result of the operative procedure. 

  Fig. 9.3    Prune Belly 
Syndrome       
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 An ilioinguinal block alone is inadequate for any scrotal incision. The anterior 
one-third of the scrotal skin is supplied by the ilioinguinal nerve (L1), posterior 
two- third of the skin is supplied by the perineal nerve (S2), and lateral one-third is 
supplied by the posterior cutaneous nerve of the thigh (S3). Also, any central 
blockade must reach up to the level of T10–L1 with operations of the kidney, ure-
ter, or testis. 

    Caudal 

 Caudal epidural block is one of the commonest performed regional anesthetic 
blocks in children having a urological procedure. It allows a relatively safe access 
to the epidural space and is easy to perform. In the younger age group, local anes-
thetic spread is predictable due to reduced adipose tissue within the caudal space. 

 The caudal space can be accessed via the sacral hiatus. This can be palpated as 
the apex of an equilateral triangle formed with the two posterior iliac spines. The 
lamina of the fi fth sacral (sometimes fourth) vertebra, which fails to meet in the 
midline, can be palpated lateral to the hiatus as the sacral cornua. The hiatus is cov-
ered by the sacrococcygeal membrane [ 56 ]. 

 Caudal block is usually performed in the lateral position after induction of 
general anesthesia. Ultrasound guidance can be used to identify the caudal space, 
and electrical stimulation or ultrasound guidance can also be used to confi rm 
accurate placement of catheters [ 57 – 60 ]. There is also a high reported incidence 
of failure (2.8–11%). Bupivacaine and levobupivacaine 2.5 mg.ml −1  are the local 
anesthetics of choice. Care should be taken not to exceed the recommended maxi-
mum safe doses. One of the drawbacks of caudal analgesia is the short duration of 
analgesia after a single dose (4–6 h). Several adjuncts have been described to 
prolong the duration of postoperative analgesia, e.g., clonidine 1–2 μg.kg −1  and 
preservative- free ketamine 0.5 mg.kg −1  have shown clinically relevant prolonga-
tion of analgesia [ 17 ].  

    Transversus Abdominis Plane Block 

 The transversus abdominis plane (TAP) block aims to deposit local anesthetic in the 
fascial plane between the internal oblique and transversus abdominis muscle. The 
anterior branches of the intercostal nerves, T7 to L1, innervate the anterior abdomi-
nal wall and traverse this plane. The block was fi rst described as a landmark tech-
nique via the identifi cation triangle of Petit just above the iliac crest. However, this 
has been superseded by the use of ultrasound to aid placement of the needle in the 
correct fascial plane. The TAP block may offer an alternative to ilioinguinal/iliohy-
pogastric nerve block for lower abdominal and inguinal surgery [ 61 ]. However, in a 
randomized controlled trial, the ilioinguinal block provided superior analgesia after 
inguinal surgery. TAP blocks may provide some reduction in opioid requirements 
and provide effective analgesia following lower abdominal surgery [ 62 ,  63 ] .   
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    Ilioinguinal/Iliohypogastric Nerve Block 

 The ilioinguinal and iliohypogastric nerves are formed of branches of the primary 
ventral rami of L1 and T12. They provide sensory innervation to skin covering the 
anterior abdominal wall, upper medial thigh, and anterior third of scrotum and root 
of penis and labia majora in females [ 64 ], [ 65 ]. This nerve block is useful for anal-
gesia following groin surgery. Various landmark injection sites have been described 
in the literature. The most commonly used being the injection just anterior and 
inferior to the anterior superior iliac spine with recommended volumes of 0.5 mls.
kg −1  of 0.25% bupivacaine or levobupivacaine. A short-bevelled needle should be 
advanced until a fascial pop is felt as the external oblique aponeurosis is breached 
[ 66 ]. The landmark technique has been associated with a high failure rate of 
20–30%, attributable to anatomical variations in growing children. 

 Use of high-resolution ultrasonography has been shown to improve success rate 
and reduce the volume of local anesthetic required.  

    Dorsal Penile Nerve Block 

 Dorsal penile nerve block is well described for analgesia following circumcision or 
minor hypospadias surgery with low failure and complication rate [ 17 ]. Landmark 
technique is commonly used which involves injection above the root of the penis 
under the symphysis pubis in a posterior, medial, and slightly caudal direction with a 
loss of resistance on penetration of Buck’s fascia. Injection at either side of the sus-
pensory ligament helps avoid midline vessels. 0.1 ml.kg −1  of 0.5% bupivacaine should 
be injected. An alternative is subcutaneous ring block, but this is associated with a 
higher failure and complication rate than dorsal nerve block when used for pediatric 
circumcision [ 17 ]. Ultrasound guidance techniques have been shown to reduce post-
operative pain in the fi rst hour and time to fi rst postoperative analgesia [ 67 ]. Care 
should be taken to ensure the local anesthetic used does not contain vasoconstrictors 
such as epinephrine as arterial vasoconstriction can cause catastrophic ischemia.   

    Conclusions 

 Many of the urogenital conditions discussed are unique to children. Some of these 
conditions require repeat anesthetics, and there is a signifi cant emotional overlay 
due to the nature of the urinary tract abnormalities and the anatomical location of 
the conditions. These children should be handled with empathy and understanding, 
including the use of premedication where appropriate. Any associated medical 
comorbidities should be considered during preoperative assessment and anesthetic 
techniques planned, as discussed. 

 Urological surgery ranges from simple day-case procedures such as circumci-
sion and hypospadias to major surgery for tumors and repair of bladder exstrophy. 
Therefore, a range of anesthetic skills and techniques need to be employed. 
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 When planning analgesia, a multimodal approach should always be employed. 
A combination of simple analgesics such as acetaminophen and ibuprofen with 
local anesthetic infi ltration or nerve blockade is appropriate for minor urology as 
well as minimally invasive procedures. Caudal block is most commonly used due to 
its safety profi le and the site of most surgical procedures, but other regional tech-
niques such as penile and ilioinguinal nerve blocks should be encouraged as well as 
the use of ultrasound guidance for these blocks. 

 During major surgery, epidural and caudal catheters or intravenous opioid infu-
sions should be used after parental consent has been obtained and contraindications 
have been ruled out. For the anesthetic techniques to be safe and effective, it is use-
ful to have an understanding of the embryology, anatomy, and pathophysiology of 
the conditions being treated.     
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           Introduction 

 The adjective “radical” indicates that these procedures are performed to remove all 
areas of locally extensive disease and adjacent lymphatic drainage. They are there-
fore most likely done for malignant rather than for benign disease. Therefore, the 
anesthetic management of patients undergoing these procedures must include an 
appreciation for the multisystem involvement that often accompanies urologic can-
cers. Clearly, the trend over the years has been from open to laparoscopic and, more 
recently, robotic laparoscopic surgical procedures. However, there will be instances 
when laparoscopic or robotic approaches are not indicated; this chapter will deal 
only with major open urologic surgery.  

    Open Radical Cystectomy with Diversion 

 Bladder cancer is the fourth most common cancer in the United States [ 1 ]. Radical 
cystectomy is the treatment of choice for invasive urinary bladders tumors. In this 
operation, the entire bladder and lower ureters are removed. In men, the prostate 
gland and seminal vesicles are also excised (radical cystoprostatectomy); in women, 
the uterus, ovaries, and anterior vaginal wall are removed. Some type of urinary 
diversion is required; this can be accomplished by constructing an ileal conduit or 
the development of a substitute bladder. Even though it appears that continent uri-
nary diversion is advantageous at the time of radical cystectomy, data from the 
Urologic Diseases in America project, initiated by the National Institute of Diabetes 
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and Digestive and Kidney Diseases, indicates that there has not been an appreciable 
increase in this approach [ 2 ]. Operations performed at academic centers and 
National Cancer Institute cancer centers are more likely to include continent recon-
struction [ 3 ]. 

 Reported mortality rates for radical cystectomy have varied widely; one review 
showed a variance of 0.8–8.3% [ 4 ]. In a review of 1,359 patients who underwent 
radical cystectomy over a 30-year period (1971–2001) at a single institution, a 2% 
30-day mortality rate was found [ 5 ]. Most deaths were cardiovascular related. 

 Average blood loss associated with radical cystectomy has been reported from 
560 mL [ 6 ] to 3,000 mL [ 7 ]. Blood component transfusion therapy, with all its 
associated morbidity, is a concern. Major complications of this procedure include 
urinary extravasation and intestinal anastomotic leaks. Gastrointestinal complica-
tions are common as well. In one series, 23% of patients developed a postoperative 
ileus [ 8 ]. Other signifi cant complications include postoperative infections and 
venothromboembolism. Sexual dysfunction may result in both men and women 
[ 9 ]. Not surprisingly, an American Society of Anesthesiologists physical status 
score of 3 or 4 is associated with an increased risk of major complications follow-
ing radical cystectomy [ 10 ]. 

    Anesthetic Considerations 

 These are major operations that need to be approached with respect and some degree 
of trepidation by the anesthesiologist. Clearly, the potential for signifi cant blood 
loss is present and therefore adequate intravenous access is essential. In addition to 
routine monitoring, an arterial line should be placed and its accurate function 
assured after patient positioning. Urinary output, as a measure of fl uid status, will 
be lost; however, the surgeon should be able to determine whether urine is fl owing 
from the cut ends of the ureters. Organ perfusion adequacy can be monitored by 
determining blood lactate levels. After careful consideration of the complications 
associated with central lines, placement of a central venous line for resuscitative 
purposes might be considered in instances where excessive blood loss is antici-
pated. However, central venous pressure monitoring is not a reliable method for 
assessing cardiac performance related to fl uid infusion [ 11 ]. Fluid management 
could be guided by assessing respiratory variation of systolic pressure or pulse pres-
sure on the arterial waveform. Several newer devices automate this process, allow-
ing for measurement of continuous cardiac output and stroke volume variation 
using an existing arterial line (e.g., FloTrac™ Sensor, Edwards Lifesciences, Inc., 
and LiDCO™  plus , LiDCO Ltd.). Predictive use of fl uid responsiveness with these 
devices requires a patient in sinus rhythm and controlled ventilation. 

 General endotracheal anesthesia is indicated; consideration should be given to a 
combined general/neuraxial technique for postoperative analgesia. In a single- 
center study of radical cystectomy patients with intestinal urinary reconstruction, 
for those patients receiving epidural analgesia (along with early enteral nutrition 
and early nasogastric tube removal), a decrease in the incidence of postoperative 
ileus was seen [ 12 ]. 

M.J. Berrigan and M.L. Sherman



199

 Postoperatively, it should be kept in mind that urinary diversion procedures could 
produce bacteremia. Metabolic disturbances may arise due to ionic shifts across the 
bowel mucosa when an ileal conduit has been performed [ 13 ]. Typically, the elec-
trolyte abnormality associated with an ileal conduit is hyperchloremic metabolic 
acidosis. In bowel segments exposed to urine, ammonium, ammonia, hydrogen, and 
chloride are reabsorbed. The disorder can be treated with administration of alkaliz-
ing agents or drugs that impede chloride transport such as chlorpromazine or nico-
tinic acid.   

    Radical Prostatectomy 

 Prostate cancer is the most commonly diagnosed malignancy in men in the United 
States, and it is the second leading cause of cancer death in men. For reasons that 
are not entirely clear, the incidence of prostate cancer is signifi cantly higher in 
African American men than in white men. The disease is a major cause of morbidity 
and mortality, and it is estimated that there will be 240,890 new diagnoses of pros-
tate cancer in 2011 and that prostate cancer will be responsible for approximately 
33,720 deaths in 2011 [ 1 ]. There are many treatment options for prostate cancer; 
however, total surgical excision is recommended in localized disease of the prostate. 
The surgical procedure, termed radical prostatectomy, refers to the removal of the 
entire prostate gland, the ejaculatory ducts, the seminal vesicles, and a portion of the 
bladder neck. 

 Increasingly, surgeries of the abdomen and pelvis are performed laparoscopi-
cally because the newer approach offers numerous advantages, both intraoperatively 
and postoperatively. 

 While laparoscopic prostate surgery offers a minimally invasive approach to sur-
gery which is associated with decreased intraoperative blood loss, decreased compli-
cation rate, decreased postoperative pain, shorter hospital stays, and more rapid 
recovery than open surgical procedures [ 14 ], not all patients are suitable candidates 
for the laparoscopic approach. It is widely recognized that laparoscopic surgery, 
which involves insuffl ation of the abdomen with carbon dioxide, imposes signifi cant 
physiologic changes to the cardiovascular and pulmonary systems. These changes are 
tolerated to varying degrees by different patient populations. Further, laparoscopic 
radical prostatectomy is performed in steep Trendelenburg position, sometimes 
approaching 45° head down. This exaggerated position further increases the already 
elevated intra-abdominal and intrathoracic pressure, and it also elevates intracranial 
and intraocular pressure. An anesthesiologist must carefully consider the impact of 
abdominal insuffl ation and steep Trendelenburg position in all patients, especially in 
patients with signifi cant cardiovascular disease, pulmonary disease, cerebrovascular 
disease, and glaucoma [ 15 ,  16 ]. Additionally, morbid obesity, when coupled with 
steep Trendelenburg position, may present a risk too high for laparoscopic surgery. 
While it is true that less fi t patients are generally the major benefi ciaries of procedures 
with less operative trauma and less postoperative disability, an open procedure may be 
necessary for patients deemed unsuitable candidates for the laparoscopic approach. 
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 When open radical prostatectomy is indicated, there are three anatomic 
approaches, namely, retropubic (RRP), perineal, and suprapubic (see Table  10.1 ). 
Most commonly the retropubic approach is employed as it facilitates anatomic 
nerve-sparing surgery and allows for simultaneous staging pelvic lymphadenec-
tomy [ 17 ]. Alternately, a surgeon may favor the perineal approach due to the rela-
tively avascular surgical fi eld which commonly translates to a decreased transfusion 
rate. Additionally, when compared to the retropubic approach, the perineal approach 
has a lower incidence of anastomotic strictures and a shorter length of hospital stay 
[ 18 ]. Continued refi nement of both surgical techniques has resulted in an overall 
improvement in surgical outcomes [ 19 ]. Finally, the suprapubic approach is men-
tioned for the sake of completeness, but it should be noted that the suprapubic trans-
vesical approach is uncommonly used; while it is the preferred approach to the 
prostate, it is generally not for cancer treatment of the prostate. Further, the supra-
pubic approach has largely been supplanted by transurethral resection of the 
prostate.

      Preoperative Considerations 

 Between the years 2004 and 2008, the median age at diagnosis of cancer of the 
prostate was 67 years. Less than 10% of cases are diagnosed before age 54 years, 
31% of cases occur in men between 55 and 64 years, and approximately 60% of new 
cases occur in men 65 years and older [ 1 ]. Because prostate cancer is a disease of 
older men, preoperative assessment should focus on optimizing comorbid disease 
processes that are prevalent in this patient population. 

 The most common complication of radical urologic surgery is hemorrhage. 
Extensive bleeding can occur during radical prostatectomy if the hypogastric veins 
are inadvertently lacerated during pelvic lymph node dissection, and signifi cant 
blood loss may occur during transection of the dorsal venous complex. Estimated 

   Table 10.1    Intraoperative patient positioning: a comparison of open radical retropubic prostatec-
tomy versus perineal prostatectomy   

 Advantages  Limitations 
 Radical retropubic 
prostatectomy 

 Superb surgical exposure  Challenging in obese patients 
 Facilitates nerve-sparing surgery  Vascular fi eld 
 Allows simultaneous staging  Increased blood loss 

 Increased blood transfusion rate 
 Perineal 
prostatectomy 

 More avascular fi eld  Does not allow simultaneous 
staging of disease 

 Decreased blood loss  Increased likelihood of 
incontinence 

 Decreased blood transfusion  Increased likelihood of sexual 
dysfunction  Decreased postoperative pain 

 Decreased hospital stay 
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blood loss associated with radical retropubic prostatectomy is commonly reported 
between 550 and 800 ml, though higher estimates are infrequently reported [ 20 ,  21 ]. 
Autologous blood donation has been recommended before elective procedures in 
which there is a high likelihood for blood transfusion [ 22 ]. More recently, the prac-
tice of preoperative autologous donation has been challenged as being cumbersome 
and expensive. Further, a review of transfusion practices suggests that nearly half of 
the autologous units of blood are discarded [ 23 ]. There are a number of alternative 
practices which aim to minimize intraoperative blood loss and salvage unavoidable 
operative blood losses. 

 Acute normovolemic hemodilution has been suggested as a less expensive and 
more convenient alternative to predonation of autologous blood [ 24 ,  25 ]. 
Additionally, the use of controlled hypotension (targeted mean arterial blood pres-
sure of 50 mmHg) in appropriate patients has been advocated as an effective and 
less costly alternative to acute normovolemic hemodilution [ 26 ]. Cell salvage in 
radical prostatectomy provides yet another means to avoid allogenic blood transfu-
sion. In one study, patients who underwent radical prostatectomy with cell salvage 
(CS) received approximately 300 cc of salvaged blood product, and none of these 
patients required allogenic blood transfusion. Additionally, the patients assigned to 
CS, when compared to patients who were assigned to the predonation of autologous 
blood group, had higher pre- and postoperative hematocrits and showed no differ-
ences in cancer recurrence rates at 24 and 36 months [ 27 ]. While concerns regarding 
the theoretical risk of cancer dissemination have limited the use of red cell salvage 
in many cancer surgeries, several studies addressing this question have been con-
ducted in the urologic fi eld. In particular, multiple studies examined biochemical 
cancer recurrence rates in patients who underwent radical retropubic prostatectomy 
with and without the use of cell salvage [ 28 – 31 ]. These investigations demonstrated 
that intraoperative red blood salvage did not increase the risk of early biochemical 
relapse or tumor dissemination. Finally, prophylactic hemostatic sutures may be 
placed strategically prior to nerve-sparing dissection and mobilization of the pros-
tate in an effort to minimize intraoperative blood loss [ 32 ]. 

 One of the most common causes of nonsurgical death in patients undergoing 
surgery is deep vein thrombosis (DVT) and resultant pulmonary thromboembolism 
[ 33 ]. Patients undergoing prostatectomy possess multiple, widely recognized risk 
factors for development of DVT, namely, malignancy, surgery, immobility, and 
increasing age. Careful measures, therefore, must be taken to prevent DVT; in fact, 
DVT prophylaxis has been identifi ed by a number of organizations as a marker of 
good quality of patient care. Without prophylaxis, the risk of DVT is estimated to be 
32% for patients undergoing open radical prostatectomy [ 34 ]. With the use of vari-
ous prophylactic measures, studies of radical prostatectomy series have reported 
rates of DVT and PTE ranging from 0.8% to 6.2%. 

 In 2009, the Board of Directors of the American Urological Association (AUA) 
and the Practice Guidelines Committee of the AUA convened a panel to develop a 
Best Practice Statement for the prevention of DVT in patients undergoing urologic 
surgery [ 33 ]. The panel recommends therapeutic options based on consideration of 
patient-specifi c predisposing risk factors for increased development of DVT and the 
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specifi c risk category to which a particular urologic procedure belongs. For open 
urologic surgery, the panel recommends routine use of mechanical prophylaxis 
(graduated compression stockings and/or intermittent pneumatic compression) and, 
commonly, pharmacologic prophylaxis (low-dose unfractionated heparin or low 
molecular weight heparin). When managing patients at risk for heparin-induced 
thrombocytopenia, the use of argatroban may be considered. Always, when deter-
mining the initiation of pharmacologic prophylaxis, risk of bleeding must be 
weighed against the risk of thromboembolic complication. 

 Patients who have undergone percutaneous coronary intervention with stent 
placement present a unique preoperative challenge to both the urologist and the 
anesthesiologist. Following cardiac stent placement, patients almost universally 
take combination antiplatelet therapy, commonly consisting of clopidogrel and 
aspirin, for extended duration. Thus, the operative team must carefully consider the 
delicate balance of prevention of perioperative thrombotic cardiovascular event(s) 
and perioperative hemorrhage. The American College of Cardiology/American 
Heart Association recommends combination therapy for at least 4 weeks for bare-
metal stents and at least 12 months for drug-eluting stents. Knowledge of the type 
of stent employed and the time interval between stent placement and prostate sur-
gery will guide determination of appropriate management of antiplatelet therapy 
during the perioperative period. Consultation with the patient’s cardiologist is 
highly recommended [ 35 ].  

    Anesthetic Considerations 

 Regional, general, or a combined regional/general technique can adequately pro-
vide anesthesia for radical retropubic prostatectomy. Choice of anesthesia technique 
may affect perioperative variables such as volume of blood loss, quality of postop-
erative pain control, and length of hospital stay. One randomized, controlled trial 
compared patients who underwent radical prostatectomy under combined epidural/
general anesthesia to patients who underwent the same surgery under general anes-
thesia alone. Patients assigned to the combined epidural/general anesthesia group 
lost signifi cantly less blood and received signifi cantly fewer blood transfusions 
[ 36 ]. Another study randomized patients undergoing radical prostatectomy to gen-
eral anesthesia (IV induction with propofol and maintenance with isofl urane plus 
fentanyl) or to (L2/3 or L3/4) spinal anesthesia (bupivacaine plus fentanyl). 
Signifi cantly less intraoperative blood loss occurred in the spinal anesthesia group; 
additionally, the spinal anesthesia group had signifi cantly lower pain scores in the 
recovery room and experienced signifi cantly faster recovery of bowel function [ 37 ]. 
The groups did not differ signifi cantly, however, in postoperative pain scores on 
postoperative day 1. In a prospective study that investigated anesthetic choice on 
volume of blood loss in patients undergoing combined epidural/general anesthesia 
with deliberate hypotension versus patients undergoing general anesthesia alone, it 
was found that the combined anesthesia technique with controlled hypotension was 
associated with signifi cantly less intraoperative blood loss. In the epidural group, 
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deliberate hypotension was achieved with a target mean arterial pressure of 
55–60 mmHg. Of clinical importance, the epidural group received signifi cantly 
fewer blood transfusions [ 38 ]. 

 It is well recognized that regional anesthesia reduces the stress response to surgi-
cal stimulation. A recent study evaluated the effect of epidural opioid and local anes-
thetic on the perioperative stress response in elderly patients undergoing RRP. 
Patients received epidural with saline, epidural with local anesthetic, or epidural with 
local anesthetic combined with opioid. Stress response was gauged by glucose, insu-
lin, cortisol, norepinephrine, and prolactin concentrations which were measured over 
48 h postoperatively. Epidural ropivacaine blunted the perioperative stress responses 
in elderly patients undergoing RRP, and the combination of epidural ropivacaine and 
sufentanil was associated with the most pronounced attenuation of the stress [ 39 ]. 
The ability to blunt the stress response in elderly patients undergoing RRP has 
important implications for decreasing risk for adverse cardiac events. 

 The incidence of perioperative hypothermia (body temperature less than 36 °C) 
is high, especially during open surgeries lasting more than 1 h. The consequences of 
poorly regulated temperature range from increased infectious complications, coagu-
lation disorders, and morbid cardiac events to prolonged hospitalization and 
increased costs [ 40 ]. The intraoperative use of forced-air warming blankets in 
patients undergoing radical prostatectomy has been shown to reduce postanesthetic 
recovery time [ 41 ]. Increasing the operating room temperature and warming of irri-
gation fl uids are additional adjunctive therapies to be considered. 

 Postoperative pain control presents a signifi cant clinical challenge for the periop-
erative team. Current anesthesia practice commonly focuses on the intraoperative 
management of pain when, in fact, comprehensive anesthesia care should include 
consideration of intraoperative, noxious stimuli and should also preemptively strike 
at postoperative pain. In that postoperative pain may prolong recovery and lead to 
the development of chronic pain syndromes [ 42 ], it is paramount that postoperative 
pain needs be addressed judiciously and effi ciently. Recommendations for treating 
postoperative pain emphasize the use of multimodal, opioid-sparing therapy [ 43 ]. 
Multimodal analgesia is most effective when combined with some form of regional 
local anesthetic block [ 39 ]. RRP represents a major abdominal surgery. Today, hos-
pital stay after RRP averages 2–3 days compared to routine hospitalizations of 5–7 
days only a decade ago. Improvements in postoperative pain management have 
played a role in this accomplishment [ 44 ]. 

 One retrospective review of 100 patients who underwent RRP by the same sur-
geon examined the impact of multimodal analgesia on the perioperative experi-
ence. At the completion of the prostate surgery, all patients received wound 
infi ltration with local anesthetic, ketorolac, and opioids. Half of the patients under-
went, in addition to the cited medications, a single preoperative oral dose of a 
COX-2 inhibitor and preoperative bilateral paravertebral blocks at T10–T12. 
Patients who received multimodal analgesia had signifi cantly better pain scores 
and used only half of the morphine required by the control group; these differences 
continued from the PACU through the hospital course. Additionally, the patients 
who received multimodal analgesia had signifi cantly shorter hospital stays, by 
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approximately 9 h [ 45 ]. Finally, for postoperative patients unable to take pain 
 medications by mouth, an intravenous formulation of acetaminophen was approved 
for use in the United States in 2010 and may be used as a component in multimodal 
approach to postoperative pain management. 

 Intrathecal analgesia is another technique which may impact postoperative pain 
management and recovery of functional status after RRP. One prospective random-
ized clinical trial investigated the effect of preoperative intrathecal analgesia on 
recovery from RRP [ 46 ]. The investigators studied 100 patients, half of whom had 
general anesthesia followed by IV opioid analgesia, and the other half had general 
anesthesia preceded by placement of preoperative intrathecal analgesia including 
local anesthetic, clonidine, and morphine. All patients received postoperative sup-
plemental morphine as needed. Pain was well controlled throughout the study in 
both groups. Patients who received intrathecal analgesia had decreased pain scores 
and decreased supplemental morphine use on the fi rst postoperative day, but an 
increased incidence of pruritus. Duration of hospital stay was signifi cantly reduced 
in the intrathecal analgesia group (from 2.8 to 2.1 days). There were no differences 
between groups at 12 weeks postoperatively. 

 Another randomized study including 50 patients examined the effi cacy of intra-
thecal morphine with and without clonidine for postoperative analgesia after RRP 
[ 47 ]. Three groups were studied: intrathecal morphine, intrathecal morphine and 
clonidine, and intravenous patient-controlled analgesia (PCA). All patients received 
morphine PCA for rescue analgesia. Results revealed that intrathecal morphine pro-
vided a signifi cant reduction in the morphine requirement in the fi rst 48 h after radi-
cal prostatectomy. The addition of clonidine to intrathecal morphine reduced 
intraoperative opioid use, prolonged the time until fi rst request for PCA rescue, and 
further prolonged analgesia at rest and with coughing. 

 In addition to infl uencing perioperative variables such as intraoperative blood 
loss, attenuated perioperative stress response, postoperative pain control, and short-
ened hospital stay, anesthetic technique has recently been examined for its possible 
infl uence on cancer recurrence rates. A small number of such studies have investi-
gated anesthetic technique and outcomes in RRP surgery. One retrospective study 
reviewed the records of patients who underwent radical open prostatectomy surgery 
and had either general anesthesia with epidural analgesia or general anesthesia with 
opioid analgesia. This study reported a substantially smaller risk of biochemical 
cancer recurrence in patients who received epidural analgesia compared to those 
who received opioid analgesia [ 48 ]. Similarly, the effect of anesthetic technique on 
disease progression and long-term survival was studied. Patients undergoing open 
radical prostatectomy surgery with extended pelvic lymph node dissection received 
either general anesthesia plus intraoperative and postoperative thoracic epidural 
analgesia or general anesthesia combined with ketorolac-morphine analgesia. 
Combined general anesthesia with epidural analgesia was associated with a reduced 
risk of clinical cancer progression compared with general anesthesia and IV analge-
sia. No signifi cant difference was found between groups with respect to biochemi-
cal recurrence-free survival, cancer-specifi c survival, or overall survival [ 49 ]. 
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 The proposed infl uence of anesthetic technique on cancer recurrence focuses on 
the effect of anesthesia on host defenses, especially natural killer cells which are the 
primary defense against cancer [ 50 ]. Many anesthetic agents (inhaled agents and 
opioids in particular) impair immune mediators such as neutrophils, macrophages, 
T cells, and natural killer cells [ 51 ,  52 ]. Furthermore, morphine is proangiogenic 
and promotes breast tumor in animal models [ 53 ]. The factors supporting a positive 
effect of regional anesthesia/analgesia are decreased suppression of host immune 
function, attenuated perioperative stress response, and decreased need for volatile 
anesthetics and IV opioids. Prospective randomized trials to further investigate the 
infl uence of anesthetic technique on cancer recurrence in prostatectomy surgery and 
other cancer surgeries seem warranted. Anesthesiologists should be aware of these 
controversial studies, especially in the context of discussing anesthetic options for 
radical prostatectomy. 

 Routine monitors are likely suffi cient for the majority of patients undergoing 
radical prostatectomy. Invasive hemodynamic monitoring may be indicated in 
patients with signifi cant comorbid disease. Adequate venous access must be estab-
lished as blood loss can be substantial and acute. Urine output is not useful as a 
monitor of fl uid status as the urinary bladder is open during prostatectomy. If vol-
ume status must be closely guarded, such as in a patient with diminished cardiac 
function, a central venous line may be helpful in guiding fl uid management, but as 
stated earlier, is not a reliable method for assessing cardiac preformance related to 
fl uid infusion [ 11 ]. 

 Both the Trendelenburg position and the supine position with elevated kidney 
rest create a potential setup for venous air embolism in that the surgical fi eld is 
above the level of the heart. Signifi cant venous embolism can therefore occur during 
RRP. Monitors for detection of venous air embolism (VAE) include measurement of 
ETCO 2  and ETN 2 , precordial Doppler, and transesophageal echocardiography. 
However, most anesthesiologists routinely use only capnography. If VAE is sus-
pected, management goals include prevention of further entrainment of air and lim-
iting the volume of entrained air. Achievement of these goals requires communication 
with the surgical team, covering the surgical fi eld with saline-soaked dressings, 
adjustment of the operative bed to lower the presumed air entry site and eliminate 
the negative pressure gradient, and examination of the surgical fi eld to identify and 
eliminate the air entry site. 

 Patients undergoing RRP may be placed in extreme lithotomy position to opti-
mize access to the perineum. The risk of lower extremity injury has been well 
described in this position. The peroneal nerve is vulnerable to compression between 
the head of the fi bula and the stirrup. Similarly, the saphenous nerve can be com-
pressed at the medial tibial condyle. The sciatic nerve can also be stretched by 
hyperfl exion of the hip and extension of the knees [ 54 ]. Risk factors which increase 
the incidence of neuropraxia include extremes of body size, duration of surgery 
greater than 2 h, and tobacco use. Additionally, cases of compartment syndrome and 
rhabdomyolysis have been reported in patients undergoing urologic procedures in 
extreme lithotomy position [ 55 ,  56 ].   
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    Nephrectomy 

 Renal cell carcinoma (RCC) accounts for 85% of solid tumors of the kidney 
accounting for approximately 60,000 new cases and 13,000 deaths annually [ 57 ]. 
Intensive study of the biology of RCC has advanced the understanding of its patho-
genesis and has led to novel adjuvant therapies such as the use of tyrosine kinase 
inhibitors. Despite advances in targeted molecular therapy, surgical excision remains 
the primary curative treatment of kidney cancer [ 58 ]. Historically, open radical 
nephrectomy, with and without ipsilateral adrenalectomy and regional lymphade-
nectomy, has been the standard for the surgical approach to localized disease [ 59 ]. 
By defi nition, radical nephrectomy involves excision of the kidney, the ipsilateral 
adrenal gland, perinephric fat, and surrounding fascia. More recently, however, 
resection of the ipsilateral adrenal gland is reserved for cases in which the lesion in 
large and located in the upper pole or when the gland appears abnormal [ 60 ]. 

 There is growing evidence demonstrating that renal preservation is critical even 
in patients in whom contralateral kidney function is normal because there is a higher 
risk of subsequent chronic renal disease following radical nephrectomy for RRC 
[ 61 ]. As a result, surgical options have expanded to include nephron-sparing sur-
gery, or partial nephrectomy. 

 Partial nephrectomy involves the complete resection of a localized renal mass 
with clear surgical margins while preserving as much normal renal parenchyma as 
possible. Today, nephron-sparing surgery is indicated in patients who have a solitary 
functional kidney, patients who have bilateral synchronous tumors, patients who 
have comorbidities that place them at high risk for long-term renal insuffi ciency or 
failure (diabetes, hypertension, renovascular disease), and patients who have small 
(<4 cm) unilateral renal mass of the upper or lower pole and a normal contralateral 
kidney [ 62 ,  63 ]. 

 Nephron-sparing surgery has demonstrated curative potential equal to that of 
radical nephrectomy in the treatment of renal cell carcinoma [ 58 ]. A matched com-
parison of 164 patients treated with either radical nephrectomy or partial nephrec-
tomy reported no differences between the two groups in overall survival, 
cancer-specifi c survival, complication rate, and development of metastatic disease. 
Patients who underwent nephron-sparing surgery, however, demonstrated a 
decreased incidence of chronic kidney disease and a decreased rate of proteinuria at 
10-year follow-up [ 61 ]. 

 With widespread acceptance of laparoscopy in urologic surgery, minimally inva-
sive techniques have been applied to radical and partial nephrectomy resulting in an 
alternative to the open approach. The laparoscopic approach to surgery, in general, 
is associated with decreased morbidity and faster recovery, and with respect to renal 
cell carcinoma, the laparoscopic approach has shown comparable survival outcomes 
as the open surgery [ 64 ]. Laparoscopic radical nephrectomy, however, has been 
limited to use in localized, renal cell carcinoma of small size (less that 4 cm) with-
out invasive features and without substantial venous or nodal involvement. 
Additionally, patients selected for laparoscopic partial nephrectomy represent a 
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lower-risk cohort than those patients selected for open surgery. Patients selected for 
laparoscopic partial nephrectomy generally have smaller tumors, more favorable 
tumor biology and location, and superior functional status when compared to 
patients selected for open surgery. Compared to open partial nephrectomy, laparo-
scopic partial nephrectomy has been associated with longer warm ischemia times 
(clamping of renal vessels) and more postoperative complications requiring addi-
tional interventions [ 65 ]. The impact of longer ischemia time merits further study. It 
is possible that the longer ischemia time during laparoscopic surgery may partially 
or completely negate the more favorable long-term renal function associated with 
(open) nephron-sparing surgery. 

 While the vast majority of nephrectomies are performed for cancer treatment, 
this operation may also be performed selectively in the management of patients 
with autosomal dominant polycystic kidney disease (ADPKD). ADPKD affects 
approximately 600,000 patients in the United States (12 million worldwide) and 
is the fourth leading cause of renal failure. ADPKD is responsible for approxi-
mately 10% of all end-stage renal disease (ESRD), usually in patients between the 
ages of 40 and 60 years. By age 60 years, nearly half of patients with ADPKD 
have ESRD [ 66 ]. The disease is characterized by the presence of multiple, vari-
able-sized cysts in both kidneys. Initially, symptoms of ADPKD result directly 
from the cysts, and patients may experience lumbar pain, recurrent urinary tract 
infections, hematuria, and arterial hypertension. By the third or fourth decade, the 
overwhelming number and volume of cysts lead to increasing loss of renal func-
tion [ 67 ]. Eventually, hemodialysis and/or kidney transplantation are recom-
mended treatments. 

 Polycystic kidneys are typically massively enlarged, and, for this reason, surgical 
removal is limited to the most severe cases. The indications for native nephrectomy 
include recurrent infection, pain, and to make space for transplantation. Less than 
20% of patients with ADPKD undergo native nephrectomy. Nephrectomy is per-
formed only when the native kidney volume is excessive and when the relief of 
symptoms outweighs the risk of complications of surgery. Polycystic kidneys can 
approach 2.5–5 kg and may descend below the iliac crest. The excessive kidney 
volume may compress adjacent organs and cause intractable pain [ 68 ]. 

 When native nephrectomy is clinically indicated, there is considerable contro-
versy regarding the optimal timing for removal of the diseased organ. Some centers 
perform staged procedures, wherein the native kidney is removed in a preliminary 
surgery and months later the transplantation is scheduled. These patients may 
require bridging hemodialysis. In other centers, native nephrectomy is scheduled 
concomitantly with the transplantation. On occasion, nephrectomy may be neces-
sary following transplantation if the native kidney continues to be a likely cause of 
persistent hypertension, recurrent pyelonephritis and sepsis, or pain. A recent pilot 
study (25 patients) examined the effectiveness of transcatheter arterial embolization 
(TAE) of enlarged polycystic kidneys as an alternative to nephrectomy before renal 
transplantation. TAE was well tolerated and kidney volume reductions of 42–54% 
were reported [ 69 ]. 
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    Preoperative Considerations 

 Men are affected twice as often as women by RCC. The peak incidence of RCC is 
60 years, and tobacco smoking has been identifi ed as a risk factor. For these reasons, 
tumors of the kidney affect a patient population at risk for coronary artery disease 
and chronic obstructive pulmonary disease. The classic diagnostic triad of fl ank 
pain, hematuria, and abdominal mass is only found in approximately 10% of 
patients. Paraneoplastic phenomena and abnormal laboratory values may be pres-
ent, including increased erythrocyte sedimentation rate, eosinophilia, and elevations 
of hormonelike factors such as prolactin, renin, and glucocorticoids [ 70 ]. 
Additionally, preoperative evaluation should include consideration of the degree of 
renal impairment and likely anemia. 

 While patients presenting for surgical management of unilateral RCC usually 
have preserved renal function due to a functional contralateral kidney, patients 
undergoing nephrectomy for ADPKD have bilateral disease and, therefore, most 
often have severely impaired renal function. Some of these patients, in fact, may 
require hemodialysis as a bridging therapy prior to renal transplantation. 
Understandably, this patient population is at substantial risk for increased morbidity 
and mortality.  

    Anesthetic Considerations 

 The most commonly used incisions for radical nephrectomy are fl ank, lumbar, sub-
costal, and thoracoabdominal approaches. The fl ank incision allows for direct 
access to the kidney and retroperitoneum, but it is not optimal if vena cava access is 
needed. The subcostal approach, also called the chevron or transabdominal incision, 
allows access to the entire abdomen and contralateral retroperitoneum. Selection of 
the optimal approach is infl uenced by a variety of factors including surgeon prefer-
ence, tumor size and location, and the patient’s body habitus. 

 The anesthesiologist should be familiar with the potential complications associ-
ated with each of the surgical approaches to radical nephrectomy. The pleural space 
is entered in the thoracoabdominal incision; thus, surgical access may be facilitated 
by the use of a double-lumen endotracheal tube and defl ation of the ipsilateral lung. 
Prolonged retraction of the lung may result in a pulmonary contusion necessitating 
postoperative ventilation. Injury to the phrenic nerve may occur during dissection of 
the diaphragm. Injury to the pleura may also occur with the fl ank incision. Violation 
of the pleura may be recognized by fi lling the fl ank wound with sterile solution and 
administering a Valsalva maneuver. Small tears can be managed by suturing the 
pleural rents or by insertion of a chest tube. It is prudent to obtain a postoperative 
end-expiratory chest radiograph after all fl ank incisions to ensure that a signifi cant 
pneumothorax is not present. The fl ank incision follows the path of the intercostal 
nerves, so the risk of denervation is minimized. The fl exed lateral decubitus position 
which facilitates the various incisions has been associated with rhabdomyolysis of 
the erector spine muscles [ 71 ]. Typically, RCC is a highly vascular tumor, and 
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extensive blood loss from a variety of locations (renal hilum, adjacent structures, or 
collateral tumor vessels) may occur. Adrenal tears may also result in signifi cant 
hemorrhage. Finally, injuries to organs of the abdominal cavity including the colon, 
duodenum, and the liver may occur. Splenic injury is one of the more common com-
plications associated with a left nephrectomy, with an incidence as high as 10%. 

 The anesthetic management of patients undergoing radical nephrectomy should 
include general endotracheal anesthesia. Alternately, combined regional/general 
endotracheal anesthesia may be employed. It has been shown that intraoperative 
epidural infusion of local anesthetic suppresses the stress hormone response and 
lowers opioid requirement when compared to straight general anesthesia in open 
nephrectomy [ 72 ]. 

 Anticipating extensive blood loss, adequate venous access should be obtained 
and central venous cannulation may be indicated, for both central venous pressure 
monitoring and rapid transfusion. Retraction of the inferior vena cava may cause 
transient hypotension; direct arterial pressure monitoring is useful for this reason 
and also for guidance of tight blood pressure control in patients with cardiac comor-
bidity. Additionally, arterial monitoring may prove useful in those patients in whom 
postoperative mechanical ventilation is indicated. 

 Radical nephrectomy with excision of a vena caval thrombus is a much more 
challenging procedure, and its potential complications mandate complex manage-
ment. Neoplastic extension into the vena cava occurs in 4–10% of patients with 
RCC [ 73 ]. If control of the vena cava above the tumor thrombus can be obtained, 
cardiopulmonary bypass is not necessary. When, however, a large tumor thrombus 
is present, extending toward the right atrium, management is greatly complicated 
and necessitates the use of cardiopulmonary bypass. This complex surgery is typi-
cally performed with a multidisciplinary team (urology, cardiovascular surgery, and 
anesthesiology) in a tertiary care center. Mortality for patients requiring cardiopul-
monary bypass is 20%. An area of ongoing investigation is the evaluation of deep 
hypothermic circulatory arrest as a measure to reduce morbidity and mortality in 
these challenging surgeries [ 74 ]. Additional management considerations include 
recognition that central venous pressure may often be elevated due to caval obstruc-
tion. If the thrombus extends into the right atrium, dislodgment and embolization of 
tumor fragments may occur with insertion of a central venous catheter. In these 
patients, a pulmonary artery catheter is contraindicated. Numerous authors have 
reported on the use of transesophageal echocardiography during the surgical resec-
tion of renal cell carcinoma invading the inferior vena cava to defi ne its shape and 
proximal extent, as well as to guide management in the event of pulmonary embo-
lism during such resections [ 75 – 77 ]. 

 Patients with ADPKD have compromised renal function and may be dialysis 
dependent. Patients who are dialysis dependent should undergo hemodialysis the 
day before scheduled surgery. For all patients undergoing surgery for ADPKD, spe-
cial attention must be paid to the many drugs commonly administered during anes-
thesia which are dependent on renal excretion for elimination [ 78 ]. Morphine and 
meperidine should be used with caution because of the potential for accumulation 
of metabolites in the context of renal impairment. Patients with renal impairment 
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may be sensitive to benzodiazepines due to decreased protein binding. If the 
patient’s potassium level is signifi cantly elevated or unknown, the use of succinyl-
choline should be avoided. Cisatracurium may be considered for muscle relaxation 
as it is metabolized via ester hydrolysis and Hofmann elimination. Other pharmaco-
logic considerations for the patient with renal impairment include adjusted dosing 
of antimicrobial agents and avoidance of nonsteroidal anti-infl ammatory agents. 
Additional perioperative considerations include establishment of adequate venous 
access, placement of an arterial line for continuous blood pressure monitoring, and 
correction of metabolic derangements (hyperkalemia, metabolic acidosis, hypocal-
cemia, hyperphosphatemia). Finally, the anesthesiologist must consider preparation 
of appropriate blood products because patients with renal dysfunction not only have 
reduced red blood cell volume but also have an increased bleeding risk secondary to 
decreased platelet function and decreased levels of von Willebrand factor.   

    Conclusions 

 Patients with diseases of the bladder, prostate, and kidney present a number of chal-
lenges to the anesthesiologist. Because of their age and the nature of their disease, 
patients may be chronically ill and carry the potential for multisystem organ dys-
function. Commonly encountered medical problems in this patient population 
include hypertension, ischemic heart disease, congestive heart failure, renal dys-
function, anemia, and multiple metabolic derangements including metabolic acido-
sis, hyperkalemia, and hyponatremia. In order to appropriately and safely manage 
this population of patients, it is paramount that the anesthesiologist understands the 
complexities of diseases of the bladder, prostate, and kidney and that he/she inter-
venes to avoid hypotension, maintain normovolemia, and preserve baseline or resid-
ual renal function. While some of these complex surgeries or parts of these complex 
surgeries may indeed be performed laparoscopically, it is clear that the open surgi-
cal approach remains highly relevant in the context of complex urologic surgery 
performed for malignant disease of the bladder, prostate, and kidney as well in the 
surgical management of patients with ADPKD.     
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           Introduction 

 An estimated 1–2% of pregnant women undergo surgical procedures unrelated to 
delivery each year, although the true incidence is believed to be far higher due to 
pregnancies that remain undetected at the time of surgical intervention [ 1 ]. In the 
United States alone, this translates into at least 80,000 nonobstetric surgeries among 
pregnant patients annually [ 2 ]. The majority of these procedures are related to con-
ditions common to this age group and gender, including appendicitis, ovarian cysts, 
cholecystitis, breast masses, trauma, and pregnancy-related conditions, such as cer-
vical incompetence, missed or incomplete abortions, and increasingly, fetal surger-
ies [ 3 ]. However, cardiopulmonary bypass, liver transplants, craniotomies, and 
other major surgical procedures have also been performed in pregnant patients. 
Urologic conditions that require surgical and/or anesthetic intervention comprise a 
small percentage of this annual total. 

 Pregnant patients presenting for nonobstetric surgery pose a series of challenges 
to anesthesiologists, as well as to other health-care providers. Symptoms of a dis-
ease state may be obscured by pregnancy or may be mistaken for physiologic 
changes of pregnancy. Clinical workup may be complicated by reference ranges for 
laboratory results that differ from those of the nonpregnant population or by con-
cerns for ionizing radiation that limit diagnostic testing. In addition, surgery during 
pregnancy presents a unique situation in which more than one patient must be taken 
into consideration. Fears of fetal exposure to antibiotics, analgesics, and anesthetics 
and concerns about maternal physiologic changes of pregnancy require familiarity 
with updated, evidence-based practices and, ideally, experience with this patient 
population. 
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 Anesthesiologists providing care for pregnant patients must take into consider-
ation coexisting diseases, alterations in anatomy and physiology, and the duration, 
location, and nature of the surgery. By optimizing care for the mother, the potential 
fetal risks of preterm labor, hypoxia, and asphyxia can be minimized. Such care 
often requires coordination among anesthesiologists, surgeons, and obstetricians 
regarding whether surgery can be delayed, if fetal monitoring is necessary or feasi-
ble, what surgical approach (open or laparoscopic) is planned, patient positioning 
during surgery, etc. It also requires familiarity with clinical effects of anesthetics 
during pregnancy, knowledge of how anesthetics may affect the fetal heart rate 
(FHR), and an understanding of appropriate interventions to manage maternal 
hemodynamic changes. 

 Given the potential anesthetic challenges that parturients present, this chapter 
reviews common urologic emergencies in pregnant women, with particular empha-
sis on the physiologic changes of pregnancy, measures to optimize maternal well- 
being, concerns of teratogenicity and preterm labor, and special considerations that 
anesthesiologists must bear in mind while caring for this patient population. This 
chapter also explores the specifi c analgesic and anesthetic options available to anes-
thesia providers in urologic surgical suites.  

    Urologic Emergencies 

 Although urologic emergencies requiring surgical intervention are relatively rare 
during pregnancy, a small percentage of pregnant women will develop some form of 
complication involving the urinary tract, including acute pyelonephritis, ureteral or 
kidney stones, an uncommon urologic malignancy, or a urinary tract complication 
of delivery, such as bladder trauma or placenta percreta with bladder involvement. 
In some cases, conservative management is suffi cient, but occasionally the situation 
escalates to an emergency requiring surgical and anesthetic intervention. The anes-
thetic management of such emergencies demands an understanding of appropriate 
perioperative antibiotic regimens, options for diagnostic testing, the optimal timing 
for surgical interventions, and appropriate analgesic and anesthetic regimens. This 
section reviews both the common and rare urologic emergencies during pregnancy, 
with emphasis on diagnostic tests, treatment options, and anesthetic management. 

    Urinary Tract Infections 

 Urinary tract infections (UTIs), including asymptomatic bacteriuria and symptom-
atic acute cystitis and pyelonephritis, are among the most common bacterial infec-
tions in pregnancy. Roughly 2–10% of parturients develop asymptomatic bacteriuria, 
an incidence similar to sexually active nonpregnant counterparts [ 4 ]. However, 
pregnant women are more likely to develop symptomatic ascending infections due 
to the anatomic and physiologic changes of the urinary tract during pregnancy. 
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Untreated, bacteriuria can cause signifi cant maternal and fetal morbidity, including 
an increased risk of preterm delivery, low birth weight infants, and perinatal mortal-
ity [ 5 ]. Consequently, screening for and treatment of asymptomatic bacteriuria 
 during pregnancy has become the standard of care. 

 Appropriate antibiotic treatment is advised when asymptomatic bacteriuria is sus-
pected in pregnant patients. Common uropathogens include  Klebsiella ,  Proteus , 
 Enterobacter ,  Staphylococcus saprophyticus ,  Streptococcus agalactiae  (Group B 
streptococcus), and  Escherichia coli , with the latter accounting for roughly 70–80% 
of all cases [ 6 ]. While there is no universally accepted protocol for the treatment of 
asymptomatic bacteriuria in parturients, antibiotics with effective coverage against 
the offending organism, with good maternal–fetal safety profi les, and with low rates 
of resistance within the community are preferred. Cephalosporins, amoxicillin, trim-
ethoprim–sulfamethoxazole, and nitrofurantoin are effective in the majority of cases. 

 Treatment of asymptomatic bacteriuria during pregnancy decreases the risk of 
developing acute pyelonephritis from 30% to below 1% [ 7 ]. Nonetheless, some 
women will develop acute pyelonephritis, most often in the second and third trimes-
ters, and a small percentage of those will develop bacteremia, acute respiratory 
distress syndrome, renal failure, and, rarely, septic shock [ 8 ]. With the possible 
exception of a small subset of patients who are less than 24 weeks’ gestation, known 
to be compliant, and otherwise healthy, pregnant patients with acute pyelonephritis 
are admitted to the hospital for treatment and observation. Those in septic shock 
require intensive care, continuous monitoring of urine output, and, in most cases, 
invasive monitoring of fl uid balance and hemodynamic status. A careful review of 
lab results is recommended prior to any invasive procedures, as thrombocytopenia 
and hemolysis can accompany renal failure. 

 Common organisms in the pathogenesis of pyelonephritis logically parallel those 
seen in asymptomatic bacteriuria, namely,  E. coli ,  Klebsiella–Enterobacter ,  Proteus , 
and Group B strep. In general, empiric intravenous antibiotics are initiated in all 
parturients with acute pyelonephritis, most often with a second- or third-generation 
cephalosporin or with ampicillin plus gentamicin, until bacterial sensitivities are 
available. Structural abnormalities of the urinary system and urolithiasis must be 
ruled out in all parturients with acute pyelonephritis.  

    Urolithiasis 

 Despite multiple predisposing factors of pregnancy, the incidence of urolithiasis is 
similar among pregnant and nonpregnant women of childbearing age. Affecting 
roughly 1 in every 1,500 pregnancies, renal and ureteric stones are most common 
after 20 weeks’ gestation, when ureteral dilatation and compression by the gravid 
uterus is marked [ 9 ]. 

 Distinguishing urolithiasis from common signs and symptoms of pregnancy or 
from acute pyelonephritis can be challenging. Typically, pregnant patients present 
with fl ank or abdominal pain, microscopic or frank hematuria, and nausea and vom-
iting, often in the presence of a persistent lower UTI. Abdominal ultrasound is the 
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fi rst-line imaging modality for the detection of nephrolithiasis in pregnant patients, 
although it is not sensitive in distinguishing physiologic hydronephrosis of preg-
nancy from acute ureteral obstruction. The use of color Doppler ultrasonography 
increases the sensitivity and specifi city, particularly when the ureteral jets are visu-
alized. Nonetheless, diagnosis of distal stones may require a plain abdominal radio-
graph or, occasionally, transvaginal ultrasound [ 10 ]. If other diagnostic tests are 
equivocal, a limited intravenous pyelogram (IVP), low-dose computed tomography 
(CT) scan, or magnetic resonance urogram can be performed [ 11 ]. However, IVP 
studies expose the fetus to ionizing radiation, albeit a minimal amount, and use 
iodinated contrast agents that can cross the placenta and potentially damage the 
fetal thyroid gland. CT scans are often avoided during pregnancy due to concerns 
for ionizing radiation, and magnetic resonance imaging (MRI) has limited utility in 
detecting stones in pregnant patients. Regardless of the imaging technique, expedi-
tious diagnosis and management of urolithiasis in pregnant patients is essential in 
order to avoid complications, such as preterm labor, sepsis, and spontaneous renal 
rupture [ 12 ]. 

 Occasionally, pain from urolithiasis is severe enough to warrant hospitalization, 
although patients are most often treated conservatively on an outpatient basis. 
Estimates vary, but roughly 64–84% of symptomatic calculi will pass spontane-
ously with hydration, antibiotic treatment, when appropriate, and analgesia [ 13 ]. A 
wide variety of pain medications that can be taken on an outpatient basis, including 
acetaminophen with codeine, hydrocodone, or oxycodone, are suitable for pregnant 
patients. Nonsteroidal anti-infl ammatory drugs (NSAIDs) should be avoided in the 
third trimester due to concerns for premature closure of the ductus arteriosus [ 14 ]. 
When oral intake is restricted as a result of nausea and vomiting, intravenous pain 
medications, such as acetaminophen, meperidine, fentanyl, morphine, or hydromor-
phone, can provide patient comfort without harming the fetus [ 15 ]. Patient- 
controlled analgesia (PCA) pumps with narcotics or continuous epidural infusions 
of opioids, with or without local anesthetics, are appropriate for severe, refractory 
pain. A continuous segmental block (T11-L2) may speed relief from obstructing 
stones, as well as reduce distal ureteral smooth muscle tone and facilitate spontane-
ous stone passage [ 16 ]. 

 Persistent calculi refractory to conservative management, complicated by infec-
tion or sepsis, and associated with complete unilateral or bilateral renal obstruction 
require surgical intervention, often emergently. In some situations, temporary relief 
of the obstruction with percutaneous nephrostomy or double-J ureteral stents, with 
defi nitive management after delivery, is appropriate. Both procedures can be per-
formed with ultrasound guidance under light sedation or local anesthesia, although 
general anesthesia with limited fl uoroscopy may be required for retrograde ureteral 
stent placement in cases complicated by pelvic hypervascularization and anatomic 
changes of the bladder. Because of the high risk of encrustation due to the hypercal-
ciuria and hyperuricosuria of pregnancy, double-J stents require replacement every 
4–8 weeks, increasing hospitalizations and the risks associated with this temporary 
measure of relieving obstruction. Nephrostomy tubes, which are also predisposed to 
encrustation, can be managed more easily with frequent irrigation and replacement, 
when necessary, under local anesthesia. 
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 Ureteroscopy may serve as an alternative to double-J stents or percutaneous 
nephrostomy for the management of symptomatic stones during pregnancy. In expe-
rienced hands, this procedure can be performed with minimal radiation exposure; 
under local, regional, or general anesthesia; and at any stage during pregnancy. Both 
progesterone-induced dilatation of the urinary tract and technological improvements 
in equipment help to facilitate scope advancement and minimize patient discomfort 
during the procedure. Nonetheless, if a spinal or continuous lumbar epidural tech-
nique is performed, a T8 level is required for procedures involving the ureters. 
General anesthesia with a supraglottic airway is an alternative early in gestation in 
the absence of risk factors for aspiration, as muscle relaxation is not necessary during 
ureteroscopy and stone extraction. It is essential to maintain left uterine displace-
ment (LUD) with a wedge after 18–20 weeks’ gestation, despite the logistical chal-
lenges that occasionally present in the cystoscopy suites. Obstructing calculi can be 
extracted with stone forceps or a basket or, alternatively, fragmented with holmium 
laser lithotripsy. The use of high-frequency ultrasound lithotripsy is not recom-
mended during pregnancy due to potential risks to the fetal auditory system and 
concerns for inducing labor [ 17 ]. Extracorporeal shock wave lithotripsy (ESWL) is 
contraindicated in pregnancy for similar reasons, such as induction of preterm labor, 
potential risks to the fetus, and concerns for irradiation [ 18 ]. That said, several case 
reports have documented the successful treatment of obstructing calculi with ESWL 
in patients with undetected pregnancies with no harm to the fetus [ 19 ]. 

 In rare situations, a nephrectomy may be required to treat life-threatening com-
plications of urinary tract calculi, such as complete obstruction, obstruction with 
infection, obstruction with renal failure, obstruction of a solitary kidney, and urinary 
sepsis. This emergency procedure may require liberal use of vasoactive drugs, par-
ticularly in cases of sepsis, and aggressive transfusion of blood products, as anemia 
may be associated with renal failure, and can be performed under general anesthesia 
via either laparoscopy or open laparotomy. However, temporary urinary diversion 
via double-J stents or percutaneous nephrostomy tubes or, alternatively, stone 
removal via ureteroscopy resolves the obstruction in the majority of refractory cases.  

    Urological Malignancies 

 Pregnancy and cancer comprise the only two naturally occurring conditions toler-
ated by the intact immune system. Yet there does not appear to be a higher risk of 
cancer during pregnancy. The overall incidence of malignant tumors in pregnant 
patients is estimated at 2.35 per 10,000, with malignant melanoma, cervical and 
breast cancer, and lymphoma comprising the majority of cases [ 20 ]. Urologic 
malignancies during pregnancy comprise a small portion of this total [ 21 ]. 

 Renal cell carcinoma (RCC), although rare, is the most common urologic neo-
plasm of pregnancy [ 22 ]. Risk factors associated with this neoplasm include 
increased body mass index, a history of hypertension and diabetes, and multiparity. 
Patients may present with hematuria, fl ank pain, a palpable mass, and hypertension. 
Diagnosis is confi rmed by ultrasound and MRI. The defi nitive treatment for RCC in 
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most stages is radical nephrectomy. However, during pregnancy the biological 
behavior of the tumor and the gestational age of the fetus must be considered. 
Traditionally, surgery is recommended immediately when the tumor is diagnosed in 
the fi rst or early second trimesters; later in gestation, fetal lung maturity should be 
established prior to surgery [ 23 ]. Case reports describe successful laparoscopic rad-
ical nephrectomy in each trimester of pregnancy [ 24 ]. 

 Ureteral and bladder tumors are extremely rare during pregnancy. Ureteral 
tumors have been described in case reports, including two cases of transitional cell 
carcinoma reported in the English language literature. One patient was diagnosed 
prenatally but refused treatment and ultimately presented with metastatic disease 
[ 25 ]. A second parturient developed complications, including a ruptured renal pel-
vis, and underwent nephrectomy without incident during pregnancy [ 26 ]. Benign 
ureteral tumors, such as malakoplakia, are treated with prolonged antibiotic therapy. 
Bladder tumors, including transitional cell carcinoma, adenocarcinoma, and squa-
mous cell carcinoma, present with vaginal bleeding, dysuria, urgency, frequency, 
and hematuria, all of which are commonly seen in other conditions during preg-
nancy. If hematuria persists in the absence of infection, ultrasound and, ultimately, 
cystoscopy are recommended to evaluate the bladder. Cystoscopy can be performed 
in the offi ce under topical anesthesia or as an outpatient under monitored anesthesia 
care (MAC), local, spinal, continuous lumbar epidural, or general anesthesia. If a 
suspicious area is identifi ed, cystoscopic biopsy and clinical staging can be per-
formed, preferably under regional or general anesthesia. 

 Treatment for bladder cancer is the same in pregnant patients and the general 
population. Transurethral resection under general or neuraxial anesthesia is recom-
mended for superfi cial tumors, followed by cystoscopy 3 months later and adjuvant 
chemo- or immunotherapy, if necessary. If neuraxial anesthesia is performed, a 
T9–10 level is required for procedures involving the bladder and a T8 level is rec-
ommended for ureteral procedures [ 27 ]. Hypotension should be treated aggressively 
to ensure uteroplacental perfusion, and placement of a wedge to achieve LUD after 
18–20 weeks’ gestation is recommended. For intermediate- and high-risk bladder 
tumors that require additional surgical resection or chemotherapeutic treatment, 
gestational age and the potential for teratogenicity must be considered. Invasive 
tumors and bladder adenocarcinomas with poor prognoses may necessitate termina-
tion of the pregnancy if diagnosed in the fi rst trimester or, alternatively, cesarean 
delivery once the fetus is viable, followed by radical cystectomy, if the tumor is 
detected later in pregnancy [ 28 ]. 

 Pheochromocytomas, which occur in 1 per 50,000 pregnancies, pose particular 
diagnostic and therapeutic challenges [ 29 ]. The typical presenting symptoms, 
including heart palpitations, headaches, diaphoresis, episodic elevations in blood 
pressure, nausea, vomiting, or visual changes, may be misdiagnosed as preeclamp-
sia/eclampsia or attributed to exacerbations of the normal physiologic changes of 
pregnancy. Plasma catecholamine levels or 24 h urine testing for catecholamines 
and their metabolites should be evaluated in all pregnant patients who present with 
any combination of these signs and symptoms, particularly before 20 weeks’ gesta-
tion. MRI is the imaging test of choice for localization of the tumor and is 
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considered safe in pregnancy. Ultrasonography, also safe during pregnancy, is not 
sensitive in identifying extra-adrenal pheochromocytomas, which comprise roughly 
10% of these neuroendocrine tumors. CT is not recommended due to fetal exposure 
to ionizing radiation. 

 Ensuring medical stabilization before surgical excision is essential for proper 
pheochromocytoma management. As with the general population, alpha-adrenergic 
receptor antagonism with phenoxybenzamine prior to initiation of beta-adrenergic 
blockade is recommended. Prazosin may be substituted for phenoxybenzamine, 
although to date there have been no reports of adverse fetal effects of alpha blockade 
with the latter. Selective beta 1 -adrenergic antagonists are recommended for preg-
nant patients due to the association of growth retardation with propranolol, although 
nonselective beta-blockers have been used for medical treatment of pheochromocy-
toma throughout pregnancy with good results [ 30 ]. Labetalol, a mixed alpha- and 
beta-adrenergic antagonist, has also been used to manage vasoconstrictive crises 
and heart palpitations in parturients with pheochromocytomas. 

 The timing of surgical excision of pheochromocytoma in pregnant patients and 
the optimal mode of delivery (vaginal or cesarean delivery) remain controversial. 
Excision during the fi rst trimester carries a relatively higher risk of fetal loss, yet 
spares complications from the enlarging uterus impinging on the tumor and obscur-
ing resection. This is particularly important if the tumor is located posterior to the 
uterus at the level of the aortic bifurcation, where it is likely to elicit a massive dis-
charge of catecholamines with advancing gestation. In general, surgical removal 
before 24 weeks’ gestation is associated with good outcomes if medical manage-
ment is optimized preoperatively. Both laparoscopic and open resection have been 
performed successfully early in gestation. 

 For parturients presenting in late gestation, a vaginal delivery after medical opti-
mization is feasible provided that adequate analgesia is established early and that 
the duration of the second stage of labor is short. Early placement of an epidural 
catheter may serve to blunt the sympathetic response during labor and delivery, as 
well as facilitate extension of adequate anesthesia if cesarean delivery becomes nec-
essary. However, epidural analgesia may not diminish the pressor effects of direct 
tumor stimulation [ 31 ]. Instrumental delivery, with either a vacuum or forceps, may 
serve to minimize the hemodynamic changes associated with active pushing during 
the second stage of labor. Cesarean delivery with simultaneous resection of the 
tumor is an alternative, but requires careful coordination among surgeons, pediatri-
cians, anesthesiologists, and obstetricians, as well as invasive hemodynamic moni-
toring throughout [ 32 ].  

    Placenta Accreta 

 Placenta accreta, which may complicate as many as 1 in 533 pregnancies, is defi ned 
as abnormal placental adherence to the myometrium [ 33 ]. The vast majority of 
cases involve chorionic villi attachment to or invasion into the myometrium, referred 
to as accreta and increta, respectively. In roughly 6.6% of the cases, the placenta 
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invades through the myometrium, possibly into the bladder, intestines, ureters, and 
retroperitoneum, a condition known as percreta [ 34 ]. All three grades of abnormal 
placentation are associated with an increased risk of peripartum hemorrhage, blood 
transfusion, and hysterectomy. Direct damage to abdominal and retroperitoneal 
organs, amniotic fl uid embolism, disseminated intravascular coagulopathy, 
transfusion- related lung injury, and postoperative thromboembolism and infection 
are also associated complications. 

 Placenta percreta with bladder involvement is a critical urologic emergency with 
high maternal and fetal morbidity and mortality. The most common urologic 
sequelae of this rare form of accreta include bladder laceration, gross hematuria, 
urinary fi stula, ureteral transection, renal vein laceration, and small capacity bladder 
due to unavoidable partial cystectomy [ 35 ]. Ancillary urologic interventions such as 
cystotomy, bladder repair, hypogastric ligation, partial cystectomy, ileal cystoplasty, 
nephrostomy and double-J stent placement, and bilateral ureteral reimplantation are 
occasionally required. Overall, estimates of maternal death from complications of 
placenta accreta, increta, and percreta range from 6–7% [ 36 ]. 

 Antenatal diagnosis of placenta accreta is essential, when possible, to ensure 
proper planning, close communication among all members of the multidisciplinary 
team, and optimal care, which may involve referral to a tertiary center with appro-
priate surgical, interventional radiology, and blood bank resources. Practitioners 
should have a high index of suspicion for patients with known risk factors, such as 
placenta previa in the presence of a previous uterine scar. Specifi cally, while a his-
tory of prior uterine surgeries in the absence of placenta previa poses only a small 
risk for accreta, multiple hysterotomies in the setting of placenta previa place the 
patient at signifi cant risk (see Table  11.1 ) [ 37 ]. Other associated risk factors include 
advanced maternal age, multiparity, hypertension, smoking, prior uterine curettage, 
endometrial ablation, and uterine anomalies. However, an estimated one-fi fth of the 
cases of placenta accreta have no identifi able risk factors [ 38 ].

   Imaging tests can aid in the diagnosis of placenta accreta. Ultrasound has both a 
high specifi city and sensitivity for detecting abnormal placentation, although stud-
ies have yielded confl icting results. Sonographic fi ndings in the second and third 
trimesters suggestive of accretism include irregular vascular spaces within the pla-
centa, the loss of a hypoechoic retroplacental zone, and vascular invasion into the 
uterine wall, as detected with three-dimensional Doppler studies. MRI may help to 
confi rm or exclude the diagnosis, as well as provide additional information about 
posteriorly located placentas, the depth of invasion, and the extent of adjacent organ 
involvement [ 39 ]. Cystoscopy and sigmoidoscopy are not routinely recommended, 

   Table 11.1    Risk of placenta accreta with placenta 
previa  

 # Cesarean delivery  Probability (%) of accreta 
 1  3 
 2  >10 
 3  40 
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but may help occasionally in the evaluation of select patients. Of note, cystoscopy 
with or without bladder biopsy in patients with placenta percreta may result in 
uncontrollable hemorrhage. Unfortunately, maternal serum alpha-fetoprotein, 
maternal serum creatinine kinase, and other laboratory markers have not been eval-
uated suffi ciently to become a routine component of the workup of placenta accreta. 

 Patients with known or suspected placenta accreta should be scheduled for deliv-
ery at an institution with adequate facilities, such as interventional radiology (IR) 
suites, ample blood bank supplies, and available ancillary personnel, including uro-
logic, gynecologic-oncologic, general, and vascular surgeons. At some such cen-
ters, interventional radiologists routinely place prophylactic balloon devices in the 
common iliac arteries or selectively embolize collateral pelvic vessels in all patients 
with abnormally adherent placentas [ 40 ]. However, the evidence in support of pro-
phylactic endovascular procedures is lacking, and several complications, such as 
nerve injury, hematoma, ineffective balloon deployment, leg ischemia, and iliac 
artery rupture during balloon infl ation, have been reported [ 38 ]. Another manage-
ment option involves scheduled cesarean delivery in the IR or angiography suites at 
institutions with appropriate capabilities. Advantages of this strategy are readily 
available, high-quality imaging equipment, minimal risk of migration of intra- 
arterial catheters during patient transport, and the ability to perform cesarean deliv-
ery emergently if complications arise during the endovascular procedure [ 41 ]. Still 
other institutions perform embolization of persistent bleeding vessels after cesarean 
delivery in patients at high risk for hemorrhage, transporting stable patients to the 
IR suite postoperatively. 

 Early mobilization of blood bank resources and several other perioperative mea-
sures may help minimize the morbidity and mortality associated with placenta 
accreta. Although blood product requirements are diffi cult to predict, arrangements 
should be made in advance to ensure that platelets, fresh frozen plasma (FFP), 
packed red blood cells (PRBCs), and cryoprecipitate are immediately available. 
Because blood loss can be life-threatening, many institutions have implemented 
massive transfusion protocols on the labor and delivery unit to facilitate access to 
blood products. The so-called damage control resuscitation strategy, which emerged 
from relatively recent experience at military and civilian trauma centers, calls for a 
1:1:1 ratio of PRBCs, FFP, and platelets [ 42 ]. Early administration of cryoprecipi-
tate and the timely administration of recombinant Factor VIIa and/or anti- fi brinolytic 
agents for ongoing massive obstetric hemorrhage should be considered. Other 
related considerations include placement of an arterial line for both improved blood 
pressure monitoring and frequent blood draws, the establishment of additional 
large-bore venous access (central or peripheral), availability of high-fl ow infusion 
devices for rapid administration of intravenous fl uids and blood products, and 
avoiding maternal hypothermia. 

 Additional perioperative planning may include ureteric stent placement to facili-
tate palpation of the ureters and identify intraoperative ureteral injury. This proce-
dure has not been proven to reduce the incidence of ureteral complications, but is 
occasionally performed preoperatively when the accreta involves the lower uterine 
segment or intraoperatively if complications arise. When bladder involvement is 
suspected intraoperatively, cystoscopy can help delineate the extent of invasion and 
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identify treatment options. Dissection of the bladder from the uterus can precipitate 
life-threatening hemorrhage; partial cystectomy is recommended in the setting of 
extensive bladder invasion. Additional management options for placenta accreta 
include intrauterine balloon tamponade, complete or subtotal hysterectomy, intra-
operative bilateral hypogastric arterial ligation, and, rarely, leaving the placenta and 
uterus in situ, followed by methotrexate therapy to expedite absorption of placental 
tissue [ 43 ]. 

 Anesthetic management of parturients with placenta accreta should be individu-
alized. In general, neuraxial techniques are associated with a decreased incidence of 
failed intubation, intraoperative recall, aspiration of gastric contents, and maternal 
mortality compared to general anesthesia [ 44 ]. However, anticipated uncontrollable 
hemorrhage, coagulopathy, or maternal refusal may prohibit regional techniques. 
When maternal hemodynamic instability or lengthy surgical interventions are 
expected, a single-shot spinal anesthetic may not be appropriate. Further, practitio-
ners may prefer to secure a known or anticipated diffi cult airway at the beginning of 
a potentially complicated surgical procedure. That said, continuous catheter tech-
niques (e.g., epidurals, combined spinal-epidurals, and spinal catheters) are consid-
ered safe and appropriate for the management of patients with placenta accreta [ 45 ]. 
In particular, neuraxial catheters are suitable for cases involving perioperative endo-
vascular intervention and cesarean delivery, as the catheter can be dosed to provide 
adequate anesthesia for both procedures and the risk of life-threatening hemorrhage 
with in situ balloon occlusion devices or after selective arterial embolization is pre-
sumably decreased. Alternatively, regional anesthesia can be used for the IR proce-
dure and for delivery of the newborn, with planned conversion to general anesthesia 
for the remainder of the procedure. Of note, once the femoral sheaths are in place, 
the patient can no longer position herself for an epidural placement due to the risk 
of dislodgement; if a continuous catheter technique is planned for the cesarean 
delivery, it must be placed prior to the IR procedure. As in all cases performed under 
regional anesthesia, practitioners must be prepared to convert to general anesthesia 
when circumstances dictate.  

    Trauma During Delivery 

 Although uncommon, the bladder, ureters, and urethra are vulnerable to trauma dur-
ing vaginal deliveries, including those with forceps and vacuum assistance, and 
cesarean sections. Periurethral lacerations, urethral detachment, and damage to the 
urethral sphincter during labor and delivery are among the lower urinary tract inju-
ries that can contribute to postpartum stress incontinence. The bladder is also vul-
nerable to injury during vaginal delivery, particularly in the vicinity of the trigone. 
The incidence of bladder injury during cesarean delivery is estimated at 0.28%, but 
is higher in the setting of prior cesarean deliveries [ 46 ], cesarean hysterectomy, 
emergency cesarean deliveries, previous abdominal surgeries, and extensive abdom-
inal scarring [ 47 ]. The area most commonly at risk during operative deliveries is the 
dome, but injury may extend into the trigone. Diagnosis is usually immediate, but 
can be facilitated with the intravenous administration of indigo carmine or methylene 
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blue or via retrograde bladder fi lling with sterile milk or dye. Injury of the ureters, 
however, is more diffi cult to detect and may present in the postpartum period with 
unilateral hydronephrosis and fl ank pain. The diagnosis can be confi rmed postpar-
tum with an IVP. In cases where there is a high index of suspicion for ureteral injury 
intraoperatively, cystoscopy is performed to ensure the integrity of the urinary tract. 
Repair of this rare complication, which occurs at an estimated rate of between 0.02–
0.1%, may require ureteric reimplantation or stenting [ 48 ].   

    Maternal Safety 

 In general, optimizing care of pregnant patients receiving either general or regional 
anesthesia ensures optimal care of the fetus, regardless of gestational age, type or 
location of surgery, and underlying maternal coexisting disease. Yet pregnancy pro-
duces profound physiologic and anatomic changes due to hormonal alterations, 
physical adaptations to accommodate the developing fetus, and increasing meta-
bolic demands. Potential far-reaching anesthetic implications of these changes 
require familiarity with the physiology of normal pregnancy. 

    Respiratory Changes 

 Alterations in respiratory function during pregnancy can be attributed to anatomic 
and hormonal changes, as well as to changing metabolic demands. With upward 
uterine displacement of the diaphragm, beginning in mid-gestation, expiratory 
reserve volume (ERV) and residual volume (RV) fall by 25% and 15%, respectively. 
As a result, functional residual capacity (FRC) drops markedly after 5 months’ ges-
tation, reaching 80% of prepregnancy values by term. Supine positioning, obesity, 
and the induction of general anesthesia exacerbate this decrease. Tidal volume (TV) 
increases by 45% early in pregnancy, yet vital capacity (VC) remains unchanged 
due to the increase in inspiratory reserve volume (IRV). Total lung capacity shows 
little to no change (see Table  11.2 ).

   There are several clinical implications of the changes in respiratory mechanics 
during pregnancy. Minute ventilation increases primarily as a result of increased TV 
and in part due to the increased respiratory rate. The arterial pressure of carbon 
dioxide (PaCO 2 ) decreases, reaching 30 mmHg early in pregnancy. Partially com-
pensating for this respiratory alkalosis, the kidneys excrete bicarbonate, which 
decreases to 20 mEq/L throughout pregnancy. Overall, the pH remains at roughly 
7.44, slightly more alkalotic than the normal state. The arterial pressure of oxygen 
increases only slightly during pregnancy, ranging from 107 mmHg in the fi rst tri-
mester to 103 mmHg in the third trimester (see Table  11.3 ). The combination of a 
decreased FRC and an increased oxygen consumption results in rapid oxygen desat-
uration during periods of apnea, as during anesthetic induction. Finally, the increased 
minute ventilation and decreased FRC result in a faster uptake of volatile anesthetics 
during pregnancy. This, along with the increased levels of plasma endorphins and 
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progesterone, contributes to a faster rate of anesthetic induction, as well as to a 
reduction in minimal alveolar concentration to up to 40% nonpregnant levels.

   The airway also changes during pregnancy and over the course of labor. Swelling 
of the oropharyngeal tissue, a decrease in the size of the glottic aperture, and muco-
sal friability are present from mid-gestation until several days postpartum, but are 
most pronounced near the end of pregnancy. A deterioration in airway classifi ca-
tion, as manifested by an increased incidence of Mallampati classes 3 and 4 and a 
signifi cant decrease in oropharyngeal area and volume, continues throughout labor 
and appears to be unrelated to both the duration of labor and the amount of fl uid 
administered [ 49 ]. The presence of comorbidities, such as obesity or preeclampsia, 
can magnify these changes. Access to video laryngoscopes and other airway 

   Table 11.2    Respiratory physiology in term patients versus nonpregnant 
patients  

  Lung volumes    Percentage change  
 IRV  ↑5 
 TV  ↑45 
 ERV  ↓25 
 RV  ↓15 
  Lung capacities    Percentage change  
 IC  ↑15 
 FRC  ↓20 
 VC  0 
 TLC  ↓5 
  Ventilation    Percentage change  
 MV  ↑45 
 AV  ↑45 
 RR  0 
  Respiratory mechanics    Percentage change  
 FEV 1   0 
 FEV 1 /FVC  0 
 Flow volume loop  0 

   IRV  inspiratory reserve volume,  TV  tidal volume,  ERV  expiratory reserve 
volume,  RV  residual volume,  IC  inspiratory capacity,  FRC  functional 
residual capacity,  VC  vital capacity,  TLC  total lung capacity,  MV  minute 
ventilation,  AV  alveolar ventilation,  RR  respiratory rate,  FEV   1   forced 
expiratory volume in one second,  FEV   1   /FVC  ratio of forced expiratory 
volume in one second to forced vital capacity  

   Table 11.3    Blood gases during pregnancy   

 Nonpregnant 

 Trimester 

 First  Second  Third 
 pH  7.40  7.41–7.44  7.41–7.44  7.41–7.44 
 Po 2  mmHg  100  107  105  103 
 Pco 2  mmHg  40  30–32  30–32  30–32 
 [HCO 3  − ] mEq/L  24  21  20  20 
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adjuvants, optimization of maternal positioning, familiarity with the emergency 
 airway algorithm for obstetric patients, and increased use of regional anesthesia, 
when appropriate, in patients with known or suspected diffi cult airways may help 
minimize the complications associated with diffi cult ventilation and intubation.  

    Cardiovascular System 

 Pregnancy is associated with several cardiovascular adaptations. Myocardial con-
tractility remains unchanged, but systemic vascular resistance (SVR) decreases due 
to the low-resistance placenta and the potent vasodilating effects of progesterone 
and prostacyclin. This reduction in SVR contributes to an initial increase in cardiac 
output (CO) beginning as early as 5 weeks’ gestation. CO continues to increase 
gradually throughout pregnancy, peaking at 28–32 weeks’ gestation and, again, dur-
ing the second stage of labor. The highest CO, however, is in the immediate postpar-
tum period. Both an increased stroke volume (SV) and heart rate (HR) contribute to 
the increased CO, but the former contributes to a greater degree (see Table  11.4 ).

   Maternal positioning infl uences the pregnancy-induced increase in CO. Sharp 
reductions in CO are seen in some women in the supine position as early as 18–20 
weeks’ gestation, when the enlarging uterus begins to compress the inferior vena 
cava and, less often, the aorta. At term, aortocaval compression in the supine posi-
tion (a.k.a. supine hypotensive syndrome) can reduce the CO by 30%. General and 
neuraxial anesthesia impair sympathetic tone and compromise the normal physio-
logic response to aortocaval compression, exacerbating maternal hypotension and 
further reducing cardiac preload and output. LUD with either a wedge placed under 
the patient’s right side or a 15–20° tilt of the operating table should be maintained 
during all procedures involving parturients after mid-gestation. Assuming the lat-
eral recumbent position or a knee chest position can also help to maintain CO dur-
ing procedures, such as spinal or epidural placement. 

 Cardiovascular changes of pregnancy can be attributed in part to several hemato-
logic changes. Plasma volume expands gradually throughout pregnancy, starting as 
early as 6 weeks’ gestation and peaking at 30–34 weeks. The red blood cell mass 
increases also, beginning at 8–10 weeks’ gestation, but a disproportionate increase 
in plasma volume contributes to a relative anemia of pregnancy. Despite this 
increased erythropoiesis, hemoglobin, hematocrit, and blood viscosity decrease 
during pregnancy (see Table  11.5 ).

   Table 11.4    Hemodynamic changes during pregnancy 
compared to nonpregnant women  

 Parameter change  Percentage 
 CO  ↑50 
 SV  ↑25 
 HR  ↑15 
 SVR  ↑20 

   CO  cardiac output,  SV  stroke volume,  HR  heart rate, 
 SVR  systemic vascular resistance  
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       Urinary System 

 Kidney, ureteral, and bladder changes accompany different stages of pregnancy. 
The kidneys elongate by 1–1.5 cm, while kidney volume increases up to 30%. The 
renal pelvises, calyces, and ureters begin to dilate as early as 7 weeks’ gestation due 
to both the vasodilating effects of progesterone and the mechanical compression of 
the ureters at the pelvic brim. Of note, a protective effect of the sigmoid colon and 
dextrorotation of the uterus contribute to more marked ureteral dilatation on the 
right [ 50 ]. Hormonal changes also affect the bladder and urethral mucosa, which 
becomes more hyperemic and congested. The bladder itself develops an increased 
capacity and becomes displaced upwards and anteriorly by the gravid uterus; by the 
third trimester, it protrudes markedly into the abdomen and undergoes additional 
anatomic distortions. 

 Glomerular fi ltration rate (GFR) increases up to 50% by the beginning of the 
second trimester. This physiologic increase in GFR, which tapers towards term, 
leads to a decrease in serum creatinine and blood urea nitrogen values and an 
increase in protein, amino acid, water-soluble vitamin, and glucose excretion. 
Additional changes in kidney function during pregnancy include a decrease in the 
renal bicarbonate threshold and a related decrease in serum bicarbonate as well as 
osmoregulation alterations, manifested by decreased serum osmolality.  

    Gastrointestinal System 

 Multiple changes in the gastrointestinal system may predispose pregnant women to 
aspiration, although it remains unclear when this risk becomes signifi cant. Lower 
esophageal sphincter (LES) tone is impaired early in pregnancy as a direct result of 
progesterone, predisposing gravid women to gastroesophageal refl ux disease 
(GERD). Gastric and pyloric anatomic changes related to the enlarging uterus occur 
later, increasing the risk of both GERD and, possibly, aspiration pneumonitis after 
roughly 18–20 weeks’ gestation. 

 Recent studies have cast doubt on the traditional dogma that pregnant women 
have decreased gastric motility, increased gastric acidity, and increased gastric vol-
ume, prompting a more liberal approach to full stomach precautions in pregnancy  
[ 51 ]. Although GERD is common in pregnant patients, gastric emptying does not 

   Table 11.5    Changes in blood volume and its consequences during 
pregnancy  

 Parameter  Percentage change or actual value 
 Blood volume  ↑45 
 Plasma volume  ↑55 
 RBC volume  ↑30 
 Hemoglobin  11 
 Hematocrit  35 

   RBC  red blood cell  
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appear to be delayed during pregnancy until the onset of labor and/or the adminis-
tration of systemic or neuraxial opioids [ 52 ], nor does there appear to be a differ-
ence in the acidity of gastric contents in pregnant and nonpregnant patients [ 53 ]. 
Consequently, in the absence of GERD, motility disorders, or other common risk 
factors for aspiration, it may be appropriate to reserve full stomach precautions for 
patients after 20 weeks’ gestation.   

    Fetal Safety 

 In pregnant women undergoing nonobstetric surgical procedures, health-care 
 providers must take into consideration both maternal and fetal well-being. In gen-
eral, optimizing maternal care optimizes fetal well-being. Yet despite careful atten-
tion to maternal well-being, women exposed to surgery and anesthesia during 
pregnancy have a higher incidence of fetal loss, preterm labor, growth restriction, 
and low birth weight infants, all of which are most likely attributable to the underly-
ing maternal condition requiring surgery [ 54 ]. This section explores issues that 
affect fetal outcomes during nonobstetric surgery, with emphasis on mechanisms to 
minimize the risk of preterm labor and optimize uteroplacental perfusion. Although 
there does not appear to be an increased risk of congenital anomalies in women who 
have nonobstetric surgery during pregnancy, this section opens with a review of 
common concerns about teratogenicity of anesthetic agents. 

    Teratogenicity 

 Teratogenesis manifests as structural or functional abnormalities, such as growth 
restriction, malformations, and fetal death, arising from dysgenesis of fetal organs. 
A limited number of agents are known teratogens in human beings (see Tables  11.6  
and  11.7 ). To date, no commonly used anesthetic agent or adjuvant has been proven 
to be teratogenic in clinically relevant doses. However, studies of human teratoge-
nicity are limited by ethical concerns, and newly marketed drugs are rarely, if ever, 
tested in pregnant patients [ 55 ]. As a result, most information currently available 

   Table 11.6    Known teratogenic agents in human beings  

 Captopril  Methimazole 
 Carbamazepine  Phenobarbital 
 Cocaine  1,3-cis-Retinoic acid 
 Enalapril  Tetracyclines 
 Fluconazole, high doses  Thalidomide 
 Glucocorticoids  Valproic acid 
 Lithium 

  Adapted from Shepard, TA. Catalog of Teratogenic 
Agents. 13th ed. Baltimore, MD: The Johns Hopkins 
University Press, 2010  
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is gleaned from animal research and epidemiologic studies, and the majority of 
anesthetic drugs remain classifi ed as Category C (see Table  11.8 ).

     For a functional or structural abnormality to develop as a result of exposure to a 
teratogenic agent, the embryo or fetus must be genetically susceptible to the adverse 
effects and be exposed to a suffi ciently large dose during a particular gestational 

   Table 11.7    Possible and unlikely teratogens in humans  

 Possible teratogens  Unlikely teratogens 
 Azathioprine 
 Colchicine 
 Disulfi ram  Anesthetics 
 Ergotamine  Aspirin 
 Paroxetine  Illicit drugs (marijuana, LSD) 
 Pseudoepinephrine  Metronidazole 
 Streptomycin  Oral contraceptives 
 Zidovudine (AZT) 

  Adapted from Shepard, TA. Catalog of Teratogenic Agents. 13th 
ed. Baltimore, MD: The Johns Hopkins University Press, 2010  

   Table 11.8    Pregnancy categories of common anesthetic drugs and their adjuvants   

 Atropine sulfate: Category C  Morphine: Category C 
 Dexamethasone (Decadron): Category C  Nalbuphine (Nubain): Category B 
 Diphenhydramine (Benadryl): Category B  Naloxone (Narcan): Category C 
 Dilaudid: Category C  Neostigmine bromide: Category C 
 Ephedrine: Category C  Ondansetron (Zofran): Category B 
 Esmolol (Brevibloc): Category C  Pepcid (Famotidine): Category B 
 Fentanyl: Category C  Phenylephrine: Category C 
 Glycopyrrolate (Robinul): Category B  Rocuronium (Zemuron): Category C 
 Labetalol: Category C  Succinylcholine (Anectine): Category C 
 Metoclopramide: Category B  Toradol (Ketorolac): Category C 
 Methadone: Category C  Zantac (Ranitidine): Category B 
 Midazolam: Category D 
 Category A:  Controlled studies show no risk . Controlled studies show no risk (examples 
include levothyroxine, prenatal vitamins, potassium supplementation) 
 Category B:  No evidence of risk in humans.  Animal studies have revealed no evidence of 
impaired fertility or harm to fetus OR Animal studies have shown an adverse effect, but 
adequate and well-controlled studies in pregnant women have failed to demonstrate a risk to the 
fetus (examples include penicillins, macrolides, and most cephalosporins) 
 Category C:  Risk cannot be ruled out.  Animal studies have shown a risk, but there are no 
adequate, well-controlled studies in pregnant women OR No animal studies have been 
conducted and there are no adequate, well-controlled studies in humans (examples include 
albuterol, B-blockers, calcium-channel blockers, zidovudine) 
 Category D:  Positive evidence of risk.  Studies have demonstrated that this medication can cause 
fetal harm when administered to a pregnant woman. However, potential benefi ts of therapy may 
outweigh the potential risk (examples include lithium, valproic acid, carbamazepine, phenytoin, 
azathioprine, and systemic corticosteroids) 
 Class X:  Contraindicated in pregnancy.  Studies in animals or pregnant women have 
demonstrated positive evidence of fetal abnormalities or risks 
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period. Historically, diazepam and nitrous oxide have raised the greatest concerns 
among the commonly used anesthetic agents about risks of teratogenicity. Diazepam 
use during pregnancy has been associated with cleft lip in the newborn, generating a 
great deal of research over the past several decades. The evidence to date does not 
support this association [ 56 ]. Rather, judicious use of preoperative anxiolysis may 
serve to reduce circulating catecholamines, which compromise uteroplacental perfu-
sion [ 57 ]. Nitrous oxide is known to inactivate methionine synthase, thereby inhibit-
ing thymidine and DNA synthesis, and has been shown to be weakly teratogenic to 
rodents after prolonged administration [ 58 ]. However, the coadministration of vola-
tile agents with nitrous oxide counters the teratogenic effects of nitrous on rodents 
without interfering in the vitamin B 12 -dependent enzymes, casting doubt on the 
mechanism of the teratogenicity of nitrous oxide [ 59 ]. Further, the inactivation of 
methionine synthase in rodents is far more rapid than in humans, and it is unlikely 
that fi ndings from rodent studies can be extrapolated to humans [ 60 ]. Concerns about 
an increased incidence of spontaneous abortions among operating room personnel 
with chronic trace exposure to nitrous oxide also appear to be unfounded [ 61 ]. 

 Other commonly used anesthetic agents and their adjuvants are considered safe 
for the developing fetus, particularly with single, short-term exposure. Despite the 
wide-ranging cellular effects of volatile anesthetics, teratogenic effects have not 
been defi nitively linked to their use at clinically relevant doses. Nor have induction 
agents, including propofol, etomidate, ketamine, and thiopental, been associated 
with congenital malformations. Although well-controlled studies in pregnant 
women have not been undertaken, these induction agents have been used exten-
sively and have a long-standing safety record. 

 There is also a dearth of literature about the safety of analgesic use during preg-
nancy, but clinical experience with pregnant women suffering from acute and 
chronic pain and narcotic addiction suggests that opioids are safe. Studies have 
demonstrated that the rate of congenital anomalies in neonates exposed to heroin 
throughout pregnancy is similar to that of controls; perinatal complications, such as 
fetal growth restriction, are more likely attributable to poor maternal health than to 
intrauterine heroin exposure [ 62 ]. Similarly, studies have found no increased risk 
for congenital anomalies in neonates born to women on methadone maintenance 
therapy during pregnancy compared with controls, although withdrawal symptoms 
are frequent and birth weights are lower than those of non-exposed neonates [ 63 ]. 
With regard to other analgesics, acetaminophen has a long-standing record of safety 
during pregnancy, while NSAIDs are contraindicated in late pregnancy due to con-
cerns for premature closure of the ductus arteriosus [ 64 ]. 

 The use of neuromuscular blocking drugs (NMBDs), local anesthetics (LAs), and 
antiemetics appears to be safe during pregnancy. NMBDs are positively charged and 
water-soluble and have high molecular weights, properties that prevent their passage 
across the placenta in clinically signifi cant amounts. They have not been linked with 
congenital defects after maternal administration. Of note, however, reversal of neu-
romuscular blockade with neostigmine and glycopyrrolate has been associated with 
fetal bradycardia due to reduced placental transfer of the latter. Transfer of neuraxi-
ally administered LAs into the fetal circulation is also negligent. At clinically 
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relevant doses, the use of LAs during pregnancy appears to be safe in both animals 
and humans. Finally, despite concerns about the safety of antiemetic use during 
pregnancy, a recent retrospective cohort study of over 3,458 parturients exposed to 
metoclopramide during the fi rst trimester demonstrated no increased risks of adverse 
fetal outcomes, including congenital malformations, perinatal death, low birth 
weight, and low Apgar scores, when compared with the control group [ 65 ]. 

 Over the past decade, a great deal of animal research has been dedicated to deter-
mining the effects of exposure to anesthetics on the developing brain. Although it 
remains unclear how these animal studies apply to fetuses exposed to general anes-
thesia in utero, it has been demonstrated that agents that interact with N-methyl-D- 
aspartate (NMDA) and gamma-aminobutyric acid (GABA) receptors can trigger 
apoptosis, or programmed cell death. This accelerated apoptosis appears to translate 
into behavioral abnormalities and developmental delays in animal studies [ 66 ]. 
While a great deal remains to be elucidated in future research, a single exposure to 
anesthetic agents and their adjuvants in clinically relevant doses at specifi c develop-
mental stages is unlikely to cause either anatomic or behavioral alterations. As a 
result, it is reasonable to select the anesthetic regimen based on surgical require-
ments and maternal coexisting disease.  

    Preterm Labor 

 Epidemiologic studies have consistently found a higher incidence of preterm labor, 
fetal loss, and low birth weight infants among pregnant patients who have under-
gone nonobstetric surgery [ 54 ]. However, it remains unclear whether the surgery, 
the underlying maternal medical condition, the anesthetic drug exposure, or a com-
bination of these factors places the patient at risk for these untoward outcomes. 

 While it is likely that the timing, type, and location of surgery, as well as the 
underlying maternal pathology, affect preterm labor and delivery outcomes far more 
than any anesthetic exposure, it is prudent for anesthesiologists to minimize the use 
of anesthetic drugs associated, however remotely, with adverse maternal and fetal 
effects. To that end, high-dose ketamine, which increases uterine tone, is best 
avoided in the fi rst trimester. An acute increase in acetylcholine without concurrent 
muscarinic anticholinergic blockade should also be avoided. Lastly, satisfactory 
maternal analgesia in the perioperative period is recommended, as associations 
between pain and anxiety and uterine irritability have been proposed. 

 Multidisciplinary planning, perhaps, provides the greatest means of minimizing 
the risk of preterm labor. With the collaboration of all health-care members, con-
cerns, such as whether surgery can be delayed until the postpartum period, whether 
a condition that presents in the fi rst trimester can be medically managed until the 
second trimester, when the risk of preterm labor is lowest, and how intraoperative 
and postoperative surveillance of uterine contractions may affect management, can 
be addressed to provide optimal outcomes. Whether a laparoscopic approach may 
minimize uterine irritability, which anesthetic technique (regional or general) is 
appropriate, and postoperative pain management options should also be discussed. 
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Theoretically, both laparoscopic surgery, which is associated with less manipulation 
of the uterus, and the use of volatile agents, which decrease uterine tone, should 
decrease the risk of preterm labor. However, these theoretical benefi ts have not been 
observed, and there is no evidence that the type of anesthetic administered infl u-
ences the risk of preterm labor. Nor is the use of prophylactic tocolytic agents rec-
ommended [ 67 ]. Rather, with the aid of intraoperative and postoperative monitoring, 
tocolysis can be initiated once uterine contractions are detected. 

 Additional considerations may help to optimize fetal status postoperatively. 
Adequate maternal oxygenation and ventilation, maintenance of LUD, appropriate 
intravenous hydration, and thromboembolic prophylaxis should be maintained in 
the postoperative period. Adequate maternal analgesia should be established early 
and maintained throughout the perioperative period. PCA, patient-controlled epi-
dural anesthesia (PCEA), peripheral nerve blocks, and intrathecally administered 
opioids are appropriate for the pregnant surgical patient, as well as for the general 
surgical population. Overall, avoidance of drugs that are known to cause uterine 
irritability, adequate perioperative pain management, and careful multidisciplinary 
planning may contribute to minimizing the risk of preterm labor, although it is likely 
that the underlying maternal condition requiring surgery and the site of surgery 
contribute most to this adverse outcome. Because pregnant women are more likely 
than nonpregnant women to undergo emergency procedures due to delayed diagno-
sis resulting from the multiple confounding anatomic and physiologic changes of 
pregnancy, early diagnosis may also improve both maternal and fetal outcomes.  

    Maintenance of Uteroplacental Perfusion 

 Regardless of the anesthetic technique selected for pregnant patients presenting 
with urologic or other nonobstetric emergencies, optimizing uteroplacental perfu-
sion with aggressive treatment of maternal hypotension remains the cornerstone of 
management of the maternal-fetal unit due to the passive dependence of uteropla-
cental circulation [ 68 ]. For decades, the mixed-adrenergic agonist ephedrine was 
considered superior to other pressor agents used to maintain maternal blood pres-
sure based on sheep studies that found that pure alpha-adrenergic agonists cause 
uterine vasoconstriction and a reduction in fetal oxygenation [ 69 ]. When compared 
with pure alpha agonists, ephedrine use was thought to lead to improved maternal 
blood pressure, uterine artery blood fl ow, and fetal pH. 

 Over the past decade, however, doubt has been cast on ephedrine’s effectiveness 
in treating hypotension and its role in improving neonatal outcomes. Recent studies 
have found that phenylephrine use for the treatment of spinal anesthesia-induced 
hypotension in healthy parturients results in higher umbilical cord pH values than 
ephedrine, although no clinical difference in neonatal outcomes has been detected 
[ 70 ]. Follow-up studies have determined that fetal pH decreases, the incidence of 
hypotension and nausea/vomiting increases, and hemodynamic control is reduced 
as the proportion of ephedrine increases vis-à-vis phenylephrine when using combi-
nation ephedrine and phenylephrine infusions to treat maternal hypotension [ 71 ]. 
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 In surgeries remote from term, when fetal pH is not an immediate concern, the 
use of available pressor agents, maintaining LUD, and liberal intravenous fl uid 
administration are recommended, when appropriate, to ensure that maternal blood 
pressure is maintained within 20% of baseline values [ 72 ]. Avoiding excessively 
deep levels of general anesthesia, avoiding the sympathectomy associated with high 
levels of spinal or epidural blockade, and replacing blood loss with crystalloids, 
colloids, and blood products, as dictated by the clinical circumstances, are also 
appropriate measures to maintain uteroplacental perfusion and avoid fetal asphyxia. 
Minimizing circulating catecholamines, which may impair uterine blood fl ow, by 
treating preoperative anxiety and light anesthesia, as well as avoiding drugs that 
cause uterine hypertonus, such as high-dose ketamine, are also recommended (see 
Table  11.9 ).

        Special Considerations 

 Additional concerns that arise when caring for pregnant patients undergoing nonob-
stetric surgery include whether a laparoscopic approach is appropriate, which diag-
nostic imaging tests confer the least risk to the fetus, and when FHR monitoring is 
indicated. This section explores benefi ts of laparoscopic surgery in this patient 
population and reviews recommendations to minimize both maternal and fetal risks 
during peritoneal insuffl ation. It also summarizes current recommendations regard-
ing ionizing radiation exposure and FHR monitoring at different gestational ages. 

    Laparoscopic Surgery 

 Laparoscopic surgery during pregnancy has become increasingly common over the 
past two decades [ 73 ]. The benefi ts, such as reduced postoperative morbidity, 
reduced analgesic requirements, faster return of bowel function, faster resumption 
of normal activity, and shorter hospital stay, are similar in pregnant and nonpregnant 
patients. Pregnant patients, in particular, may benefi t from the reduced risk of 

   Table 11.9    Interventions to maintain fetal well-being  

 ♣ Avoid prolonged periods of maternal hypoxia 
 ♣ Maintain maternal normocapnia 
 ♣ Maintain normal maternal systemic arterial pressure 
 ♣ Maintain left uterine displacement after 18–20 weeks’ gestation 
 ♣ Minimize pneumoperitoneal pressure during laparoscopic surgeries 
 ♣ Avoid preoperative maternal anxiety 
 ♣ Avoid drugs that cause uterine hypertonus (i.e., high-dose ketamine in early pregnancy) 
 ♣ Avoid light anesthesia 
 ♣ Replace surgical blood loss with intravenous fl uids or, when appropriate, blood products 
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thromboembolic complications and the decreased manipulation of the uterus with 
laparoscopic, as compared to open, surgery. The risks, once thought to be prohibi-
tive, include injury to the gravid uterus during trocar insertion, technical diffi culties 
associated with the enlarged uterus, decreased uteroplacental perfusion due to high 
intra-abdominal pressure, respiratory compromise from the addition of pneumo-
peritoneum to a gravid abdomen, and the potential for fetal acidosis from carbon 
dioxide absorption. Although animal studies have supported some of these concerns 
[ 74 ], clinical experience with laparoscopic surgeries in pregnant women has been 
largely favorable. A Swedish study comparing fetal outcomes in 2,491 open lapa-
rotomy cases and 2,233 laparoscopic cases in singleton pregnancies between 4 and 
20 weeks’ gestation found no difference in birth weight, gestational duration, infant 
deaths, fetal malformations, and growth restriction [ 75 ]. Still, laparoscopic surgery 
during pregnancy is not without risks. 

 Anesthesiologists are confronted with several challenges when faced with pro-
viding care for pregnant patients undergoing laparoscopic surgery. The profound 
cardiac and respiratory changes associated with peritoneal insuffl ation are accentu-
ated in pregnant patients, as are the hemodynamic effects of the Trendelenburg and 
reverse Trendelenburg positions. Risks can be minimized by limiting pneumoperi-
toneal pressure to below 12–15 mmHg, adjusting patient positioning slowly, main-
taining adequate intravascular volume status, and maintaining LUD (see 
Table  11.10 ). Judicious use of positive pressure ventilation to minimize intratho-
racic pressure and caution during infl ation and defl ation of the pneumoperitoneum 
are also advocated. Optimally, end-tidal carbon dioxide should be maintained 
between 32 and 34 mmHg, and maternal blood pressure should not decrease beyond 
20% of baseline [ 72 ]. Despite early concerns that capnography might not adequately 
refl ect the true acid–base status during peritoneal insuffl ation based on pregnant 
sheep model studies [ 76 ], arterial blood gas monitoring is not required for all partu-
rients undergoing laparoscopic surgery [ 77 ]. Standard American Society of 
Anesthesiologists (ASA) monitors, including capnography, are considered suffi -
cient for monitoring both maternal and fetal well-being.

   Table 11.10    Recommendations for laparoscopic surgery during pregnancy  

 ♣ Obtain an obstetrics consult preoperatively 
 ♣ Delay elective cases until the second trimester 
 ♣ Use lower extremity pneumatic compression devices 
 ♣ Follow maternal and fetal physiologic status intraoperatively 
 ♣ Monitor maternal end-tidal CO 2  
 ♣ Use an open technique to enter the abdomen 
 ♣ Maintain LUD 
 ♣ Minimize pneumoperitoneum to below 12–15 mmHg 
 ♣ Limit the extent of Trendelenburg and reverse Trendelenburg positions 
 ♣ Initiate changes in position slowly 
 ♣ Monitor fetal heart rate and uterine tone in the perioperative period, when possible 
 ♣ Maintain adequate intravascular volume status 
 ♣ Minimize intrathoracic pressure during positive pressure ventilation 
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   Selecting the optimal anesthetic technique for pregnant patients undergoing 
 laparoscopic surgery also presents a challenge. Laparoscopic procedures are being 
performed increasingly under neuraxial anesthesia in both the pregnant and general 
surgical populations. Decreased intraoperative and postoperative pain, signifi cantly 
lower cost, increased patient satisfaction, and faster time to discharge are among the 
reported benefi ts of spinal over general anesthesia for laparoscopic procedures [ 78 ]. 
Maintenance of low pneumoperitoneal pressures and preparedness to convert to 
general anesthesia, when appropriate, as well as cooperative patients and willing 
surgeons are requisites for performing laparoscopic surgery under neuraxial block-
ade in pregnant patients and their nonpregnant counterparts. As a practical measure, 
communicating with all operating room personnel entering and exiting the surgical 
suite that the patient is awake, or awake with sedation, for the laparoscopic proce-
dure is prudent.  

    Diagnostic Testing 

 During pregnancy, the risks of diagnostic testing must be weighed against the ben-
efi ts of accurate diagnosis or exclusion of disease. The fetal risks associated with 
excessive radiation exposure include lethality, teratogenicity, cognitive dysfunction, 
intrauterine growth restriction (IUGR), oncogenicity, genetic damage, and sterility. 
However, these assessments of possible radiation effects are garnered from animal 
studies, experimental massive radiation exposures, or from catastrophic environ-
mental disasters. In clinical practice, there exists a threshold below which these 
possible radiation effects do not occur; a single exposure to the vast majority of 
contemporary diagnostic imaging tests and procedures falls below that threshold. 
While certain testing modalities can and should, when appropriate, be avoided, 
available evidence and broad clinical experience suggest that withholding diagnos-
tic testing causes more harm to pregnant patients and their fetuses than performing 
appropriate imaging tests [ 79 ]. 

 The potential adverse fetal effects of ionizing radiation from X-ray, fl uoroscopy, 
angiography, mammography, CT, single-photon emission computed tomography 
(SPECT), positron emission tomography (PET), and most nuclear medicine proce-
dures depend on the maternal radiation dose to a particular site as well as maternal 
thickness, the timing of exposure, and the type of exposure. Conventional X-rays 
beyond the pelvis and abdomen confer only nominal risk of fetal exposure, mostly 
from scatter or leakage. Digital radiographic techniques appear to reduce that expo-
sure even further. The absorbed fetal dose from CT scanning also varies with loca-
tion. As in the case with conventional X-rays, the approximate fetal dose from 
pelvic and abdominal CT studies is signifi cantly higher than that from chest and 
head studies. However, CT scans are rarely required to evaluate urologic problems 
during pregnancy. Both X-ray and CT procedures that require contrast agents with 
inorganic iodine should be avoided unless absolutely necessary. Fluoroscopic 
exams, including barium enema and endoscopic retrograde cholangiopancreatogra-
phy (ERCP), expose the developing fetus to signifi cantly more ionizing radiation, 
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with the fetal dose from the latter being far greater. Because fl uoroscopy can result 
in considerable radiation exposure to the fetus, it is recommended that its use be 
limited during ureteroscopy and ureteral stent placement in pregnant patients. 

 Other imaging modalities, including many of those considered fi rst line for the 
evaluation of urologic emergencies, do not involve ionizing radiation. Ultrasound 
and MRI are considered safe during pregnancy, although there remains some con-
cern about the heating effects of radiofrequency pulses and the acoustic effects on 
the fetus during MRI studies. For MRI procedures requiring imaging of vascular 
tissue, gadolinium is a common tracer. Despite reports of the safe use of gadolinium 
contrast during pregnancy, the tracer is teratogenic in high doses in animal studies 
and should be avoided during the fi rst trimester of pregnancy, when possible. 
Gadolinium contrast is excreted in negligible amounts in breast milk and is safe to 
administer in lactating women.  

    Fetal Monitoring 

 The decision to monitor FHR during surgery is multifactorial and requires collabo-
ration among all members of the health-care team, including nursing staff, surgeons, 
anesthesiologists, and obstetricians. Fetal viability, type and location of the proce-
dure, availability of personnel who can interpret FHR tracings, and the practicalities 
of emergent cesarean delivery in the event of a nonreassuring fetal status must be 
taken into account. While continuous monitoring is possible as early as 18–20 
weeks’ gestation, preoperative and postoperative monitoring is generally recom-
mended for previable fetuses. Intraoperative transvaginal Doppler ultrasonography 
is an alternative for select cases in early gestation [ 1 ]. For viable fetuses, continuous 
monitoring may be an option, but technical problems occasionally limit its useful-
ness or feasibility, as in the case of abdominal or laparoscopic surgeries, obese 
patients, and urgent or emergent surgeries [ 80 ]. Minor surgical procedures, such as 
carpal tunnel release, or surgeries performed under peripheral nerve block may not 
warrant continuous monitoring. In these cases, preoperative and postoperative mon-
itoring of both fetal and uterine activity may serve as an alternative. According to 
the American College of Obstetricians and Gynecologists (ACOG), intraoperative 
electronic monitoring may be appropriate for viable fetuses when technically pos-
sible under the following conditions: a health-care provider with obstetric privileges 
is available and willing to intervene for fetal indications, the patient has consented 
to emergency cesarean delivery, and the surgery can be safely interrupted to perform 
emergency delivery [ 81 ]. 

 If surgery proceeds with continuous intraoperative fetal monitoring, a health- 
care provider with knowledge of the anticipated FHR changes associated with gen-
eral anesthesia should interpret the tracing. During anesthesia, both the FHR 
baseline and variability, which is reliably present by 25–27 weeks’ gestation, 
decrease. Any change beyond physiologic parameters warrants differentiating true 
fetal compromise from fetal anesthesia, the direct effects of drugs that readily cross 
the placenta, and/or reversible maternal hemodynamic conditions. In some cases, a 
change in the FHR baseline can alert the anesthesiologist to impending fetal 
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compromise and prompt optimization of the maternal status. However, prolonged 
fetal bradycardia is not a normal physiologic response to anesthetic agents or to 
transient maternal hemodynamic changes and should be interpreted as a sign of 
fetal compromise. Overall, all changes in the FHR require reassessment of maternal 
blood pressure, ventilation and oxygenation status, positioning (for maintenance of 
LUD), temperature, and blood loss. An appraisal of surgical sites of inadvertent 
compression of uterine blood fl ow is also warranted before drastic measures, such 
as cesarean delivery, are taken.   

    Conclusions 

 Urologic emergencies and other medical conditions requiring surgery are not 
uncommon during pregnancy. Appendicitis, cholecystitis, ovarian cysts, and 
pregnancy- related conditions remote from term (e.g., incomplete abortions and cer-
vical incompetence) comprise the majority of complications requiring surgery dur-
ing pregnancy, although urolithiasis, tumors of the urinary tract, and peripartum 
urologic complications also occasionally require emergency intervention. 

 Caring for parturients undergoing nonobstetric surgery is a challenge for all 
health-care providers, as more than one patient must be taken into consideration. 
Managing pregnant patients requires an understanding not only of the anatomic and 
physiologic changes associated with pregnancy and how those changes affect anes-
thetic management but also of how to optimize the maternal–fetal unit during anes-
thetic exposure. Anatomic and physiologic alterations of pregnancy develop early 
and often do not resolve until the postpartum period. Respiratory, airway, gastroin-
testinal, and cardiovascular changes require preparedness for rapid maternal desatu-
ration during periods of apnea, potentially challenging laryngoscopy, full stomach 
precautions by mid-to-late second trimester, and maintenance of LUD after 18–20 
weeks’ gestation, among other things. 

 Health-care providers also must consider fetal well-being during nonobstetric 
procedures, taking into account concerns about teratogenic exposures, the onset of 
preterm labor, and avoiding fetal asphyxia. To date, no commonly used anesthetic 
agent or anesthetic adjuvant has been shown to be teratogenic in humans. However, 
a great deal of animal research dedicated to determining the effects of anesthetic 
exposure on the developing brain is currently underway. The risk of preterm labor 
appears to be related more to the underlying maternal condition and the nature of 
the surgery than to any anesthetic maneuvers and exposures. However, it is prudent 
for anesthesiologists to avoid certain agents that potentially irritate the uterus and to 
ensure adequate pain relief throughout the peripartum period. With regard to avoid-
ing fetal asphyxia, maintaining maternal blood pressure, avoiding prolonged peri-
ods of hypoxia, and maintaining normocapnia are essential measures to optimize 
fetal well-being. Use of pure alpha-adrenergic and mixed alpha- and beta- adrenergic 
agents, when appropriate, the generous administration of intravenous fl uids, main-
tenance of LUD, and avoidance of excessively deep general anesthesia are among 
the many interventions that help to maintain uteroplacental perfusion. 
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 Additional issues that often need to be addressed when a pregnant patient pres-
ents for a nonobstetric surgery concern whether laparoscopy is safe, which diagnos-
tic tests minimize fetal exposure to ionizing radiation, and when intraoperative FHR 
monitoring is recommended. Laparoscopy is being performed with increasing fre-
quency in the pregnant surgical population, most commonly for appendectomies 
and cholecystectomies. Certain measures, such as minimizing peritoneal pressure, 
adjusting position gradually, and maintaining LUD, among others, may help mini-
mize untoward maternal hemodynamic changes. Both general and spinal anesthesia 
are appropriate techniques for laparoscopic surgery, although only select patients 
and surgeons may be amenable to the latter. With regard to diagnostic testing during 
pregnancy, ultrasound and MRI do not use ionizing radiation and are considered 
safe during pregnancy. Single X-ray and CT studies expose the fetus to ionizing 
radiation, but at levels below the threshold at which adverse radiation effects occur. 
Available evidence and broad clinical experience suggest that withholding diagnos-
tic testing causes more harm to pregnant patients and their fetuses than performing 
the appropriate imaging test required to exclude or diagnose maternal pathology. 
Finally, recommendations for intraoperative FHR monitoring vary according to ges-
tational age and whether continuous monitoring is feasible. FHR monitoring before 
and after a surgical procedure is often appropriate for previable fetuses. Viable 
fetuses may be monitored either continuously or pre- and postoperatively, depend-
ing on the facilities, the willingness of the surgeon to perform cesarean delivery if 
fetal distress is detected, and the type and location of the surgery.     
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           Introduction 

 Urological procedures, either open or endoscopic, usually require strategic  positioning 
to allow surgical access to the pelvis, retroperitoneum, and the perineum. 
Anesthesiologists, urologists, and nurses have a shared responsibility to ensure patient 
safety while providing optimal surgical exposure. Knowledge of the physiologic 
changes associated with the various positions is of utmost concern in the care of these 
patients. Heed should be taken during patient positioning to avoid iatrogenic injuries, 
including ocular injury, compartment syndrome, and peripheral nerve damage. 
Improper positioning may cause complications, though rare, that are not only physi-
cally and emotionally devastating but may also have medicolegal consequences. 

 Nerve injuries comprise 22% of all anesthesia-related medicolegal claims in the 
United States [ 1 ], and according to the American Society of Anesthesiologists 
Closed Claims Project, since 1990, 10 nerve injuries (7%) of the 143 urologic 
claims reviewed were directly related to patient positioning. Four of these claims 
resulted in a median award of $49,000 [ 2 ]. Additionally, Welch et al. retrospectively 
reviewed 380,680 cases over a 10-year period at a single institution and reported 
112 cases of perioperative nerve injuries. Urological procedures accounted for 15% 
of the reviewed cases and 13% of the peripheral nerve injuries [ 3 ]. 

 Ocular injuries range from the relatively common (and minor) corneal abrasion 
which can happen in any position to the rare, devastating complication of ischemic 
optic neuropathy that can occur with the use of the prone or Trendelenburg positions 
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[ 4 ,  5 ]. Compartment syndrome, another devastating complication, has been reported 
to occur with the use of several positions after prolonged urologic surgery [ 6 ]. 

 This chapter discusses the various patient positions used for urologic procedures, 
physiologic changes, potential injuries, and the management of position-related 
complications.  

    Supine Position 

 Supine is the most common surgical position. It is utilized for the vast majority of 
open urologic procedures, most commonly those focused on the penis, scrotum, 
inguinal lymph nodes, and urethra. It allows optimal exposure of pelvic and intra- 
abdominal organs, such as the bladder and prostate, as well as retroperitoneal 
organs, including the adrenal glands, kidney, and ureters. Any urologic procedure 
involving the manipulation of the intestinal tract for urinary diversion or augmenta-
tion is also optimized by this position. 

 The majority of patients are asked to position themselves supine upon entering 
the operating room. Those patients with a prior history of peripheral neuropathy, 
contractures, or other risk factors should be allowed to position themselves prior to 
induction of anesthesia. Once anesthetized, if any further adjustments in supine 
positioning are needed for the surgical procedure, care should be taken to avoid any 
potential complications. The upper extremities should be properly secured to avoid 
pressure on the ulnar groove or hyperextension. One or both arms may be adducted 
or abducted while supine. When adducted at the patient’s side, the hand and forearm 
should be rotated to the neutral position. Padding should be placed over the elbow 
and any sharp objects (monitoring cables, intravenous lines) and the arms secured 
using the draw sheet tucked underneath the patient rather than the mattress. When 
abducted, the hand and forearm should be either rotated to the neutral position or 
supinated to reduce external pressure and potential neuropathies. Padding should be 
placed beneath the arms, and attention must be made to avoid hyperextension, espe-
cially at the elbow (Fig.  12.1 ).

   The lumbosacral area and occiput should also be provided padding underneath 
for prevention of pressure sores. In addition, it is imperative to periodically rotate 
the head during long or extended procedures to redistribute the weight and evade 
pressure alopecia secondary to hair follicle ischemia [ 7 ]. Patients with a history of 
chronic back pain or kyphoscoliosis may require additional padding or even slight 
fl exion of the bed at the hip to avoid an exacerbation of their condition. Any bony 
prominences in contact with the operating table should also be padded, including 
the heels. Caution should also be used to prevent pressure or leaning on the lower 
extremities by the operating room (OR) staff which can inhibit venous return and 
increase the risk of deep venous thrombosis. 

 Additionally, placing the patient in the frog leg position while supine, with the 
hips and knees fl exed and externally rotated, can facilitate access to the perineum, 
genitalia, and rectum if indicated and is commonly used during urinary catheter 
placement. 
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    Physiologic Changes Associated with the Supine Position 

    Cardiovascular 
 The supine position benefi ts from having the least hemodynamic or ventilatory 
changes associated with it. Transferring from the erect to supine position facilitates 
venous drainage from the lower extremities, increasing right sided fi lling pressures, 
thereby increasing cardiac output. Minimal changes, however, are seen in blood 
pressure due to a refl ex decrease in heart rate from the improved venous return. 
Given that the patient remains level on the operating table, equal pressures through-
out the arterial system are appreciated. Caution is warranted though, in certain con-
ditions that may increase intra-abdominal pressure such as tumor, obesity, ascites, 
or a gravid uterus, as they may impede venous return in the supine position, leading 
to hypotension.  

    Respiratory 
 Patient positioning and the effects of anesthesia signifi cantly alter lung volumes and 
mechanics. The functional residual capacity (FRC), which is the sum of the residual 
and expiratory reserve volumes, is of particular importance to the anesthesiologist. 
The FRC is the volume of lung remaining after a normal tidal volume exhalation. 
A change in position from standing to supine reduces FRC by approximately 800 mL 
in the average adult [ 8 ]. Induction of anesthesia with muscle relaxation further 
decreases FRC by 20% [ 9 ]. When FRC is reduced, there is a greater likelihood that 
it will drop below the closing capacity (i.e., the volume at which the physical forces 
promoting small airway closure overcome the inherent elasticity of the lung tissue). 
This effect leads to atelectasis, pulmonary shunting, and a reduction in PaO 2 . 

 While supine, gravity assists in increasing perfusion to the dependent, or poste-
rior, lung segments, which is favored during spontaneous breathing; however, dur-
ing controlled ventilation, the independent anterior segments are favored, leading to 
an increase in ventilation/perfusion mismatch.   

  Fig. 12.1    Supine position. The neck is placed in neutral position. The arms are abducted <90°, 
supinated, and padded underneath. All other pressure points are padded with a cushioned 
mattress       
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    Potential Complications (Table  12.1 ) 

    Peripheral Nerves (Ulnar, Radial, and Median) 
 Ulnar neuropathy is the most frequent site (28%) of anesthesia-related nerve injury 
according to the ASA Closed Claims Database [ 10 ]. The ulnar nerve is susceptible 
to excessive pressure as it courses through the medial elbow in the post-condylar 
groove [ 11 ]. Proper padding should be applied to prevent extended periods of pres-
sure in this area, and rotating the arm into a supinated or neutral position should also 
prevent its occurrence [ 12 ]. When the forearm is pronated, it can cause external 
compression and stretch of the ulnar nerve beneath the arcuate ligament in the cubi-
tal tunnel. In addition, fl exion at the elbow of greater than 90° may stretch the ulnar 
nerve as it passes through the post-condylar groove and should also be avoided for 
extended periods of time to prevent development of a neuropathy.

   The median nerve is susceptible to neuropathy due to excessive stretching as it 
courses through the antecubital fossa. Careful attention should be given to avoid 
hyperextension at the elbow [ 13 ]. Slightly supinating the arm can assist in relieving 
some of the stretching, but a comfortable range of motion at the elbow should be 
noted preoperatively and maintained in the operating room [ 14 ]. This is of height-
ened importance in body-builder patients who at baseline are more likely to have the 
elbow mildly fl exed. Straightening of the arm in this population can result in an 
increased likelihood of hyperextension of the median nerve. In addition, the median 
nerve may also be compromised if the arm were to unintentionally fall off the edge 
of the table in a pronated position. 

 Padding of the upper extremities is also crucial in preventing pressure on the 
radial nerve as it travels along the spiral groove of the humerus. Injury can most 
commonly occur from a distally placed noninvasive blood pressure cuff at the elbow 
or by allowing a supinated arm to inadvertently hang off the side of the table [ 15 , 
 16 ]. The nerve is susceptible to neuropathy even with proper padding if excessive 
external pressure is continually applied on the arm, such as OR staff leaning against 
the patient or compressing the arm against the operating table. If injury to the radial 
nerve does occur, then presentation will often consist of wrist drop, inability to 
straighten the fi ngers or possibly extend the elbow, and numbness over the back of 
the forearm, thumb, second, third, and lateral part of the fourth fi nger.  

   Table 12.1    Complications associated with supine positioning   

 Potential complications  Recommendations 
 Peripheral nerves (ulnar, radial, 
and median n.) 

 Avoid hyperextension and mildly supinate arms 
 Pad upper extremity pressure points 
 Flexion <90° 

 Spinal hyperextension  Avoid spinal hyperextension beyond 10° 
 Brachial plexus  Arm abduction <90° 

 Keep head in neutral position 
 Sciatic nerve  Pad operating table under buttocks (esp. in thin patients) 
 Compartment syndrome of arms  Avoid prolonged procedure time 
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    Spinal Hyperextension 
 Hyperextension of the spine beyond 10° has been associated with development of 
back pain and neuropathies. This additional positioning while supine is often done 
to optimize surgical fi eld exposure for intra-abdominal procedures, such as through 
a Chevron incision or for assistance in access to the renal pedicle and retroperito-
neal space. It is achieved by fl exing the bed at the level of the iliac spine and can be 
further enhanced by placement of a kidney rest or roll under the patient’s fl ank. This 
position adjustment should be avoided for extended periods of time, especially in 
those patients with preoperative contraindications to spinal hyperextension, such as 
chronic back pain or vertebral disk pathologies.  

    Brachial Plexus 
 The brachial plexus is vulnerable to compression injury in multiple areas as it makes 
its way through the upper extremity. Flexion of the head to the contralateral side, 
external and dorsal rotation of the arm, and hyper-abduction at the shoulder joint 
can all predispose to brachial plexus stretching and compression by the ipsilateral 
fi rst rib, clavicle, and humerus [ 17 ]. To avoid this complication, the head and arms 
should both be kept in neutral position, with the arms abducted no more than 90°.  

    Sciatic Nerve 
 Padding beneath the buttocks especially in thin patients assists in the prevention of 
pressure on the sciatic nerve as it courses through the posterior lower extremity. The 
surgical team must also pay careful attention when operating intra-abdominally to 
avoid malpositioning of retractor blades. Both the lumbosacral plexus and the intes-
tines are susceptible to neuropathy or visceral injury. When securing the retractor 
blades in the pelvic region, the lumbosacral plexus should be properly identifi ed to 
avoid its compression. 

 Nevertheless, even with proper positioning, padding, and careful attention to 
detail, injuries or neuropathies may still occur.    

    Trendelenburg Position 

 The Trendelenburg position is a modifi cation of the supine position, by tilting the 
table and patient head down, resulting in the head being closer to the ground than 
the feet. This position is often employed to displace the abdominal viscera toward 
the diaphragm, providing improved exposure to the lower abdominal and pelvic 
organs. Positioning of the arms remains similar to that in the supine position. The 
arms should be abducted <90° and either supinated or neutral or, more preferably, 
tucked at the patient’s side in the neutral position, avoiding the risk of the arms slid-
ing off the arm boards once the patient is tilted [ 18 ] (Fig.  12.2 ). Shoulder braces 
should also be placed bilaterally over the acromioclavicular joints, but only when 
the arms are tucked at the patient’s side. Utilization of shoulder braces in combina-
tion with arm abduction may result in brachial plexus neuropathy, due to stretching 
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and its potential compression against the humeral head as it courses through the 
shoulder and upper extremity.

   Trendelenburg position is often a tilt of the bed of <20° in order to displace the 
viscera; however, there are many circumstances especially in urologic procedures, 
where steep Trendelenburg positioning of 30–45° tilt may be necessary. This steep 
positioning should be avoided when possible. However, if it is necessary, it is impor-
tant to ensure that there is a non-sliding mattress to prevent the mattress and subse-
quently the patient from sliding cephalad off the OR table. 

    Physiologic Changes Associated with Trendelenburg Position 

    Cardiovascular 
 When placing the patient in the head-down position, there are shifts in the cardio-
vascular system that are both benefi cial and detrimental. With a 20–45° tilt of the 
OR table, venous return increases, leading to an almost threefold increase in central 
venous pressure and an almost twofold increase in pulmonary capillary wedge pres-
sure and pulmonary artery pressure [ 19 ]. This translocation of blood to the central 
compartment increases mean arterial pressure by 7–35% [ 20 ]. A refl ex reduction in 
heart rate and peripheral vascular resistance in combination with increased stroke 
volume maintains a steady cardiac output [ 21 ]. The increase in venous return will 
also produce an increase in intracranial pressure, followed by a decrease in cerebral 
blood fl ow due to cerebral venous congestion [ 1 ].  

    Respiratory 
 The shift of abdominal viscera against the diaphragm in the supine position 
decreases pulmonary compliance and FRC by 20%. The decrease is further exacer-
bated when the patient is placed in a head-down tilt. Atelectactic areas increase, as 

  Fig. 12.2    Trendelenburg position. Note the arms tucked at the patient’s side in the neutral  position 
with padding underneath the head and neck       
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does the mismatch between ventilation and perfusion. Hypoxemia may become an 
issue, especially in obese patients and those with preexisting lung disease. 

 Endotracheal intubation is recommended to protect against pulmonary aspiration 
and for utilization of positive pressure ventilation to combat atelectasis and V/Q 
mismatch. Elevated peak airway pressures are commonly seen once tilted head 
down, and various strategies should be employed to decrease these pressures during 
ventilation. Adjustments in inspiration to expiration ratio, respiratory rate, and tidal 
volume as well as utilizing pressure control ventilation rather than volume control 
may all be of assistance. The shift in anatomy in Trendelenburg position can also 
move the trachea cephalad, meaning that an endotracheal tube secured at the mouth 
may migrate into the right main stem bronchus, further worsening pulmonary shunt. 
This tracheobronchial shift may also be exacerbated during laparoscopy by a 
pneumoperitoneum. 

 These exacerbations of the Trendelenburg position on the cardiovascular and 
respiratory systems are transient. Returning the patient to the supine position may at 
times be necessary if the patient cannot tolerate the hemodynamic compromises.   

    Potential Complications (Table  12.2 ) 

    Brachial Plexus 
 The brachial plexus is subject to stretching and compression when the patient is 
tilted head down [ 22 ]. Kidney-shaped shoulder braces should be utilized to prevent 
sliding of the patient down the mattress (Fig.  12.3 ). With the shoulders resting 
fi rmly against these braces, there is the risk of traction on the cervical nerve roots 
and ensuing neuropathy [ 23 ]. In addition, when utilizing shoulder braces, abduction 
of the arm should be avoided. In this scenario, caudad movement of the humeral 
head in relation to the cervical spine may likely stretch the brachial plexus inferiorly 
around the humeral head [ 24 ].

   Table 12.2    Complications associated with Trendelenburg positioning   

 Potential complications  Recommendations 
 Brachial plexus  Use non-sliding mattress or kidney-shaped 

shoulder braces 
 Pad acromioclavicular joints 

 Ischemic optic neuropathy  Limit time in Trendelenburg position 
 Careful management of IV fl uids 
 Avoid prolonged hypotension 

 Increased intracranial pressure  Monitor head and neck for excessive edema 
 Head/neck venous pooling 
 Decreased functional lung capacity and 
compliance 

 Avoid taping across chest too tightly 
 Consider using alternative ventilation modes 
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        Ischemic Optic Neuropathy 
 The Trendelenburg position can lead to visual loss secondary to decreased venous 
return from the head. With the patient’s head below the level of the heart, increased 
intracranial and venous pressure can contribute to undue pressure on the optic nerve 
[ 25 ]. Although ischemic optic neuropathy (ION) is rarely described, it is a known 
complication, especially with the combination of hypotension, steep Trendelenburg, 
and long operative time [ 26 ]. ION is discussed in more detail in the prone position-
ing section later in this chapter.  

   Increase in Intracranial Pressure/Head and Neck Venous Pooling 
 Increases in intracranial and venous pressures when in Trendelenburg position for a 
prolonged duration can also lead to edema in areas of the head and neck. Swelling 
can occur of the face, eyes, larynx, and tongue and is usually more pronounced dur-
ing procedures that required substantial fl uid resuscitation. At the conclusion of 
procedures in steep Trendelenburg, it may be indicated to confi rm an air leak around 
the endotracheal tube prior to extubation; however, this does not guarantee that an 
upper airway obstruction still will not occur. Continued intubation and reverse 
Trendelenburg following the procedure may be necessary to allow for fl uid redistri-
bution prior to extubation.  

   Decreased Functional Lung Capacity and Compliance 
 The increase in V/Q mismatch and atelectasis with Trendelenburg positioning can 
be compensated for in multiple ways. If patients cannot tolerate the decrease in lung 
capacities from the shifts during head-down positioning, it may be necessary to 
return them to level supine position. Interstitial pulmonary fl uid may likely increase 
when head down; however, this change may be corrected with positive pressure 
ventilation when the patient is returned supine at the conclusion of the procedure. In 
obese patients, the additional weight from adipose tissue can dramatically effect 
pulmonary compliance. If possible given the surgical procedure, tilting the bed to 

  Fig. 12.3    Allen ®  shoulder 
restraints. Kidney-shaped 
padding around the 
acromioclavicular joints of 
bilateral shoulders. Avoid if 
arms are abducted       
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the left or right may relieve some of the direct weight from this added tissue and 
improve ventilation. Lung function can be further compromised if tape has been 
applied too tightly across the patient’s chest and anchored to the table for added 
prevention against patient sliding [ 27 ].    

    Lithotomy Position 

 The lithotomy position is most frequently used for transurethral cystoscopy proce-
dures or for open urologic procedures where access to the perineum and anus is 
necessary. Before repositioning the legs into stirrups, the patient’s anterior superior 
iliac spine should be placed over the break in the bed. The stirrups should then be 
anchored level with the patient’s knees and angled toward the contralateral shoulder. 
Once again the upper extremities can be either tucked at the patient’s side in the 
neutral position or abducted <90° with the arms either supinated or neutral. 

 When raising and lowering the legs in and out of the stirrups, it should be done 
in unison by at least two OR personnel so as to avoid torsion on the patient’s lumbar 
spine and possible dislocation of either hip. The goal of leg positioning in the stir-
rups is for the hips to be fl exed 80–100° from the trunk and the legs abducted <30–
45° from the midline (Fig.  12.4 ) [ 28 ]. This confi guration should lead to the knees 
being bent until parallel with the torso. The stirrups should be padded circumferen-
tially around the lower extremities to avoid compression injuries. When lowering 
the legs out of lithotomy, the knees should be brought together at midline, followed 
by unfl exing the legs back to the supine position. Preoperative examination focused 
on potential limitations to hip, knee, and ankle movement should be noted.

   There are multiple versions of stirrups for lithotomy position including candy 
canes, calf rests, boots, shepherd’s crook foot straps, or Bierhoff knee crutch stir-
rups [ 2 ]. If using boots, the heels of the lower extremity should be fl ush within the 
boot’s footrest, and compression of the calves on the superior edge of the boot 
should be avoided (Fig.  12.5 ).

   Exaggerated lithotomy position involves fl exing the hips beyond 100°. It should 
be avoided due to the excessive traction it places on the sciatic and peroneal nerves. 
When necessary in order to perform the surgery, it should be for a limited duration 
of time and only during those points in the surgical procedure when it is absolutely 
crucial. A buttress should be placed under the lower back in these instances to 
relieve some of the nerve and spinal traction that the patient may experience. 

    Physiologic Changes Associated with Lithotomy Positioning 

   Cardiovascular 
 Elevating the legs into the lithotomy position translocates the blood volume of the 
lower extremities into the central compartment, increasing venous return. The acute 
increase in preload results in a transient increase in cardiac output leading to a 
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  Fig. 12.5    Lithotomy position. Hips are fl exed <100°; knees are fl exed with legs parallel to 
patient’s torso. Arms are abducted <90° and positioned away from table hinge point       

  Fig. 12.4    Lithotomy position. Lower extremities are suspended in candy cane stirrups and exter-
nally rotated avoiding compression by stirrups on lateral aspect of legs       

potential exacerbation of congestive heart failure in at-risk patients. The autotrans-
fusion from the lower extremities results in an increase in mean arterial pressure. 

 Conversely, lowering the legs at the conclusion of the lithotomy position has the 
opposite effect by acutely decreasing venous return and causing hypotension. 
The effect on blood pressure and cardiac output will depend on the volume status of 
the patient. Nonetheless, the effects will likely be more pronounced in patients 
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under neuraxial or general anesthesia secondary to the intrinsic vasodilatory effects 
of these medications. Blood pressure should be promptly measured once the legs 
are lowered, in the event the patient’s fl uid status cannot compensate for the trans-
location of blood volume back into the lower extremities.  

   Respiratory 
 Similar to the supine position, placing the legs into lithotomy position will shift the 
abdominal viscera cephalad into the diaphragm, decreasing lung capacities and com-
pliance. An increase in the likelihood of pulmonary aspiration can also be seen as a 
result of this intra-abdominal shift. Therefore, placing an orogastric tube and suction-
ing the patient’s stomach contents is advised prior to converting to lithotomy.   

    Potential Complications (Table  12.3 ) 

   Peroneal Nerve 
 Neuropathy of the common peroneal nerve is the most common lower extremity 
neuropathy seen in the lithotomy position, accounting for 78% of lower extremity 
nerve injuries [ 29 ]. Potential compression of the nerve can occur when contact is 
made between the lateral head of the fi bula and the stirrups or bar of the candy cane. 
It is more commonly seen in patients with low BMI, recent cigarette use, or pro-
longed duration >3 h [ 1 ]. The subsequent pathology seen from a peroneal neuropa-
thy is lack of dorsifl exion of the foot, but it may also present as paresthesia or 
numbness. Fortunately, it is rare for this neuropathy to persist beyond 3 months, as 
full recovery of function and sensation is normally observed.

      Sciatic Nerve 
 The sciatic nerve is most susceptible to stretch injury while in the exaggerated 
lithotomy position. Hyperfl exion of the hip in combination with extension of the 
knee puts the patient at greatest risk for sciatic nerve stretch neuropathy.  

   Table 12.3    Complications associated with lithotomy positioning   

 Potential complications  Recommendations 
 Peroneal nerve  Avoid contact of fi bula and stirrup 
 Sciatic nerve  Avoid hyperfl exion of hip and extension of the knees 
 Obturator nerve  Hips fl exed between 80° and 100° 
 Pudendal nerve  Avoid traction and compression of legs against stirrups 
 Posterior tibial nerve  Padding and appropriate angling of stirrups 
 Lateral femoral cutaneous nerve  Avoid hip fl exion >90° 
 Saphenous nerve  Avoid compression of medial leg 
 Lumbar spine torsion  Legs raised and lowered together 
 Finger trauma  Arms placed on armrests away from table hinge point 
 Compartment syndrome  Avoid prolonged surgical time 
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   Obturator Nerve 
 The obturator nerve, which supplies motor innervation to thigh adductors, may be 
stretched when the patient’s hips are fl exed beyond 80–100°. This amount of fl exion 
of the thigh against the groin can injure the obturator nerve and cause it to be 
stretched and compressed against the pubic ramus of the pelvis as it exits the obtura-
tor foramen [ 30 ]. The obturator nerve is also at risk if the legs are fi rst abducted and 
then fl exed at the hip and knee when placed into the stirrups. Abducting the legs 
greater than 30° without concomitant hip and knee fl exion places excessive stretch 
on the nerve.  

   Posterior Tibial Nerve 
 The posterior tibial nerve is a branch off the sciatic nerve and supplies motor and 
sensory innervation to the plantar surface of the foot. It is largely protected by soft 
tissue and muscle as it courses through the popliteal fossa, yet injury may occur if 
the nerve is compressed against the femoral head due to improper padding of the 
lithotomy boots.  

   Lateral Femoral Cutaneous Nerve 
 The lateral femoral cutaneous nerve supplies sensory innervation to the lateral 
thigh, and its neuropathy is typically referred to as meralgia paresthetica. Contact or 
compression of the lateral thigh to the candy cane stirrup rod can lead to its irritation 
and subsequent lateral thigh pain [ 31 ].  

   Saphenous Nerve 
 The saphenous nerve supplies sensory innervation to the medial aspect of the foot 
and courses along the medial side of the knee and calf. Compression from inade-
quate stirrup padding or by OR personnel leaning against the patient’s legs can lead 
to a saphenous nerve injury, most commonly from its compression against the 
medial tibial condyle of the knee.  

   Lumbar Spine Torsion 
 Raising and lowering the legs into the stirrups simultaneously by at least two OR 
personnel reduces the potential torsion placed on the lumbar spine as noted above. 
Patients with chronic low back pain may experience loss of their natural spine lor-
dosis when in lithotomy, which may aggravate any underlying disease. Preoperative 
assessment of chronic low back pain should be noted.  

   Finger Trauma 
 With the patient’s anterior superior iliac spine placed over the crack in the bed and 
the arms tucked at the patient’s side, caution should be used when raising and lower-
ing the leg support of the bed due to the proximity of the fi ngers to this joint. Trauma 
can be avoided if the arms are abducted on arm boards; however, not all procedures 
allow this positioning. In those circumstances, to avoid crush injury to the fi ngers, 
caution should be used when adjusting the table at its hinge points (Fig.  12.6 ).
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         Lateral Decubitus and Jackknife Position 

 The lateral decubitus position provides optimal surgical exposure for access to the 
adrenal glands, kidney, and collecting system. It is a benefi cial position for removal 
of kidney stones located in the upper ureter and renal pelvis requiring an open pro-
cedure, as well as nephrectomies of nonmalignant disease. The patient is fi rst anes-
thetized in the supine position, and then with the help of other members of the OR 
staff, the patient is turned to the lateral decubitus position. For extraperitoneal surgi-
cal procedures, the patient is turned a full 90°; however, if surgical exposure requires 
access to the intraperitoneal space, then turning 45° lateral may be adequate. 
Methods of maintaining the patient fi rmly on their side without displacement during 
surgical manipulation include utilizing a beanbag position immobilizer [ 31 ] or 
anchoring silk tape over towels placed at the patient’s shoulder and waist to the 
OR bed. 

 Jackknife is a modifi cation of the lateral decubitus position, in which the OR 
table is fl exed at its midpoint underneath the patient’s iliac crest. This fl exing of the 
OR table provides stretch between the nondependent iliac crest and the costal mar-
gin on the operative side, creating a maximal surgical exposure. After fl exing the 
table into the jackknife position, it is important to then place the table into reverse 
Trendelenburg until the upper torso is parallel with the ground to optimize both 
hemodynamic stability and tension over the incision site. If additional fl exion is 
needed for surgery, a kidney rest can be added to the OR table apparatus [ 32 ]. The 
kidney rest should be anchored where the OR table breaks and placed directly under 
the dependent iliac crest (Fig.  12.7 ). This results in raising the nondependent iliac 
crest and promoting improved surgical exposure. Care should be taken to ensure 
that the kidney rest is not malpositioned underneath the fl ank or lower costal mar-
gin. Such malpositions can result in compression of the inferior vena cava and 
decreased venous return, as well as impeding ventilation of the dependent lung.

   When turning the patient to the lateral decubitus position, vigilance should be 
used in maintaining the head and neck in a neutral position in line with the 

  Fig. 12.6    With arms tucked, 
risk for fi nger trauma or crush 
injury exists when adjusting 
lower portion of bed in 
lithotomy position       
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vertebral column [ 33 ]. The head should be kept neutral by placing blankets and/or 
a foam doughnut beneath it for support. Failure to do so can result in lateral stretch 
of the neck and subsequent stretch of the brachial plexus [ 34 ]. Horner syndrome 
has also been reported as a possible complication of excessive lateral neck fl exion 
due to injury of the ipsilateral stellate ganglion [ 35 ]. Attention should also be taken 
with the dependent eye to prevent external compression or possible corneal 
abrasion. 

 An axillary roll should always be placed and positioned beneath the patient’s rib 
cage just caudad to the axilla. The roll should never be located in the axilla itself, as 
its purpose is to distribute the weight of the thorax away from the axilla and prevent 
compression of its neurovascular bundle [ 36 ]. Placing the pulse oximeter on the 
dependent arm can be used as an indicator of axillary neurovascular compression 
[ 37 ]. If hypotension is recorded in the dependent arm, then axillary compression 
must be ruled out [ 38 ]. Periodic checks throughout the surgical procedure should 
also be performed to ensure that the axillary roll has not become displaced during 
surgery. 

  Fig. 12.7    Jackknife lateral decubitus position. Improper placement of kidney rest at ( a ) below the 
fl ank and ( b ) dependent costal margin. ( c ) Correct positioning below dependent iliac crest       
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 The arms should be placed perpendicular to the shoulders and parallel to each 
other. They should be neither abducted >90° nor fl exed at the elbow >90° to avoid 
stretching of the brachial plexus and its branches [ 39 ]. The nondependent arm can 
be either propped up on pillows above the dependent arm or placed on a padded 
armrest positioned perpendicular to the corresponding shoulder [ 40 ] (Fig.  12.8 ). 
The dependent leg should be fl exed at the knee, and padding should be placed 
beneath the dependent leg and between both knees to relieve pressure at bony prom-
inences [ 41 ,  42 ] (Fig.  12.9 ).

  Fig. 12.8    Arms are abducted <90°, parallel to each other and perpendicular to corresponding 
shoulders. Upper arm is supported by padded armrest. Axillary roll is placed under dependent 
thorax, caudad to the axilla       

  Fig. 12.9    Dependent leg is fl exed at the knee with padding between legs to prevent compression 
at bony prominences       
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       Physiologic Changes Associated with Lateral Decubitus Position 

   Cardiovascular 
 Cardiac output while in the lateral decubitus position should remain unchanged 
unless venous return is impeded. Compression of the inferior vena cava with a mal-
positioned kidney rest can decrease preload and cardiac output. Venous pooling in 
the lower extremities may also occur and may be accentuated by anesthetic- induced 
vasodilatation. This in turn may aggravate a potential hypotensive episode.  

   Respiratory 
 While awake in the lateral decubitus position, ventilation is increased in the depen-
dent lung and gas exchange remains unchanged. However, when anesthetized, the 
combination of muscle relaxation, lateral weight from the mediastinum, and cepha-
lad pressure from intra-abdominal organs and surgical retractors on the dependent 
lung decreases lung compliance [ 43 ] This produces underventilation and over- 
perfusion of the dependent lung as well as overventilation and under-perfusion of 
the nondependent lung. A markedly increased risk of hypoxemia due to this V/Q 
mismatch is therefore a major concern.   

    Potential Complications (Table  12.4 ) 

   Peroneal Nerve 
 The peroneal nerve courses along the lateral aspect of the leg at the knee and is 
subject to compression in the lateral decubitus position [ 44 ]. The weight of both 
legs on the dependent peroneal nerve should be relieved with appropriately placed 
padding under the dependent knee [ 45 ].

      Brachial Plexus 
 The intention of the axillary roll is to prevent compression of the axillary neurovas-
cular bundle and injury to the brachial plexus. Although placing a pulse oximeter on 
the dependent arm may help in early detection of vascular compression, it does not 
ensure that the brachial plexus is completely protected. Stretching of the head and 
neck may lead to traction on the brachial plexus and subsequent neuropathy. 

   Table 12.4    Complications associated with lateral decubitus positioning   

 Potential complications  Recommendations 
 Peroneal nerve  Adequately pad dependent leg against table 
 Brachial plexus  Use axillary roll 

 Bring dependent shoulder and arm out from under rib cage 
 Skin breakdown  Pad pressure points 
 Compartment syndrome  Avoid prolonged surgery 
 Rhabdomyolysis  Higher incidence in obese or male patients and prolonged surgery 
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Keeping the head neutral and the arms parallel to each other but perpendicular to the 
ipsilateral shoulder while an axillary roll supports the thorax should avert brachial 
plexus stretching.  

   Skin Breakdown 
 There are multiple dependent areas while in the lateral decubitus position that are 
subject to excessive pressure and potential skin breakdown if not properly padded 
for procedures of extended duration [ 46 ]. Compared to supine position, the inci-
dence of skin breakdown is much greater in the lateral decubitus position [ 47 ] sec-
ondary to increased skin to surface interface pressures. These interface pressures 
can be as much as potentially three times greater when the table is fl exed 50° com-
pared to only 25°, in addition to known risk factors such as BMI >25 kg/m [ 2 ] and 
male sex [ 48 ]. The combination of added interface pressure on dependent areas and 
prolonged surgical duration places the patient at signifi cant risk for skin breakdown 
and should be minimized whenever possible.    

    Prone Position 

 The prone position provides the urologist with access to the retroperitoneum and 
upper urinary tracts. It is most commonly used for percutaneous nephrolithotomy, 
adrenalectomy, and pediatric pyeloplasty via the dorsal lumbotomy approach. 

 Extreme care must be taken when positioning an anesthetized patient prone to 
avoid injury to both the patient and operating room personnel. During positioning, 
attention should be paid to avoid inadvertent extubation of the trachea and to main-
tain the neck in neutral position, fi xed relative to the thorax. The arms are typically 
at the patient’s sides while turning prone, and can then be tucked with palms facing 
medially, or extended in the “superman” position on arm boards with the arms 
abducted less than 90° at the shoulders and fl exed at the elbows (Fig.  12.10 ).

   The knees and hips should be slightly fl exed. All pressure points, including fore-
head, chin, elbows, knees, shins, and toes, must be properly padded. The chest and 
abdomen should be supported above the operating table by bolsters or frames to 
prevent compression of abdominal contents and reduction in pulmonary compliance 
and venous return. Care should also be taken to avoid compression of breasts and 
male genitalia. Breasts should be placed medially to the bolsters that support the 
chest. Commercially available foam headrests have openings for the eyes, nose, and 
mouth to avoid tissue injury from excessive pressure or endotracheal tube kinking. 

 Prone positioning can be particularly challenging in the morbidly obese patient, 
and extra operating room staff should be available to assist with turning the patient. 
Alternatively a technique of awake intubation followed by prone patient self- 
positioning can be employed. This method has been described for percutaneous 
nephrolithotomy in obese patients [ 49 ]. The advantage of this technique is that the 
patient can achieve a comfortable position and can be questioned as to whether 
additional adjustments or padding are necessary prior to induction of anesthesia. 
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    Physiologic Changes Associated with Prone Positioning 

   Cardiovascular 
 Several studies, using both invasive and more recently noninvasive measurement 
techniques, have recognized a consistent decrease in cardiac index (CI) when turn-
ing patients from the supine to the prone position [ 50 ] ranging from 12.9% to 24% 
depending on the study and the exact method of positioning, with one confl icting 
study showing no change in CI [ 51 ]. The decrease in CI is primarily a result of 
decreased stroke volume secondary to a position-related decrease in venous return, 
with little to no change in heart rate [ 52 ]. There may also be a small component of 
reduced left ventricular compliance as a result of compression of the thoracic cage 
[ 53 ]. Regardless of the mechanism of decreased CI, the mean arterial blood pressure 
(MAP) is maintained by a compensatory sympathetic-mediated increase in sys-
temic vascular resistance (SVR) [ 52 ]. With MAP unchanged, the decrease in CI is 
not likely to be clinically signifi cant in most patients, with the exception of those 
who may be sensitive to increased SVR (i.e., patients with regurgitant cardiac 
lesions or systolic heart failure). 

 The prone position-related decrease in venous return is due in large part to infe-
rior vena cava (IVC) obstruction. Without adequate bolstering to allow the abdomen 
to hang free, compression of the abdominal contents against the IVC obstructs 
direct venous return to the heart, causing venous pooling. In addition to reducing 
cardiac output, the position leads to venous stasis and a theoretical increased risk of 
deep venous thrombosis. IVC pressures of greater than 30 cm H 2 O have been 
reported when the abdomen is compressed in the prone position [ 54 ].  

  Fig. 12.10    ( a ) Prone position with arms in the “superman” position and ( b ) with arms tucked at 
the patient’s sides. The neck is in neutral position, the thorax and abdomen are placed on bolsters, 
and all pressure points are padded       
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   Respiratory 
 In contrast to the supine position, the prone position results in a minimal reduction 
in FRC relative to the upright position. A study measuring FRC using the helium 
dilution technique found an increase in FRC of approximately one liter in patients 
turned from the supine to prone position (1.9 +/− 0.6 vs. 2.9 +/− 0.7 L,  p  < 0.01), 
with a corresponding increase in PaO 2  (160 +/− 37 vs. 199 +/− 16 mmHg,  p  < 0.01) 
[ 55 ]. This increase in FRC is attributed to less cephalad displacement of the dia-
phragm in the prone versus supine position. 

 Effects of the prone position on the distribution of lung ventilation and perfu-
sion are controversial, with several competing theories based on the method of 
physiologic evaluation. Of note, the relatively recent institution of prone position-
ing as therapy to improve oxygenation in patients with acute lung injury in the 
intensive care unit setting results from the observation that this position improves 
oxygenation in some patients. This improvement has been attributed to better alve-
olar ventilation of the dorsal portions of the lung [ 56 ]. Confl icting studies have 
shown that the distribution of ventilation is relatively unchanged based on posture, 
whereas perfusion is found to be gravity dependent in supine patients, but more 
evenly distributed in prone patients, leading to better V/Q matching in the prone 
position [ 57 ].   

    Potential Complications (Table  12.5 ) 

   Occlusion of Carotid or Vertebral Arteries 
 Excessive neck movement during rotation to the prone position when the neck is 
not immobilized relative to the torso can lead to stretch injury resulting in inter-
nal carotid artery dissection and subsequent cerebral infarction [ 58 ]. Once posi-
tioned, there are also several case reports implicating neck rotation or extensive 
cervical extension leading to dissection or obstruction of fl ow through the arter-
ies supplying the brain if the neck is not maintained in a neutral position through-
out the case [ 50 ].

   Table 12.5    Complications associated with the prone position   

 Potential complications  Recommendations 
 Occlusion of carotid or vertebral arteries  Avoid excessive rotation of neck 
 Cervical spine injury  Avoid excessive extension or fl exion of neck 
 Brachial plexus  Arms elevated <90° or placed at sides 

 Avoid pressure on axilla 
 Pressure injuries of knees, 
breasts, face, and feet 

 Pad pressure points 

 Upper airway edema  Maintain head in neutral position 
 Postoperative visual loss  Avoid prolonged hypotension, prolonged surgery, 

and excessive crystalloid fl uid administration 
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      Cervical Spine Injury 
 Although rare, there a few case reports citing cervical spine injury in the prone posi-
tion from either excessive fl exion [ 59 ] or extension [ 60 ] of the neck. The proposed 
mechanisms of injury include compromised perfusion of the spinal cord as a result 
of stretch injury or protrusion of an intervertebral disk. This rare complication must 
be taken seriously as a result of the devastating outcome of either paraplegia or 
quadriplegia depending on the level of injury.  

   Brachial Plexus Injury 
 Injury to the posterior and lateral cords of the brachial plexus has been reported after 
prone positioning for a laminectomy with the arms pronated and abducted greater 
than 90°, close to the patient’s head [ 61 ]. An alternate mechanism of injury is pressure 
on the axilla by a positioning frame, such as a Relton-Hall positioning frame [ 62 ].  

   Ophthalmic Injury 
 Postoperative visual loss (POVL) is an exceedingly rare but devastating complica-
tion that has been documented after several types of surgery, though most com-
monly after spine surgery in the prone position. To date, POVL has not been reported 
for prone urologic procedures, but there remains a theoretical risk for any procedure 
in the prone position. The two major causes of POVL are central retinal artery 
occlusion and ischemic optic neuropathy (ION). Central retinal artery occlusion 
accounts for <6% of cases of POVL, is usually unilateral, and results from reduced 
perfusion pressure, either from obstruction of venous drainage from direct ocular 
compression or by low fl ow or emboli in the retinal artery [ 63 ]. ION is more com-
mon than central retinal artery occlusion. The visual loss is usually bilateral, ranges 
in severity from blurred vision to complete blindness, and has an unknown etiology 
[ 63 ]. Several risk factors for the development of ION have been suggested, most 
recently in a case control study from the Postoperative Visual Loss Study Group 
[ 64 ]. Eighty patients with ION after spinal fusion were compared with 315 matched 
controls. Risk factors for developing ION included male sex, obesity, Wilson frame 
use, anesthetic duration, blood loss, and lower percent colloid administration. 
Further studies are needed to determine causality and the potential benefi t of inter-
vening on these risk factors.  

   Upper Airway Edema 
 Swelling of the tongue, soft palate, and pharynx have been reported after surgery of 
long duration in the prone position resulting in a prolonged postoperative intubation 
while the swelling resolved. Of note, published cases all include patients with skull 
base abnormalities [ 50 ]. The proposed mechanism of excessive edema formation is 
fl exion of the head in the prone position, leading to obstruction of internal jugular 
vein outfl ow and inadequate venous drainage from the head [ 50 ].  

   Venous Air Embolism 
 Air embolism is a recognized complication of spine surgery in the prone position 
[ 65 ]. It has also been reported in urology patients undergoing percutaneous nephro-
lithotomy, causing cardiovascular collapse [ 66 ] and stroke from paradoxical air 
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embolus [ 67 ]. The prone position causes a gradient in pressure between the renal 
pelvis and the right heart. This negative pressure gradient can draw air into open 
veins, a risk that is present any time the surgical fi eld is above the heart. The com-
mon practice of lowering the head and legs for better surgical access to the renal 
pelvis exacerbates this gradient. Air then enters the venous system through pyelove-
nous backfl ow [ 67 ].    

    Positioning for Robotic-Assisted Procedures 

 The concerns for positioning in robotic-assisted procedures are similar to the supine 
or lithotomy positioning concerns described above. However, the operative team 
should be aware of the additional potential of crush injuries caused by the moving 
arms of the robot. Care should be taken with the positioning of the robot over the 
patient to avoid potential pressure points [ 2 ]. Access to and repositioning of the 
patient after the robot is “docked” are limited; therefore, any extra lines need to be 
placed beforehand. As with any new technology, surgical times may be longer, 
thereby increasing the risk of compartment syndrome (see below) or nerve injury. 
Currently, there are no published reports of crush injuries; however, cases of laryn-
geal edema, brachial plexus injuries [ 68 ], and postoperative ischemic optic neuropa-
thy [ 5 ] have been reported after robotic-assisted laparoscopic prostatectomy.  

    Compartment Syndrome 

 Urologic patients are at risk for compartment syndrome, most commonly during 
prolonged procedures performed in the lithotomy position. This complication can 
lead to severe debilitating morbidity or mortality if not promptly recognized and 
treated. In a survey of United Kingdom urologists, 65 cases of postoperative com-
partment syndrome were reported, 51 of which were after radical cystectomy, lead-
ing to an estimated incidence of 1 in 500 cystectomies. Radical prostatectomy 
accounted for fi ve cases, urethroplasty for seven, and other pelvic reconstructive 
surgeries for the remaining two cases. Of the 65 total cases, 41.5% led to permanent 
disability and four patients died [ 69 ]. 

 The pathogenesis of compartment syndrome in this setting begins with ischemia 
to the lower extremity due to excessive local pressure from improper leg suspension 
in stirrups or compression from surgical equipment or personnel. Compression of 
the pelvic vessels from exaggerated lithotomy position can also contribute. 
Trendelenburg positioning and hypotension worsen the insult. Muscle ischemia 
damages cell membranes, leading to leakage of intracellular contents to the extra-
cellular space and edema formation. The extremities are composed of noncompliant 
fascial compartments, so that edema leads to a further increase in pressure within 
the extremity, reducing perfusion pressure, worsening ischemia, and therefore lead-
ing to a cycle of injury [ 70 ]. 
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 Risk factors include lithotomy positioning for greater than 5 h [ 70 ], muscular 
patients, obesity, and peripheral vascular disease. The differential diagnosis includes 
deep venous thrombosis and peripheral nerve injury; both are common postopera-
tive complications. Pain and tenderness of the affected limb, particularly with pas-
sive stretching, are the fi rst signs of compartment syndrome. Patients who remain 
sedated after surgery will not be able to bring these symptoms to the attention of 
health-care workers. Even in awake patients, the onset of symptoms can be insidi-
ous, and a high clinical suspicion is necessary. There is theoretical concern that 
epidural anesthesia may mask the signs of compartment syndrome and delay recog-
nition, though several reports have included patients where compartment syndrome 
was recognized early despite regional blockade [ 71 – 73 ]. By the time all of the clas-
sic signs, namely, pain, pulselessness, paresthesia, pallor, and paralysis, are present, 
irreversible ischemic damage has likely occurred [ 74 ]. 

 Laboratory evaluation reveals a metabolic acidosis, myoglobinuria, hyperphos-
phatemia, hyperkalemia, uremia, and elevated creatine kinase. These abnormalities 
are consistent with rhabdomyolysis and myoglobinuric renal failure from muscle 
breakdown. 

 Once recognized, urgent orthopedic surgery consultation for emergency fasciot-
omy is essential to prevent worsening morbidity. A generally accepted threshold for 
fasciotomy is a compartment pressure within 20 mmHg of the patient’s diastolic 
blood pressure. Compartment pressures 10–20 mmHg below diastolic blood pres-
sure have been associated with ischemia in animal models [ 75 ,  76 ]. 

 Medical management is aimed at preventing renal injury in the face of rhabdo-
myolysis. Therapy includes aggressive fl uid administration and alkalinization of the 
urine, which makes myoglobin more soluble and less likely to cause intratubular 
plugging [ 77 ]. Mannitol has benefi cial renal effects, by increasing glomerular fi ltra-
tion rate and proximal intratubular fl ow, thus reducing tubular obstruction, as well 
as free radical scavenging. Aside from the renal benefi ts, mannitol may improve 
perfusion pressure of the affected extremity by increasing mean arterial pressure 
and decreasing skeletal muscle edema [ 70 ].  

    Recognition and Treatment of Perioperative 
Peripheral Nerve Injury 

 The incidence of postoperative peripheral nerve injury varies from 0.028% to 1.5% 
in various studies [ 78 ]. Analysis of the ASA Closed Claims Database from 1990 to 
2007 revealed that nerve injury accounted for 22% of the 5,230 claims, making it 
second only to death in number of claims fi led [ 1 ]. Twenty three percent of these 
cases resulted in a permanent disability. 

 There are several potential mechanisms leading to perioperative nerve injury, 
including direct nerve trauma from surgery or regional block and local anesthetic 
toxicity. Alternative mechanisms include nerve stretch, compression, and ischemia, 
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which can be the result of improper positioning or padding, surgical retractors, pro-
longed immobility, or tourniquets. The latter mechanisms of injury share a common 
pathophysiology: an interruption in blood supply to the nerve. A short interruption 
is likely to be quickly reversible. As the ischemic duration increases, Schwann cell 
damage and demyelination can occur, followed eventually by axonal loss and 
Wallerian degeneration, leading to progressively longer recovery times for the 
patient [ 17 ]. Of note, some cases of perioperative nerve injury have no identifi able 
cause, and prolonged hospital stay has been associated with peripheral nerve injury 
in medical patients who have not undergone surgery [ 78 ]. 

 Patient characteristics that have been associated with a greater risk for postopera-
tive nerve injury include male gender, diabetes, hypertension, smoking, peripheral 
vascular disease, and extremes of weight. Patients with preexisting neuropathies are 
also at greater risk [ 3 ,  12 ]. General and epidural anesthesia are associated with more 
nerve injuries than is monitored anesthesia care [ 1 ]. 

 There is often a delay of hours to days after surgery before a patient reports 
symptoms of a peripheral nerve injury. Once suspected, a thorough examination 
should be conducted to determine the nerve(s) involved and the type of defi cit (i.e., 
sensory +/− motor). Findings should be compared with the preoperative physical 
exam. More than half of all perioperative nerve injuries are strictly sensory in nature, 
which carries a better prognosis for complete recovery [ 3 ]. Early consultation with 
a neurologist and electrophysiologic testing are indicated when a neurologic defi cit 
is detected. 

 Electromyography (EMG) can help determine the timing of injury and discern 
the location of injury within the motor unit. Denervational change within the muscle 
does not become apparent until 2–3 weeks after an injury, so if found in the immedi-
ate postoperative period, it suggests a preexisting injury [ 17 ]. When a perioperative 
peripheral nerve injury has occurred, the EMG will reveal a reduced number of 
motor units recruited secondary to fewer functioning axons within the nerve [ 78 ]. In 
this case, the EMG should be repeated 3–4 weeks postoperatively to document the 
denervational changes that will occur by that time [ 17 ]. 

 Nerve conduction studies (NCSs) evaluate the conduction velocity of both sen-
sory and motor nerves and can localize the site of focal injury. When the electrode 
overlies the injured portion of a sensory nerve, the compound sensory action poten-
tial is reduced. With motor nerves, the conduction velocity and muscle response can 
estimate the number of axons able to be activated. NCSs can also differentiate 
between axonal loss versus demyelination in the pathologic process, which has 
prognostic value [ 78 ]. 

 Fortunately the natural history of most perioperative peripheral nerve injuries is 
improvement and eventual resolution of defi cits. Injuries resulting in pain can be 
treated with agents known to be helpful in neuropathic pain conditions, namely, 
gabapentin or pregabalin. When a motor defi cit is present, physical therapy is indi-
cated to maintain joint fl exibility and splinting may help to prevent further injury. 
Surgical treatment is a last result when the injury does not improve and can include 
neurolysis and resection and grafting of nonconducting lesions [ 17 ].  
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    Conclusions 

 Proper patient positioning should be of the utmost concern of the surgical team. The 
desire to maximize surgical exposure should be balanced by the need to minimize 
position-related injuries. These complications, while rare in urology, can cause sig-
nifi cant physical harm and emotional distress to patients and might have medicole-
gal implications. Special care should be undertaken with extremes of body habitus 
and of positioning, as well as the duration of surgical time. Anesthesiologists and 
urologists, by understanding the mechanisms of positional injuries, can work 
together to reduce the risk of complications.     
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           Introduction 

 Degenerative cardiovascular disease is associated with increasing age and represents 
the number one cause of mortality in the Western world. The urological patient popu-
lation, consisting of a high percentage of elderly patients, makes concurrent cardio-
vascular disease a common fi nding. Atrial fi brillation, coronary stenting, or 
mechanical heart valves frequently require some form of anticoagulation therapy and 
are commonly encountered. It is imperative for the anesthesiologist to be aware of 
the patient’s past medical history and have a thorough understanding of the pharma-
cokinetics of anticoagulant medications, especially since many urological procedures 
are performed using regional techniques. The risk of discontinuing these medications 
must be carefully weighed against the benefi t of neuraxial anesthesia. Consequently, 
the decision to continue or withhold these medications must be made in a team 
approach involving the anesthesiologist, cardiologist, and urologist. This chapter will 
discuss common medical conditions requiring anticoagulation and describe the 
agents used. 
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    Atrial Fibrillation 

 Atrial fi brillation (AF) is the most common dysrhythmia requiring medical therapy 
and increases in prevalence with advancing age. The risk of embolic stroke must be 
weighed against the risk of intracerebral hemorrhage when deciding whether or not 
the patient should be anticoagulated. The CHADS 2  classifi cation score can aid the 
physician in the decision making as to selection of patients who will benefi t from 
oral anticoagulation (warfarin) versus aspirin therapy alone (Table  13.1 ).

   Many clinicians will treat patients with atrial fi brillation using oral anticoagula-
tion (OAC) medication such as warfarin or prescribe a new class of OAC drugs 
(such as dabigatran) if a CHADS 2  score of 2 or above is calculated. 

 If the CHADS 2  score is 0–1, antithrombotic therapy with OAC or aspirin is rec-
ommended. In those with non-valvular atrial fi brillation, and with less validated risk 
factors including age 65–75 years, female gender, or coronary artery disease, anti-
thrombotic therapy with either aspirin or a vitamin K antagonist is reasonable for 
prevention of thromboembolism. The choice of agent should be based upon the risk 
of bleeding complications, ability to safely sustain adjusted chronic anticoagula-
tion, and patient preference [ 1 ].  

    Agents 

 Over the past few years, clinical practice has experienced a dramatic change in the 
management of patients taking anti-aggregate and anticoagulant agents due to their 
extensive use as well as due to the development of new drugs. 

 Conventional anticoagulants included oral vitamin K antagonists (warfarin, 
acenocoumarol, phenprocoumon), parenteral heparins (unfractionated heparin, 
low molecular weight heparins [LMWHs]), parenteral factor Xa inhibitors 
(fondaparinux), and parenteral direct thrombin inhibitors (hirudin, lepirudin, arg-
atroban). New agents that have recently emerged into clinical practice include oral 
direct thrombin (or factor IIa) inhibitors, such as dabigatran etexilate (Pradaxa) and 
AZD 0837; oral factor Xa inhibitors, such as rivaroxaban (Xarelto), apixaban, 
betrixaban, eribaxaban, LY517717, DU 176b, YM 150, and TAK 442; and paren-
teral factor Xa inhibitors, consisting of idrabiotaparinux which is a biotinylated 
form of idraparinux. 

   Table 13.1    CHADS 2  classifi cation scoring system   

 Condition  Point 
 C  Congestive heart failure  1 
 H  Hypertension: blood pressure consistently above 140/90 mmHg 

(or treated hypertension on medication) 
 1 

 A  Age ≥ 75 years  1 
 D  Diabetes mellitus  1 
 S 2   Prior stroke or TIA or thromboembolism  2 
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 Some of the other new antithrombotic drugs (Table  13.2 ) are still in the early 
stages of clinical development and include several factor Xa inhibitors (apixaban, 
DU 176b, LY 517717, YM 150, betrixaban, eribaxaban [PD 0348292] and TAK 
442) and one thrombin inhibitor (AZD 0837).

      Vitamin K Antagonists 
 The oral vitamin K antagonist (VKA) warfarin, a Coumadin derivative, is a very 
effective anticoagulant drug in preventing thromboembolic events. Its mechanism 
of action is inhibition of vitamin K-dependent coagulation factors II, VII, IX, and 
X, which are produced by the liver [ 2 ]. 

 The pharmacokinetics of warfarin is complex and therefore requires periodical 
monitoring, laboratory testing, and adjustment of the dose. The levels of anticoagu-
lation desired depend on the medical condition and are assessed by the international 
normalized ratio (INR). 

 Several factors interfere with the response to warfarin treatment, such as genetic 
and environmental factors. Some mutations in the gene coding for the hepatic enzyme 
cytochrome P450 might provoke a higher incidence of bleeding [ 3 ]. Among the envi-
ronmental factors, warfarin can interact with other medications (and herbs) that the 
patient might be concomitantly taking and with the patient’s diet. Therefore, due to 
the narrow therapeutic index range and the diverse factors that might alter its response 
[ 4 ], warfarin therapy carries a higher risk of hemorrhage, ranging in magnitude from 
1.0% to 7.4% per year; this risk is increased in the older population, those with a his-
tory of stroke, and concomitant use of other agents that increase bleeding risk [ 5 ]. 
Thus, the decision of whether or not to place a patient on warfarin therapy must 
involve carefully balancing antithromboembolic benefi t versus risk of bleeding [ 6 ].  

    Complications of Discontinuation 
 Several management strategies have been described for the operative patient with 
AF on warfarin [ 7 ]. One of the key factors to be taken into consideration is the risk 
of thromboembolism. The guidelines of the American College of Chest Physicians 
(ACCP) classify the risk for thromboembolism according to the medical condition 
that mandated the use of anticoagulant treatment, as well as the coexistence of other 

   Table 13.2    Newer anticoagulants and their pharmacologic properties   

 Mechanism of action  Medication  Route/dosing 
 Onset 
of action  Half-life 

 Direct factor Xa 
inhibitors 

 Apixaban  Oral (BID)  3 h  12 h 
 Rivaroxaban  Oral (QD, BID)  3 h  9 h 
 Edoxaban  Oral (QD, BID)  1–2 h  9–11 h 
 Betrixaban  Oral (QD, BID)  N/A  19 h 
 YM 150  N/A  N/A  N/A 

 Indirect factor Xa 
inhibitor 

 Idrabiotaparinux  Weekly SC inj  1–2 h  80–130 h 

 Direct thrombin inhibitor  AZD 0837  Oral (QD, BID)  1 h  9 h 
 Vitamin K antagonist  ATI-5923  Oral (variable)  N/A  136 h 
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comorbidities [ 8 ]. These guidelines consider three groups: high risk, moderate risk, 
or low risk according to the indication for antithrombotic therapy. 

 High risk for arterial thromboembolism includes one of the following: CHADS 2  
score of >5, a recent (within 3 months) stroke or transient ischemic attack, or rheu-
matic valvular heart disease. Patients at moderate risk include those with a CHADS 2  
2–4. Patients with low risk for thromboembolism include those with a CHADS 2  
score of <2 and without history of prior stroke or transient ischemic attack. The over-
all risk of a thromboembolic event in the low-risk patient population is <5% per year.  

    Bridging Strategies 
 According to the guidelines established by the ACCP, patients at high risk of devel-
oping a thromboembolic event and receiving chronic VKA therapy should be 
bridged with therapeutic dosages of low molecular weight heparins (LMWH). The 
authors of these guidelines prefer bridging with LMWH as opposed to unfraction-
ated heparin (UFH). Ten cohort studies assessing bridging anticoagulation therapy 
in approximately 1,400 patients with chronic atrial fi brillation were reviewed. They 
concluded that the overall risk for perioperative arterial thromboembolism was 
0.57% when bridging anticoagulant therapy was used. Warfarin should be stopped 
5 days preoperatively and bridging anticoagulation initiated. Several therapeutic 
dose regimens have been studied with similar results; these include dalteparin 
200 IU/kg daily, enoxaparin 1.5 mg/kg daily, tinzaparin 175 IU/kg daily, dalteparin 
100 IU/kg twice per day, and enoxaparin 1 mg/kg twice per day. The last dose of 
therapeutic subcutaneous LMWH should be 24 h prior to surgery or procedure start 
time. It is also recommended that the last dose should consist of only half the rec-
ommended dose. For those patients receiving UFH, it is recommended to stop UFH 
4 h before surgery or procedure start time. 

 If neuraxial anesthesia is indicated, the recommendation is to postpone needle 
placement for at least 10–12 h after prophylactic LMWH dose. In patients receiving 
therapeutic doses of LMWH, such as dalteparin 120 U/kg BID, dalteparin 200 U/kg 
QD, enoxaparin 1.5 mg/kg BID, or tinzaparin 175 U/kg QD, the recommendation is 
to delay needle placement for a minimum period of 24 h. If LMWH was adminis-
tered 2 h preoperatively, neuraxial anesthesia should be avoided. There are no con-
traindications to neuraxial anesthesia for patients receiving UFH 5,000 U BID. 
However, in those patients receiving more than BID dosing or greater than 10,000 U 
of UFH daily, we recommend frequent neurologic exams if neuraxial technique has 
been performed. UFH should be administered 1 h after needle placement and the 
indwelling catheter removed 2–4 h after the last dose [ 9 ]. 

 In high-risk patients requiring therapeutic LMWH post-procedure, the risks of 
achieving inadequate hemostasis must be weighed carefully against the risk of 
developing a perioperative thromboembolic event. For minor surgical or invasive 
procedures where the risk of hemorrhage is remote, anticoagulation with either 
therapeutic LMWH or UFH should be resumed 24 h after the surgery or procedure. 
In those undergoing major surgery or procedures with a high risk of bleeding, 
therapeutic LMWH or UFH should be initiated 48–72 h after surgery or when sur-
gical hemostasis has been achieved [ 7 ]. An alternative for patients undergoing pro-
cedures with a high risk of bleeding is to start intravenous UFH as soon as 
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hemostasis has been confi rmed with the goal of maintaining a partial thromboplas-
tin time two times the normal range, to allow for tighter control of postoperative 
anticoagulation since the intravenous administration of heparin can easily be 
stopped and reversed with protamine. Warfarin is restarted prior to discharge [ 10 ]. 
Perioperative anticoagulation therapy should be continued until the warfarin level 
is therapeutic as defi ned by the indicated patient-specifi c goal (INR). 

 Much controversy exists surrounding the management of intermediate- and low- 
risk patients on chronic VKA therapy regarding the necessity of bridging strategies, 
especially in patients with no preexisting rheumatic disease and atrial fi brillation. 
Patients with atrial fi brillation with moderate risk of perioperative arterial thrombo-
embolism, history of a prior venous thromboembolism (VTE), or with a mechanical 
heart valve should receive therapeutic LMWH, therapeutic UFH, or low-dose 
LMWH as opposed to no bridging anticoagulation during temporary cessation of 
chronic VKA regimen (Grade 2C recommendation) [ 7 ]. 

 Contrary to the recommendations of the aforementioned ACCP guidelines, 
there are two uncontrolled observational studies that investigated the effects of not 
“bridging” patients after discontinuation of OAC. A prospective observational 
study by Garcia et al. investigated the occurrence of thromboembolic events 30 
days postoperatively in a cohort of 1,024 patients whose chronic VKA therapy was 
interrupted. Five hundred and fi fty of these patients had atrial fi brillation, making 
atrial fi brillation the largest subgroup within this study population. Of these 550 
patients, 535 did not receive any bridging anticoagulation therapy. The authors 
reported that four patients developed either a stroke or a systemic embolic event 
(0.7%, 95% CI, 0.2–1.9%). In this cohort subset, 90 patients had >3 risk factors for 
developing arterial thromboembolism; therefore, the majority of patients were 
within the intermediate- to low-risk categories as defi ned by the authors. However, 
it must be noted that risk stratifi cation for arterial thromboembolism was not based 
on the CHADS 2  classifi cation, and two of the four reported cases of arterial throm-
boembolism were in those patients with a distant history of stroke. Interestingly, 23 
out of the 1,024 patients experienced a major bleeding episode, and of those 23, 
fourteen received bridging anticoagulation therapy. The authors concluded that for 
patients receiving long-term VKA therapy undergoing minor outpatient proce-
dures with low-to- intermediate risk of thromboembolism, perioperative cessation 
of VKA therapy without a bridging anticoagulation regimen is associated with a 
low risk of arterial thromboembolism [ 11 ]. Wyskonski and colleagues reached 
similar conclusions in their prospective cohort study examining the 3-month cumu-
lative incidence of thromboembolism, bleeding, and death among consecutive 
patients with non- valvular atrial fi brillation referred to the Thrombophilia Center 
at the Mayo Clinic over a 7-year period. Of the 345 patients followed, 271 (79%) 
had persistent AF, and 118 (34%) reported prior thromboembolic events (stroke, 
TIA, peripheral artery embolus, or left atrial thrombus). The CHADS 2  classifi ca-
tion system stratifi ed high- and low-risk patients. The most common procedures 
were orthopedic, gastrointestinal, and urologic. The authors reported four patients 
with six thromboembolic events after four procedures. The 3-month cumulative 
thromboembolic incidence was 1.1% (95% CI, 0–2%) from the 345 patients fol-
lowed. Bridging LMWH therapy was implemented in two of the four patients. 
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Interestingly, nine of the 345 patients who underwent ten procedures in total expe-
rienced ten major bleeding events (hemoglobin decrease of 2 g/dL or transfusion 
of two units PRBC). Five of the nine patients received bridging LMWH, and the 
most common bleeding incident was from a gastrointestinal source. Eleven patients 
experienced 11 minor bleeding events after 11 procedures of which 10 received 
bridging LMWH. In their study, warfarin was stopped 4–5 days before surgery, and 
those indentifi ed to be at high risk of stroke were either treated with intravenous 
unfractionated heparin or bridged with LMWH. The regimen for bridging therapy 
was as follows: ardeparin sodium 130 IU SC q 12 h, dalteparin sodium 100 IU SC 
q12 h or 200 IU/kg, and enoxaparin sodium 1 mg/kg SC q 12 h or 1.5 mg/kg SC q 
24 h. The last LMWH injection occurred 24 h before surgery at a dose 50% of the 
calculated daily dose. (Table  13.3 ) Intravenous UFH was stopped 6–8 h before 
surgery. Warfarin was restarted immediately after the procedures, and warfarin and 
LMWH therapy overlapped for at least 5 days until the INR exceeded 2. The 
authors concluded that LMWH bridging therapy should only be initiated in patients 
at the highest risk for thromboembolism (prior stroke; CHADS 2  score > or equal to 
4) while considering the procedure-associated risk of bleeding [ 12 ]. In patients 
with lower CHADS scores, routine perioperative DVT prophylaxis should be 
employed.

   The majority of patients undergoing elective surgery are at low risk for throm-
boembolism. If VKA is interrupted and bridging therapy initiated, the authors of 
this chapter recommend that warfarin be stopped 4–5 days preoperatively, so that 
there is enough time for the INR to normalize prior to the procedure. An alternative 
is to interrupt the treatment with warfarin 2 days before surgery and reverse the 
effect of VKA with vitamin K. By doing so, the time period during which the 
patient is at increased risk for thrombosis is reduced. Additionally, to further 
decrease the risk of thromboembolism after reversal of warfarin, prophylactic hep-
arin (5,000 U) can be given subcutaneously every 12 h. Then during the postopera-
tive period, once the risk of bleeding has been determined to be minimal, 
prophylactic doses of heparin can be restarted along with warfarin, monitoring the 
level of anticoagulation until the INR reaches a therapeutic level. In cases where 
the risk of thromboembolism is very high, we recommend the administration of 
therapeutic LMWHs. The heparin administration must be held 24 h before surgery. 
Patients in whom anticoagulation is mandatory (e.g., warfarin treatment for antico-
agulation in patients with mechanical heart valves), a continuous intravenous UFH 
infusion is advised in an inpatient setting, and the patient must therefore be hospi-
talized a few days before the procedure. The intravenous UFH infusion should be 
stopped 6–8 h prior to the procedure.  

   Table 13.3    Bridging anticoagulation regimens   

 Therapeutic dose  Enoxaparin 1 mg/kg BID or 1.5 mg/kg QD, dalteparin 100 IU/kg BID 
or 200 IU/Kg QD, tinzaparin 175 IU/kg QD, UFH IV to aPTT 1.5–2x 
control aPTT 

 Prophylactic dose  Enoxaparin 30 mg BID or 40 mg QD, dalteparin 5,000 IU QD, UFH IV 
5,000–7,500 IU BID 

 Intermediate dose  Enoxaparin 40 mg BID 
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    Summary 
 Atrial fi brillation is the most common cause of arterial thromboembolism resulting 
in a fi ve- to sixfold increased risk of stroke. Although many newer pharmacologic 
oral anticoagulants have been implemented to reduce this risk, VKA therapy 
remains the cornerstone of treatment and is associated with a stroke risk reduction 
of 68% (range 45–82%). When these patients present for urologic procedures, a 
careful evaluation of risk for developing arterial thromboembolic event versus the 
risk of surgical bleeding must be evaluated when developing a perioperative antico-
agulation management protocol. In patients at high risk for arterial thromboembo-
lism as defi ned by the CHADS 2  classifi cation system, the need to prevent a 
thromboembolic event will dominate management irrespective of bleeding risk. For 
those considered at moderate risk, no single perioperative strategy has currently 
been shown to be superior, and management will depend on the individual patient 
risk assessment. For patients at low risk, bridging therapies can be avoided. In addi-
tion to the CHADS 2  classifi cation system, other factors must be considered includ-
ing preexisting atrial and ventricular dysfunction, chronicity of anticoagulant 
therapy, and other concomitant medical conditions predisposing to a hypercoagu-
lable state. Therefore, devising a perioperative anticoagulation strategy should not 
be the sole responsibility of the proceduralist, but rather a multidisciplinary effort 
between the internist, cardiologist, anesthesiologist, as well as the urologist.    

    Prevention of Venous Thromboembolism (VTE) 

 According to the most current ACCP guidelines, the need for DVT prophylaxis in 
the urological patient is accessed by three categories: low-risk urologic procedures 
(i.e., TURP), major urological surgery, and high bleeding risk or active bleeding. In 
those undergoing low-risk urological procedures, no prophylaxis other than early 
and frequent ambulation is necessary. For those undergoing major or open urologi-
cal procedures, the current recommendations include UFH BID or TID (Grade IB) 
along with general or intermittent pneumatic stockings started just before surgery 
and continued until ambulation. LMWH (Grade IC) or combination of LMWH, 
UFH, or fondaparinux with general compression +/− intermittent pneumatic stock-
ings can also be used. The patients at high risk of bleeding or active bleeding as 
accessed by the urologist, general compression stockings with or without intermit-
tent pneumatic stockings should be used until bleeding risk decreases (Grade IC). 
Once bleeding risk decreases, pharmacologic prophylaxis can be added until the 
patient is ambulatory (Grade IC). The current pharmacologic recommendations are 
enoxaparin 40 mg daily or dalteparin (NF) 5,000 IU daily started 2 h prior to sur-
gery and continued until ambulation. Another alternative includes heparin 5,000 
units sq every 8 h (preferred) to 12 h initiated after hemostasis has been established 
and until discharged from hospital. If fondaparinux is used, the recommended dose 
is 2.5 mg daily commenced after hemostasis has been established (6–8 h postopera-
tively) and continued until mobility is no longer impaired [ 13 ].  
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    Fondaparinux and Prevention of VTE 

 Fondaparinux (Arixtra) is chemically related to low molecular weight heparin, 
binding and causing conformational changes in antithrombin, which signifi cantly 
increase the ability of antithrombin to inactivate factor Xa. Its bioavailability is 
100% after subcutaneous injection with peak concentrations reached in 25 min. The 
longer half-life allows fondaparinux to be dosed every 24 h as compared to the more 
frequent dosing regimen of heparin and low molecular weight heparins. Many stud-
ies have investigated the use of fondaparinux compared to conventional treatment 
modalities in the prevention of venous thromboembolism. 

 Started 4–8 h postoperatively, fondaparinux showed superior effi cacy in pre-
venting VTE when compared to the low molecular weight heparin, enoxaparin, 
following hip fracture surgery and elective knee surgery. The endpoints of this 
trial consisted of identifying deep venous thrombosis utilizing bilateral ascending 
venography [ 14 ]. Additionally, a recent meta-analysis of four multicenter, ran-
domized, double-blind trials evaluated the effi cacy of fondaparinux, dosed at 
2.5 mg/day, beginning 4–8 days after surgery, compared to enoxaparin in prevent-
ing VTE after major orthopedic surgery. These investigators concluded that the 
use of fondaparinux was associated with a dramatic reduction in the occurrence of 
VTE by postoperative day 11, 6.8% versus 13.7%, respectively. It is however 
important to note that the investigators did report a greater incidence of major 
bleeding in the fondaparinux group, 2.7% versus 1.7% [ 15 ]. From eight large 
randomized trials reviewing individual data from 13,085 patients in which 
fondaparinux was used for the prevention of VTE, the authors concluded that the 
risk of major bleeding was signifi cantly increased in those who were older, male, 
had lower body weight, or decreased creatinine clearance [ 16 ]. In the double-
blind randomized PEGASUS trial, fondaparinux was compared to dalteparin for 
VTE prophylaxis after major abdominal surgery under general anesthesia. The 
rate of VTE for those treated with fondaparinux or dalteparin was 4.6% versus 
6.1%, respectively, for a relative risk reduction of 25%. Major bleeding was simi-
lar in the two treatment arms. The study population included 2,048 patients [ 17 ]. 
According to the American College of Chest Physicians Evidence-Based Clinical 
Practice Guidelines on the prevention of VTE, fondaparinux is a Grade IC recom-
mendation for patients undergoing major urological surgery. Fondaparinux was 
found to be as effi cacious as LMWH combined with intermittent pneumatic com-
pression for the prevention of VTE in these patients [ 18 ]. The current recommen-
dations for dosing of fondaparinux include the following: starting 5 mg 
subcutaneous for weight <50 kg, 7.5 mg subcutaneous for weight >50 kg, and 
10 mg subcutaneous for weight >100 kg. Treatment should be started 4–6 h after 
surgery or when surgical hemostasis is achieved. Fondaparinux should be used 
with caution or avoided in patients <50 kg, those with renal insuffi ciency (creati-
nine clearance <30 ml/min), hemorrhagic tendency, and platelet count <100,000/
ml due to increased risk of bleeding. 

 Furthermore, the incidence of heparin-induced thrombocytopenia (HIT) is negli-
gible with fondaparinux since it does not interact with platelets or platelet factor 4. 

D.Z. Kagalwala et al.



279

Fondaparinux can be used at full therapeutic doses in patients with a history of HIT 
who have acute thrombosis (not related to HIT) and normal renal function. There is 
no large multicenter double-blind published evidence to support the use of novel 
anticoagulants such as fondaparinux and dabigatran for the treatment of HIT. Thus, 
the use of argatroban, lepirudin, and danaparoid to treat patients with HIT is cur-
rently recommended [ 19 ].  

    New Anticoagulants 

 Due to the disadvantages of warfarin as reviewed above, the pharmaceutical indus-
try has dedicated enormous efforts in research towards developing new oral antico-
agulants. Antagonism of thrombin and factor Xa is commonly targeted since these 
two factors are central and share the common coagulation pathway. 

    Dabigatran 

 The U.S. Food and Drug Administration (FDA) approved dabigatran etexilate 
(Pradaxa) in October 2012 as an alternative to warfarin in reducing the risk of stroke 
associated with atrial fi brillation. It is an oral reversible thrombin inhibitor with 
numerous pharmacokinetic and pharmacodynamic advantages over oral warfarin 
therapy. Since its activation and metabolism is independent of CYP450 system, 
dabigatran has less drug and dietary interactions. However, there are a few notable 
interactions that the perioperative clinician should know, serum levels of dabigatran 
are reduced when taking rifampin concurrently; additionally, serum levels are 
increased in the presence of dronedarone. Furthermore, the coadministration of pro-
ton pump inhibitors reduces the absorption of dabigatran by approximately 25%. 

 Dabigatran is predominantly excreted renally with the majority of the drug 
emerging unchanged in the urine. Its oral bioavailability is 6.5%, and its half-life is 
14–17 h in those devoid of renal insuffi ciency. However, in those with renal dys-
function, the half-life can be prolonged up to 28 h. After oral ingestion, the time to 
peak anticoagulant activity is 2–3 h resulting in a dose-dependent increase in PT, 
aPTT, and TT. Furthermore, it does not demonstrate any inhibitory effects on other 
platelet-stimulating agents [ 20 ,  21 ]. 

 The effi cacy of dabigatran in the prevention of stroke in patients with non- 
valvular atrial fi brillation was investigated in the landmark RE-LY (Randomized 
Evaluation of Long-Term Anticoagulation Therapy) trial published in 2009. This 
study involved 18,113 patients with a mean age of 71 and a mean CHADS 2  score of 
2.1. Dosages of dabigatran (110 and 150 mg BID) were compared to conventional 
warfarin therapy in prevention of thromboembolic events and occurrence of major 
bleeding episodes. The study concluded that the 110 mg BID dosing of dabigatran 
resulted in similar rates of stroke, systemic embolism, and lower rates of major 
bleeding events when compared to warfarin. However, the higher dose dabigatran 
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regimen resulted in similar rates of bleeding episodes with lower rates of stroke and 
systemic embolism when compared to warfarin therapy. The FDA approved the 
150 mg oral BID dosing for patients with creatinine clearance >30 ml/min and 
75 mg orally BID for patients with creatinine clearance between 15 and 30 [ 22 ]. 
Dabigatran should be used cautiously in the elderly due to an increased risk of 
bleeding. Eikelboom et al. reported that both the 110 and 150 mg po BID dosing 
regimen led to an increased risk of major bleeding with decreased creatinine clear-
ance and increasing age in their retrospective analysis of the RE-LY trial [ 23 ]. 
Additionally, Legrand et al. reported two cases of major bleeding episodes, one of 
which resulted in a fatality, associated with the 75 and 110 mg BID dosing of dabi-
gatran. Both these patients were elderly with poor renal function and low body 
weight [ 24 ]. 

 An important advantage of dabigatran is that it can be discontinued closer to 
surgical start time in patients with intact renal function. In patients whose creatinine 
clearance is >50 mL/min, dabigatran can be discontinued 24–48 h prior to the start 
of the procedure. However, for those with creatinine clearance <50 mL/min, dabiga-
tran should be discontinued 3–5 days before surgery. Conversely, the timing for 
discontinuing dabigatran may need to be extended for those individuals undergoing 
major surgery or in patients in whom complete hemostasis is desirable such as intra-
cranial, ophthalmic, or spine procedures. Some clinicians advocate normalization of 
aPTT or thrombin clotting times prior to surgeries with a greater propensity of 
bleeding [ 25 ]. A Hemoccult test, calibrated for dabigatran, will soon be available in 
the USA, thus providing an accurate measurement of its serum levels and a more 
precise timing for discontinuation of therapy if needed, especially in patients with 
renal dysfunction. Due to the quicker onset and offset of dabigatran, bridging anti-
coagulation regimens may be unnecessary. This observation is substantiated by a 
study evaluating bridging anticoagulation in dabigatran treated patients requiring 
elective surgery. These patients were not administered bridging anticoagulation, 
and the incidence of thromboembolic events was less than 1%. Additionally, the 
resumption of dabigatran should occur 24 h after the procedure at the usual dose of 
150 mg BID. In patients undergoing procedures with a greater risk of bleeding, 
some clinicians recommend delaying resumption of therapy for 2–3 days after the 
end of the procedure or using the lower dabigatran dose of 110 mg BID. Another 
viable option would be to use a low-dose LMWH. These recommendations, how-
ever, are anecdotal rather than evidence based [ 26 ]. Refer to Table  13.4  for further 
recommendations on the perioperative management of dabigatran.

   Table 13.4    Recommended perioperative guidelines for management of dabigatran   

 Renal function 
(CrCL ml/min) 

 Estimated 
half-life, h 

 High risk for bleeding 
(stopping dabigatran 
before procedure) 

 Standard risk for bleeding 
(stopping dabigatran 
before procedure) 

 Mid 50–80  15 (12–18)  2–3 days  24 h (2 doses) 
 Moderate 30–50  18 (18–24)  4 days  At least 2 days (48 h) 
 Severe < 30  27 (>24)  > 5 days  2–4 days 
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        Complications of Discontinuation of Antiplatelet Drugs 

    Specific Considerations for Patients with Coronary Artery Stents 

 The high incidence of coronary artery disease combined with advances in endovas-
cular technology has resulted in a dramatic increase in the placement of coronary 
artery stents over the last two decades. Approximately two million patients undergo 
percutaneous coronary interventions (PCIs) yearly [ 27 ], and about 100,000 patients 
with coronary artery stents undergo noncardiac surgeries during the fi rst year after 
PCI [ 28 ]. The ACC/AHA guidelines from 2009 suggest dual antiplatelet therapy for 
1 month after bare-metal coronary stent (BMS) placement and 1 year of dual anti-
platelet therapy for drug-eluting coronary stents [ 29 ]. 

 Since all these patients receive a regimen of anti-aggregation (mono or dual anti-
platelet therapy) to maintain stent patency, serious concerns have risen regarding the 
perioperative management of these patients when presenting for a surgical proce-
dure. The ACC/AHA guidelines recommended a 4–6-week interval between bare- 
metal stenting and noncardiac surgery to enable the re-endothelialization of the 
stent [ 30 – 34 ]. Collet et al. demonstrated an increased risk of acute stent thrombosis 
if dual antiplatelet therapy was discontinued less than 2 weeks after the placement 
of the BMS [ 35 ]. BMS thrombosis becomes exceedingly uncommon 1 month after 
stent placement. 

 Several publications that studied the perioperative outcomes in patients with 
drug-eluting stents (DES) who interrupted the antiplatelet therapy indicated that 
the morbidity (such as acute stent thrombosis leading to myocardial infarction) and 
mortality associated with this intervention might be more prevalent than previously 
considered, especially when dual antiplatelet therapy is discontinued periopera-
tively [ 36 – 41 ]. 

 The ACCP guidelines recommend that patients with a bare-metal coronary stent 
who are scheduled for surgery within 6 weeks of stent placement or those with a 
drug-eluting coronary stent who require surgery within 12 months of stent place-
ment should keep taking the antiaggregants prescribed at the time of the stent place-
ment (aspirin and clopidogrel) until the day of the surgery.  

    Perioperative Management of Antiplatelet Therapy 

 Due to the high prevalence of patients with coronary artery disease with or without 
a history of percutaneous intervention, many patients presenting for urological pro-
cedure are on single or dual antiplatelet therapy [ 28 ]. 

 The preoperative management of antiplatelet therapy (Table  13.5 ) is a critical 
issue and warrants special attention from the surgeon and the anesthesiologist to 
several factors including risk of bleeding, risk of arterial thrombosis and its potential 
catastrophic consequences, and, most importantly, the timing of the surgery in rela-
tion to the timing of the stent placement. It also requires a thorough understanding 
of the patient’s medical status, type of antiplatelet agents used, and their pharmaco-
kinetic and pharmacodynamic actions.
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       Antiplatelet Agents 

 Commonly used antiplatelet drugs include aspirin, thienopyridines, and glycopro-
tein IIB/IIIA antagonists.  

    Aspirin 

 Acetylsalicylic acid is the most widely studied antiplatelet drug. Mechanism of 
action is related to its capacity to permanently inhibit COX (cyclooxygenase) activ-
ity of prostaglandin H-Syntase-1 and prostaglandin H-Syntase-2 in platelets [ 42 ]. 
To resume platelet function, aspirin needs to be stopped for 7–10 days due to its 
irreversible effect on platelets.  

    Thienopyridines 

 Ticlopidine, clopidogrel, and prasugrel represent three generations of oral thieno-
pyridines that selectively and irreversibly inhibit ADP-induced platelet aggregation. 
Clopidogrel is a potent thienopyridine, which has established itself as the standard 
therapy for most patients undergoing PCI with stent implantation. However, clopi-
dogrel has limitations, including variable absorption, variable antiplatelet effects, 
and slow onset and offset of action [ 39 ]. 

 Initial pharmacological studies showed that prasugrel has a more rapid onset of 
action than clopidogrel and achieves more consistent and complete inhibition of 
ADP-induced platelet aggregation [ 39 ]. When effi cacy and safety of prasugrel and 
clopidogrel were compared in the TRITON-TIMI trial, prasugrel reduced myocar-
dial infarction, stroke, or cardiovascular death but did not reduce overall mortality. 
The incidence of major, life-threatening bleeding was increased in patients receiv-
ing prasugrel [ 43 ]. More studies are currently underway as a result of the increased 

   Table 13.5    Perioperative management of antiplatelet therapy   

 Risk of 
bleeding 

 Type of 
procedure  Preoperative modifi cations 

 Resuming therapy 
postoperatively 

 Low  Endoscopy, laser 
lithotripsy, laser 
prostatectomy 

 Continue aspirin and clopidogrel  Restart after 24 h 

 Intermediate  TURP, scrotal 
procedures, 
sling placement 

 Continue aspirin and discontinue 
clopidogrel 5 days before procedure 

 Restart clopidogrel 
once risk for 
bleeding minimal 

 High  Nephrectomy, 
prostatectomy, 
cystectomy 

 Discuss with cardiologist/
anesthesiologists/urologist regarding 
risk/benefi t of stopping dual platelet 
medications. Benefi cial to continue 
aspirin 

 Restart dual 
therapy as soon as 
bleeding risk 
minimal 
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bleeding tendencies observed with the use of prasugrel. The use of ticlopidine has 
been limited due to its serious hematological side effects, which have been reported 
as thrombocytopenia, agranulocytosis, pancytopenia, and hemolytic anemia. 

 In order to achieve restoration of full platelet function, thienopyridines should 
also be discontinued at least 5–7 days prior to surgery.  

    Glycoprotein IIB/IIIA Antagonists 

 Abciximab, tirofi ban, and eptifi batide belong to this group of medications. Tirofi ban 
may have a role in “bridging therapy” of antiplatelets in the future due to its short 
duration of action. There is, however, insuffi cient data currently to make any 
recommendations.  

    Complications of Discontinuation of Antiplatelet Drugs: 
Risk of Stent Thrombosis Versus Risk of Surgical Bleeding 

 Perioperative discontinuation of antiplatelet medications is usually done because of 
concerns for intra- and postoperative surgical bleeding. Continuation of antiplatelet 
therapy perioperatively has been associated with increased blood product transfu-
sion but rarely with increased risk of mortality and morbidity [ 44 ,  45 ]. However, the 
effect of thienopyridines on bleeding complications from urological procedures has 
not yet been as systemically analyzed [ 46 ]. Concerns still remain in cases with high 
risk of bleeding or when the consequences of bleeding may be catastrophic such as 
patients undergoing transurethral resection of prostate procedures. Alternative, less 
invasive procedures may be considered by the surgeon in these high-risk patients. A 
study by Ruszat et al. observed a very low intraoperative and postoperative compli-
cation rate in patients on oral anticoagulants undergoing photoselective vaporiza-
tion of the prostate (PVP) [ 47 ]. 

 Premature discontinuation of antiplatelet therapy in surgical patients with recent 
coronary stent placement signifi cantly increases the risk of catastrophic periopera-
tive stent thrombosis [ 48 ]. Cessation of antiplatelet therapy has shown to be, by far, 
the most important risk factor for DES-associated stent thrombosis [ 49 ]. This may 
be due to the prothrombotic state from the rebound activation of platelets com-
pounded with the prothrombotic status secondary to the infl ammatory response due 
to surgery. Stent thrombosis may result in serious complications such as myocardial 
infarction or death.  

    Specific Considerations for Patients with Coronary Artery Stents 

 Where possible, elective surgery should be postponed until patients are no longer in 
the period of high stent thrombosis risk. ACCP guidelines on antithrombotic ther-
apy and prevention of thrombosis recommend deferring surgery for at least 6 weeks 
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after placement of a bare-metal stent and for at least 6 months after placement of a 
drug-eluting stent  instead of  undertaking surgery within these time periods. 
Moreover, in patients who require surgery within 6 weeks of placement of a bare- 
metal stent or within 6 months of placement of a drug-eluting stent, they suggest 
continuing dual antiplatelet therapy around the time of surgery  instead of  stopping 
dual antiplatelet therapy 7–10 days before surgery [ 50 ]. 

 The ACC/AHA guidelines from 2009 suggest dual antiplatelet therapy for a 
minimum of 1 month after bare-metal coronary stents (BMS) placement and 1 year 
of dual antiplatelet therapy for drug-eluting coronary stents. They recommend 
postponing elective procedures to ensure this minimum duration of therapy is met 
[ 51 ]. If the procedure cannot be delayed, it would be optimal to continue both 
agents throughout the perioperative period [ 47 ]. Otherwise, it is recommended that 
aspirin be continued during the procedure if at all possible, while the thienopyri-
dine is discontinued. The result of a systematic review by Eisenberg et al. suggests 
that for those patients at high risk of bleeding, it may be relatively safe to stop 
thienopyridine therapy in patients with DES over a short period of time if ASA is 
maintained [ 52 ]. 

 In procedures in which signifi cant bleeding would prove to be catastrophic, the 
risk-to-benefi t ratio might favor the short-term cessation of antiplatelet drugs. 
Communication between the surgical, anesthetic, and cardiology teams is crucial in 
developing the optimal plan. The multidisciplinary decision about short-term cessa-
tion of antiplatelet therapy needs to be tailored to the individual patient. It is sug-
gested that the antiplatelet agents should be stopped no sooner than 5 days prior to 
the procedure and should be restarted as soon as possible after the surgery. 

 For patients taking aspirin or thienopyridines who require emergency surgery, 
antiplatelet effect will obviously still be present perioperatively. If life-threatening 
bleeding is encountered, then platelet transfusion should be considered, although 
the clinical benefi t of this management has not been studied [ 43 ].  

    Summary of Current Recommendations 

     1.    Antiplatelet therapy for primary prevention of coronary heart disease:
 –    Consider stopping antiplatelet therapy 5–7 days prior to the procedure when 

the perioperative bleeding risk is high.      
   2.    Coronary balloon angioplasty:

 –    Delay elective surgery for 4–6 weeks to allow healing of endothelium.      
   3.    Bare-metal stent (BMS):

 –    Delay elective surgery for at least 4–6 weeks.  
 –   Continue dual antiplatelet therapy during this period for emergent/urgent 

surgery.      
   4.    Drug-eluting stents (DES):

 –    Delay elective surgery for 12 months.  
 –   Continue dual antiplatelet therapy for 6–12 months after stent placement.  
 –   Continue aspirin indefi nitely.      
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   5.    Drug-eluting stents in high-risk patients:
 –    (This group consists of patients with left main stent, multivessel stent, stent at 

a bifurcation, stent in sole patent coronary artery, and low ventricular systolic 
function.)  

 –   Delay elective surgery for at least 12 months.  
 –   Consider continuing dual antiplatelet therapy during the perioperative period.  
 –   Communication between surgeon, anesthesiologist, and cardiologist plays a 

crucial role in reviewing the current patient’s antiplatelet therapy and discuss-
ing the optimal management strategy.         

    Restarting Antiplatelet Therapy After Procedure 

 The decision when to commence antiplatelet therapy after the procedure will depend 
on the balance between the risk of arterial thrombosis and risk of major hemor-
rhage. In patients at high risk of thromboembolic events, antiplatelet therapy should 
be restarted as soon as possible postoperatively [ 53 ].  

    Regional Anesthesia in Patients on Anticoagulant Therapy 

 Neuraxial anesthesia is not uncommon for urological procedures. The main concern 
in patients is increased risk of spinal or epidural hematoma. The risk of hematoma 
depends on the type and combination of the anticoagulant agents as well as patient’s 
medical status. 

 Aspirin and NSAIDs in regular doses without the concurrent use of other anti-
clotting drugs have not been shown to increase the risk of spinal or epidural hema-
toma with neuraxial anesthesia. However, it is recommended that clopidogrel be 
ceased 7 days prior to regional anesthesia [ 54 ]. Epidural catheters should be removed 
prior to restarting antiplatelet agents.  

    New Antiplatelet Drugs 

 Cangrelor and ticagrelor are new reversible ADP receptor antagonists. They are not 
prodrugs and hence less susceptible to drug interaction. Upon cessation of cangre-
lor, platelet function is restored within 60 min. The short onset and offset of action 
may have a role in the future management of antiplatelet therapy [ 55 ].  

    Conclusions 

 Due to the increasing number of patients on antiplatelet therapy presenting for 
urological procedures, evidence-based protocols for the management of antiplate-
let therapy become necessary. Maintenance of dual antiplatelet therapy remains 
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the mainstay of stent thrombosis (ST) prevention. Careful consideration should be 
given in balancing the risk of stent thrombosis and risk of major bleeding. In cases 
with an elevated risk of bleeding, maintaining short-term single antiplatelet ther-
apy with aspirin is associated with low risk of stent thrombosis. Ideally, a multi-
disciplinary approach with the involvement of all members of the healthcare team 
is necessary to ensure optimal perioperative care for patients on antiplatelet ther-
apy. More research is required in view of the role of the newer shorter-acting 
antiplatelet agents.      

   References 

    1.    You JJ, Singer DE, Howard PA, et al. Antithrombotic therapy of atrial fi brillation: antithrom-
botic therapy and prevention of thrombosis 9th ed: American College of chest physicians 
evidence- based clinical practice guidelines. Chest. 2012;141:531–79.  

    2.    Hirsh J, Fuster V, Ansell J, et al. American Heart Association/American College of Cardiology 
Foundation guide to anticoagulation therapy. Circulation. 2003;107:1692–711.  

    3.    Aithal GP, Day CP, Kesteven PJ, et al. Association of polymorphisms in the cytochrome P450 
CYP2C9 with warfarin dose requirement and risk of bleeding complications. Lancet. 
1999;353:717–9.  

    4.    Hylek EM, et al. Acetaminophen and other risk factors for excessive warfarin anticoagulation. 
JAMA. 1998;279:657–62.  

    5.    Bommer WJ. Current and future alternatives to warfarin for the prevention of stroke in atrial 
fi brillation. Crit Pathw Cardiol. 2012;11(2):45–54.  

    6.    Hylek EM, Evans-Molina C, Shea C, et al. Major hemorrhage and tolerability of warfarin in 
the fi rst year of therapy among elderly patients with atrial fi brillation. Circulation. 
2007;115:2689–96.  

      7.    Kearon C, Hirsh J. Management of anticoagulation before and after elective surgery. N Engl J 
Med. 1997;336:1506–11.  

    8.   Douketis JD, Berger PB, Dunn AS, Jaffer AK, Spyropoulos AC, Becker RC, Ansell J. The 
perioperative management of antithrombotic therapy: American College of Chest Physicians 
evidence-based clinical practice guidelines 8th ed. American College of Chest Physicians. 
Chest. 2008;133:299.  

    9.    Horlocker TT, Wedel DJ, Rowlingson JC, et al. Regional anesthesia in the patient receiving 
antithrombotic or thrombolytic therapy. Reg Anesth Pain Med. 2010;35:65–101.  

    10.    Ansell J, Hirsh J, Poller L, Bussey H, Jacobson A, Hylek E. The pharmacology and manage-
ment of the vitamin K antagonists: the seventh ACCP conference on antithrombotic and 
thrombolytic therapy. Chest. 2004;126:204s.  

    11.    Garcia DA, Regan S, Henault LE, Upadhyay A, Baker J, Othman M, Hylek EM. Risk of 
thromboembolism with short term interruption of warfarin therapy. Arch Intern Med. 
2008;168:63–9.  

    12.    Wysokinski WE, McBane RD, Daniels PR, Scott LC, Hodge DO, Dowling NF, Hett JA. 
Periprocedural anticoagulation management of patients with nonvalvular atrial fi brillation. 
Mayo Clin Proc. 2008;83:639–45.  

    13.   Douketis JD, Spyropoulos AC, et al. Perioperative management of antithrombotic therapy: 
antithrombotic therapy and prevention of thrombosis. 9th ed: American Chest Physicians 
evidence-based clinical practice guidelines. Chest. 2012;141:326–50. Huo MH, Spyropoulos 
AC. The eighth American college of chest physicians guidelines on venous thromboembo-
lism prevention: implications for hospital prophylaxis strategies. J Thromb Thrombolysis 
2011;31:196–208.  

D.Z. Kagalwala et al.



287

    14.   Eriksson Bl, Bauer KA, Lassen MR, et al. Fondaparinux compared with enoxaparin for the 
prevention of venous thromboembolism after hip-fracture surgery. N Engl Jor Med. 2001; 
345:1298. Bauer KA, Eriksson Bl, Lassen MR mR, et al. Fondaparinux compared with enoxa-
parin for the prevention of venous thromboembolism after elective major knee surgery. N Engl 
J Med 2001; 345:1305.  

    15.    Turpie AG, Bauer K, Eriksson B, Lassen MR. Fondaparinux vs enoxaparin for the prevention 
of venous thromboembolism in major orthopedic surgery: a meta-analysis of 4 randomized 
double blinded studies. Arch Intern Med. 2002;162:1833.  

    16.    Eikelboom JW, Quinlan DJ, O’donnell M. Major bleeding, mortality, and effi cacy of 
fondaparinux in venous thromboembolism prevention trials. Circulation. 2009;120:2006.  

    17.    Agnelli G, Bergqvist D, Cohen AT, et al. Randomized clinical trial of postoperative 
fondaparinux versus perioperative dalteparin for prevention of venous thromboembolism in 
high-risk abdominal surgery. Br J Surg. 2005;92:1212.  

    18.    Greets WH, Bergvist D, Pineo GF, et al. Prevention of venous thromboembolism: American 
College of Chest Physicians evidence-based practice guidelines 8th edition. Chest. 2008;133:6.  

    19.    Linkins LA, Dans AL, et al. Treatment and prevention of heparin-induced thrombocytopenia: 
antithrombotic therapy and prevention of thrombosis 9th ed: American College of Chest 
Physicians evidence-based clinical practice guidelines. Chest. 2012;141:4968–5008.  

    20.    Eisert WG, Hauel N, Stangier J, Wienen W, Clemens A, van Ryn J. Dabigatran: an oral novel 
potent reversible nonpeptide inhibitor of thrombin. Arterioscler Thromb Vasc Biol. 
2010;30:1885–9.  

    21.    Stangier J, Rathgen K, Stahle H, Gansser D, Roth W. The pharmacokinetics, pharmacodynam-
ics, and tolerability of dabigatran etexilate, a new oral direct thrombin inhibitor, in healthy 
male subjects. Br J Clin Pharmocol. 2007;64:292–303.  

    22.    Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, Pogue J, Reilly PA, 
Themeles E, Varrone J, Wang S, Ailings M, The RE-LY Steering Committee and Investigators, 
et al. Dabigatran versus warfarin in patients with atrial fi brillation. N Eng J Med. 
2009;361:1139–51.  

    23.    Eikelboom JW, Wallentin L, Connolly SJ, et al. Risk of bleeding with 2 doses of dabigatran 
compared with warfarin in older and younger patients with atrial fi brillation: an analysis of the 
randomized evaluation of long-term anticoagulant therapy (RE-LY) trial. Circulation. 
2011;123:2362–72.  

    24.    Legrand M, Mateo J, Aribaud A, et al. The use of dabigatran in elderly patients. Arch Intern 
Med. 2011;171:1285–6.  

    25.    Hankey GJ, Eikelboom JW. Dabigatran etexilate: a new oral thrombin inhibitor. Circulation. 
2011;123:1436.  

    26.    Healey JS, Eikelboom J, Douketis J, et al. Periprocedural bleeding and thromboembolic events 
with dabigatran compared with warfarin: results from Randomized Evaluation of Long-Term 
Anticoagulation Therapy (RE-LY) randomized trial. Circulation. 2012;126:343.  

    27.    Steinhubl SR, Berger PB, Mann III JT, Fry ETA, DeLago A, Wilmer G, Topol RJ. For the 
CREDO Investigators. Clopidogrel for the reduction of events during observation. Early and 
sustained dual oral antiplatelet therapy following percutaneous coronary intervention: a ran-
domized controlled trial. JAMA. 2002;288:2411–20.  

     28.    Vicenzi MN, Meislitzer T, Heitzinger B, Halaj M, Fleisher LA, Metzler H. Coronary artery 
stenting and non-cardiac surgery: a prospective outcome study. Br J Anaesth. 
2006;96:686–93.  

    29.   2009 focused updates: ACC/AHA guidelines for the management of patients with ST-elevation 
myocardial infarction (updating the 2004 guideline and 2007 focused update) and ACC/
AHA/SCAI guidelines on percutaneous coronary intervention (updating the 2005 guideline 
and 2007 focused update) a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 
2009;54(23):2205–41.  

13 Management of the Urological Patient Taking Anticoagulant…



288

    30.    Eagle KA, Berger PB, Calkins H, Chaitman BR, Ewy GA, Fleischmann KE, Fleisher LA, 
Froehlich JB, Gusberg RJ, Leppo JA, Ryan T, Schlant RC, Winters Jr WL, Gibbons RJ, 
Antman EM, Alpert JS, Faxon DP, Fuster V, Gregoratos G, Jacobs AK, Hiratzka LF, Russell 
RO, Smith Jr SC. American College of Cardiology/American Heart Association Task Force on 
practice guidelines (committee to update the 1996 guidelines on perioperative cardiovascular 
evaluation for noncardiac surgery). ACC/AHA guideline update for perioperative cardiovascu-
lar evaluation for noncardiac surgery – executive summary. Circulation. 2002;105:1257–67.  

   31.    Vicenzi MN, Ribitsch D, Luha O, Klein W, Metzler H. Coronary artery stenting before non-
cardiac surgery: more threat than safety? Anesthesiology. 2001;94:367–8.  

   32.    Sharma AK, Ajani AE, Hamwi SM, Maniar P, Lakhani SV, Waksman R, Lindsay J. Major 
noncardiac surgery following coronary stenting. When is it safe to operate? Catheter Cardiovasc 
Interv. 2004;63:141–5.  

   33.    Wilson SH, Fasseas P, Orford JL, Lennon RJ, Horlocker T, Charnoff NE, Melby S, Berger BP. 
Clinical outcome of patients undergoing non-cardiac surgery in the two months following 
coronary stenting. J Am Coll Cardiol. 2003;42:234–40.  

    34.    Reddy PR, Vaitkus PT. Risks of noncardiac surgery after coronary stenting. Am J Cardiol. 
2005;95:755–7.  

    35.    Collet JP, Montalescot G. Premature withdrawal and alternative therapies to dual oral anti-
platelet therapy. Eur Heart J Suppl. 2006;8(Suppl):G46–52.  

    36.    Ong AT, Hoye A, Aoki J, van Mieghem CA, Rodriguez Granillo GA, Sonnenschein K, Regar 
E, McFadden EP, Sianos G, van der Giessen WJ, de Jaegere PP, de Feyter P, van Domburg RT, 
Serruys PW. Thirty-day incidence and six-month clinical outcome of thrombotic stent occlu-
sion after bare-metal, sirolimus, or paclitaxel stent implantation. J Am Coll Cardiol. 
2005;45:947–53.  

   37.    McFadden EP, Stabile E, Regar E, Cheneau E, Ong AT, Kinnaird T, Suddath WO, Weissman 
NJ, Torguson R, Kent KM, Pichard AD, Satler LF, Waksman R, Serruys PW. Late thrombosis 
in drug-eluting coronary stents after discontinuation of antiplatelet therapy. Lancet. 
2004;364:1519–21.  

   38.    Murphy JT, Fahy BG. Thrombosis of sirolimus-eluting coronary stent in the postanesthesia 
care unit. Anesth Analg. 2005;101:971–3.  

     39.    Brichon P-Y, Boitet P, Dujon A, Mouroux J, Peillon C, Riquet M, Velly JF, Ris HB. 
Perioperative in-stent thrombosis after lung resection performed within 3 months of coronary 
stenting. Eur J Cardiothorac Surg. 2006;30:793–6.  

   40.    Bakhru M, Saber W, Brotman D, Bhatt D, Angja A, Tillan-Martinez K, Jaffer A. Is discontinu-
ation of antiplatelet therapy after 6 months safe in patients with drug-eluting stents undergoing 
noncardiac surgery? Cleve Clin J Med. 2006;73(e-suppl 1):S23.  

    41.    Schouten O, van Domburg RT, Bax JJ, de Jaegere PJ, Dunkelgrun M, Feringa HH, Hoeks SE, 
Poldermans D. Noncardiac surgery after coronary stenting: early surgery and interruption of 
antiplatelet therapy are associated with an increase in major adverse cardiac events. J Am Coll 
Cardiol. 2007;49:122–4.  

    42.    Eikelboom JW, Hirsh J, Spencer FA. Antiplatelet drugs: antithrombotic therapy and prevention 
of thrombosis, 9th ed: American College of Chest Physicians evidence-based clinical practice 
guidelines. Chest. 2012;141(2_supp):e89S–119. doi:  10.1378/chest.11-2293    .  

     43.    Wiviott SD, Braunwald E, McCabe CH, TRITON-TIMI 38 Investigators, et al. Prasugrel ver-
sus clopidogrel in patients with acute coronary syndromes. N Engl J Med. 2007;357(20):
2001–15.  

    44.    Howard-Alpe GM, De bono J, Hudsmith L. Coronary artery stents and non-cardiac surgery. 
BJA. 2007;98(5):560–74.  

    45.    Schouten O, Bax JJ, Poldarmans D. Management of patients with cardiac stents undergoing 
noncardiac surgery. Curr Opin Aneasth. 2007;20(3):274–8.  

    46.   Daniels P, Gettman MT, crispen PL. Management of urology patients taking anticoagulant and 
antiplatelet medications. Am Urol Assoc. 2009;28:157–163.  

D.Z. Kagalwala et al.

http://dx.doi.org/10.1378/chest.11-2293


289

     47.    Ruszat R, Wyler S, Forster T, Reich O, Stief CG, Gasser TC, Sulser T, Bachmann A. Safety 
and effectiveness of photoselective vaporization of the prostate (PVP) in patients on ongoing 
oral anticoagulation. Eur Urol. 2008;54(4):893–901.  

    48.    Jaffer AK. Perioperative management of Warfarin and antiplatelet therapy. Cleave Clin J Med. 
2009;76(Supp 4):S45–52.  

    49.    Iakovou I, Schmidt T, Bonizzoni E, et al. Incidence, predictors and outcome of thrombosis 
after successful implantation of drug-eluting stents. JAMA. 2005;293:2126–30.  

    50.    Vandvik PO, Lincoff AM, Gore JM, et al. Primary and secondary prevention of cardiovascular 
disease: antithrombotic therapy and prevention of thrombosis, 9th ed: American College of 
Chest Physicians evidence-based clinical practice guidelines. Chest. 2012;141
(2_suppl):e637S–68. doi:  10.1378/chest.11-2306    .  

    51.    Kushner FG, Hand M, Smith SC, et al. 2009 focused updates: ACC/AHA guidelines for the 
management of patients with ST-elevation myocardial infarction (updating the 2004 guideline 
and 2007 focused update) and ACC/AHA/SCAI guidelines on percutaneous coronary inter-
vention (updating the 2005 guideline and 2007 focused update). A report of the American 
College of Cardiology Foundation/American Heart Association Task Force on practice guide-
lines. J Am Coll Cardiol. 2009;54(23):2205–41. doi:  10.1016/j.jacc.2009.10.015    .  

    52.    Eisenberg MJ, Richard PR, Libersan D, et al. Safety of short-term discontinuation of antiplate-
let therapy in patients with drug-eluting stents. Circulation. 2009;119:1634–42.  

    53.    Grines CL, Bonow RO, Casey DE. Prevention of premature discontinuation of dual antiplatelet 
therapy in patients with coronary artery stents: a science advisory from the American Heart 
Association, American College of Cardiology, Society for Cardiovascular Angiography and 
Interventions, American College of Surgeons, and American Dental Association, with repre-
sentation from the American College of Physicians. Circulation. 2007;115:813–8.  

    54.    Horlocker TT, Benzon HT, Brown DL. Consensus statements. Second consensus conference 
of neuraxial anesthesia and anticoagulation. Am Soc Reg Anesth Pain Med. 2002;28(3):
172–97.  

    55.    Weitz JI, Eikelboom JW, Samama MM. New antithrombotic drugs: antithrombotic therapy and 
prevention of thrombosis, 9th ed: American College of Chest Physicians evidence-based clini-
cal practice guidelines. Chest. 2012;141 Suppl 2:e120S–51. doi:  10.1378/chest.11-2294    .       

13 Management of the Urological Patient Taking Anticoagulant…

http://dx.doi.org/10.1378/chest.11-2306
http://dx.doi.org/10.1016/j.jacc.2009.10.015
http://dx.doi.org/10.1378/chest.11-2294


291D.M. Gainsburg et al. (eds.), Anesthesia for Urologic Surgery, 
DOI 10.1007/978-1-4614-7363-3_14, © Springer Science+Business Media New York 2014

           Introduction 

 A wide variety of acute and chronic pain syndromes exist with their origin in the 
tractus urogenitalis. In this view, pain in urology is often diffi cult to comprehend 
and to treat. 

 Patients consulting the urologist may suffer from acute and severe pain due to an 
acute urinary obstruction. On the other hand, chronic pain syndromes including 
neuropathic pain and chronic pelvic pain (interstitial cystitis, chronic prostatitis, 
urethritis, epididymo-orchitis) represent a challenge to the pain specialist. 
Additionally, urogenital neoplasms that frequently metastasize to bone (e.g., spine, 
pelvis, and skull) or invade/compress nerve tissue (nerve, neural plexus, spinal cord) 
may be responsible for a combination of nociceptive and neuropathic pain, resistant 
to analgesic treatment. 

 The guiding principle of pain management is to individualize the approach to 
the patient’s needs. Although pharmacological therapy is the mainstay of treating 
pain, other strategies have to be integrated during the course of the disease. Control 
of pain can be achieved using different approaches including symptom control 
(pharmacological approach), interruption of nociceptive pathways responsible for 
pain transmission to the central nervous system (interventional approach), and for 
cancer patients, anticancer therapies (treatment of the source of the pain). It is of 
utmost importance that the clinician assesses the benefi t and burden associated 
with the different regimens. The management of pain in patients should include 
reassessment of both analgesia and side effects to ensure optimal pain relief and 
quality of life.  
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    Basic Considerations 

    What Is Pain? 

 The modern theory of pain was fi rst proposed by Descartes who stated that pain 
came from an injury responsible for activation of specifi c pain receptors and fi bers 
that in turn activated impulses through a spinal system to a pain center in the brain. 
In this mind–body dichotomy (Cartesian dualism), pain and pain perception were 
only defi ned in terms of a physical process without any psychological contribution. 
Pain experience was held to be proportional to a peripheral injury without the pres-
ence of psychological factors such as attention, previous experience, and the mean-
ing of the situation [ 1 ,  2 ]. 

  The International Association for the Study of Pain  (IASP) defi nes pain as an 
unpleasant sensory and emotional experience associated with actual or potential 
tissue damage or described in terms of such damage [ 3 ]. 

 The alerting function of pain evokes protective responses (refl ex motor with-
drawal and behavioral responses) and is intended to keep tissue damage to a mini-
mum. The capacity to experience pain has a protective role. If tissue damage 
(cellular breakdown with liberation of biochemical substances) is unavoidable, a 
cascade of change occurs in the peripheral and central nervous system responsible 
for the perception of pain [ 4 ]. A distinction can be made between adaptive and mal-
adaptive pain [ 4 ]. 

 Acute pain usually occurring in response to an identifi able noxious event with 
stimulation of the nociceptive system (from the periphery through the spinal cord, 
brain stem, and thalamus to the cerebral cortex where the sensation is perceived) has 
a time-limited course during which treatment, if necessary, is aimed at correcting 
the underlying pathological process. Acute pain is useful or adaptive because it is a 
vital physiological sensation, which alerts the patient to something harmful. Pain 
alerts the individual that something in the environment needs to be avoided. 
Additionally, if tissue injury occurs (following a noxious stimulus), adaptive pain 
induces a (reversible) state of localized hypersensitivity (stimuli that would nor-
mally not cause pain now cause pain) in and around the injured area resulting in an 
avoidance of the damaged part. This adaptive, infl ammatory pain tries to aid in 
repair after tissue damage. Adaptive pain promotes healing [ 4 – 7 ].  

    What Is Suffering? 

 Pain is a complex experience entailing physiological, sensory, affective, cognitive, 
and behavioral components. Pain is always subjective; it is what the patient says it 
is (and it depends on a patient’s threshold). The fi nal individual perception of the 
intensity of pain relates to the interactions of physical, psychological, cultural, and 
spiritual factors [ 8 ]. Although control of pain is a central part of any effort to relieve 
suffering and pain and suffering are closely identifi ed, they are distinct. To defi ne 
suffering, a psychosocial perspective has been adapted in which suffering is best 
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viewed as a subjective phenomenon that can be infl uenced by biological, psycho-
logical, and social processes. The relief of suffering is only possible if the patient is 
appreciated as a person, not merely a body, and treatment is focused on the different 
sources that threaten the intactness of the person as a complex social and psycho-
logical entity. Patients can experience severe pain without suffering (e.g., child-
birth) and suffering can include physical pain but is by no means limited to it. 
Patient distress also results from other factors than pain that adds to suffering such 
as anxiety, depression, nightmares, change in body perception, and changes in pro-
fessional and social function. The differences between pain and suffering are most 
pronounced in cancer pain. Cancer is one of the medical conditions patients fear 
most: the patient and family are not only convinced that it is the beginning of the 
end and the patient will certainly die but they also fear that the patient will die in 
horrible, excruciating pain [ 9 ,  10 ]. Additionally, items such as increased depen-
dency, distress from retrospection, future concerns of separation, fear of death, or 
spiritual concerns infl uence also the patient’s well-being [ 11 ]. Addressing these 
psychosocial sources as well as the medical sources should be the primary goal of a 
pain clinic and can be achieved through a multidisciplinary approach [ 8 ].  

    Assessing Pain Intensity and Quality of Life 

 Single-item ratings of pain intensity and pain relief such as the visual analog scale 
(unidimensional) or the verbal rating scale and multiple-item assessments (multidi-
mensional) measuring not only pain intensity but also additional dimensions of the 
pain experience including emotional, affective, cognitive, and social items (quality 
of life questionnaires) are available to assess pain [ 12 ,  13 ]. 

 Ease of use (and ease of analysis) of the visual analog scale (VAS) has resulted 
in widespread adoption for measurement of pain intensity in clinical studies. 
Additionally, the VAS score for pain intensity has consistently demonstrated sensi-
tivity to changes in pain levels associated with treatment especially in acute pain 
states [ 14 – 16 ]. Although the VAS appears to be an attractive method to evaluate 
pain intensity and changes in pain, there are several limitations for this measure-
ment tool for assessing chronic pain [ 13 ]. In chronic pain syndromes the VAS has 
shown signifi cant weakness in sensibility owing to large variability between sub-
jects probably because of emotional, affective, and cognitive responses to pain 
together with behavioral and cultural biases, items that are not measured by a unidi-
mensional tool. In addition, increased age and greater amount of opioid consump-
tion have been shown to be associated with a higher failure rate of the VAS score for 
measurement of pain intensity [ 15 ,  16 ]. 

 To study the effects of both physical and nonphysical infl uences on patient well- 
being, an instrument must assess more dimensions than the intensity of pain or other 
physical symptoms [ 12 ,  17 ]. Several validated questionnaires to assess various 
dimensions of the quality of life are available including the Medical Outcomes 
Short-form Health Survey questionnaire 36 (SF36) and the European Organization 
of Research and Treatment of Cancer Core Quality of Life questionnaire (EORTC 
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QLQ-C30). Alternatively, the EuroQol instrument (EQ-5D) or the Pain Disability 
Index (PDI) can measure the impact of pain and pain treatment on the health status 
(disability). The EQ-5D has a high correlation with measures of impairment and 
disability. The PDI is a brief self-report measure of pain related disability. 

 A pain clinic has to provide both pain treatment and pain management where the 
focus may be on increasing function (disability) rather than decreasing pain inten-
sity. In this view, only measurements of pain intensity (VAS scores) are inappropri-
ate and other tools to monitor outcomes in the pain clinic (quality of life, pain-related 
disability) are mandatory [ 18 – 23 ].   

    The Pain Pathway 

 Sensory information from the periphery is transmitted to the central nervous system 
(dorsal horn of the spinal cord) via three different types of primary sensory neurons: 
Aβ-, Aδ-, and C-fi bers. These primary afferent neurons are responsible for trans-
ducing mechanical, chemical, and thermal information into electrical activity [ 24 ]. 
Nociceptive information for the viscera reaches the central nervous system along 
the sympathetic chains and pelvic parasympathetic chain. However, the density of 
visceral afferents is low compared with the skin, which can explain the poor local-
ization of noxious stimuli in the viscera (responsible for the diffuse nature of vis-
ceral pain) [ 25 ]. 

 Three types of second-order neurons can be identifi ed in the gray matter of the 
dorsal horn: non-nociceptive neurons which are not involved in the pain pathway; 
neurons which are activated exclusively by high intensity, noxious stimuli mediated 
by C- and Aδ-fi bers; and wide dynamic range neurons (WDR: dynamic response 
from innocuous to noxious stimulus intensities) which elicit action potentials fol-
lowing thermal, mechanical, and chemical stimuli mediated via both C- and Aβ- as 
well as Aδ-fi bers [ 24 ,  26 ,  27 ]. They are linked with neuronal receptor fi elds in the 
dorsal horn. These receptor fi elds elicit action potentials after being stimulated by 
an adequate number of primary afferent neurons. 

 Overlap of these receptor fi eld neurons in the dorsal horn results in expansion of 
the painful area following increase in peripheral input (i.e., noxious stimuli due to 
tissue injury). Following integration in the dorsal horn, the pain signal is conducted 
through ascending pathways to the thalamus which, in interaction with limbic cir-
cuits, plays a crucial role for the reception and processing of nociceptive informa-
tion en route to the cortex. The sensory discriminative components of pain 
(intensity, location, duration, temporal pattern, and quality of pain) are transferred 
to the somatosensory area of the postcentral, cortical gyrus. The affective–cogni-
tive component of pain (relationship between pain and mood, memory of pain, 
capacity to cope and tolerate pain) is transferred to the somatosensory area II 
 (lateral parietal cortex), the inferior parietal cortex, the anterior cingulated cortex, 
the prefrontal cortex, and the insular cortex [ 26 – 29 ]. Although several circuits 
responsible for the sensory discriminative and the affective–cognitive components 
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of pain can be distinguished, the global experience of pain, however, involves 
 complex interactive neural networks of cerebral structures and multiple thalamo-
corticolimbic pathways.  

    Innervation of the Urogenital System and Pathophysiology 
of Urogenital Pain 

 Before approaching therapeutic decision-making, a detailed knowledge of the 
innervation of the urogenital system is mandatory. All organs receive sympathetic, 
parasympathetic, and sensory afferent fi bers (Table  14.1 ). Sympathetic innervation 
arises from the thoracolumbar outfl ow, while parasympathetic outfl ow and somatic 
innervation originate from the sacral segments of the spinal cord. The sacral 
(somatic) and the pelvic (parasympathetic) plexus are linked, with sympathetic con-
nections from the superior and inferior hypogastric plexus. The parasympathetic 
fi bers arise from S2 to S4 to synapse with the ganglia in the pelvic plexus. The 
superior hypogastric plexus (sympathetic), situated at the sacral promontory, is the 
origin of the left and right hypogastric nerves [ 30 – 35 ].

      Kidney and Ureter 

 The only sensation that can be evoked from the ureter is pain, whereas other organs 
such as the bladder can give rise to several sensations ranging from mild fullness to 
pain. Several groups of ureteric sensory afferents can be distinguished and triggered 
by contraction and dilatation of the ureter. Pain coming from the kidney is often 
localized in the region of the costovertebral angle. Distention of the upper part of the 
ureter causes pain adjacent to the anterior superior iliac spine. Pain coming from the 
distal part is localized in the suprapubic area. Pain due to a ureteral stone is often 
referred to the ipsilateral groin, scrotal or labial skin, or medial thigh. Hyperalgesia 
may be present in the T10 to L1 dermatomes. Understanding of the ureteral function 
and physiology is mandatory for developing new drugs, for example, in renal colic 
(Fig.  14.1 ).

       Urinary Bladder 

 Two distinct groups of sensory afferent fi bers capable of signaling noxious stimuli 
have been identifi ed in the urinary bladder. Graded distension of the healthy urinary 
bladder in humans initially gives rise to a sensation of fullness and eventually pain 
(in the suprapubic region) as volume increases and intravesical pressure exceeds 
about 25–35 mmHg [ 18 – 20 ]. In the infl amed bladder, the sensations during bladder 
emptying become unpleasant and painful. Uninhibited bladder contractions may be 
interpreted as bladder pain or spasm.  

14 Pain in Urology: The Good, the Bad, and the Ugly



296

    Prostate 

 Prostate pain may be accompanied by sensations of rectal discomfort, tenesmus, 
and perineal pain. Disorders of the seminal vesicles (often associated with prostate 
disease) cause pain in the lateral lower abdominal region or groin with referred pain 
to the perineum and penis.  

   Table 14.1    Review of the nerve pathways of the urogenital tract   

 Innervations  Sympathetic  Parasympathetic  Afferent sensory fi bers 
 Kidney  T8–L1 preganglionic 

fi bers 
 Coming from the 
vagus nerves 

 Spinal root ganglia 
T10-T11-T12 

 Ureter: upper 
part 

 Celiac and aorticorenal 
ganglia 

 Nerve fi bers 
transverse the 
celiac plexus 

 Transverse paravertebral 
sympathetic ganglia 

 Lesser and least 
splanchnic nerves 

  

 Ureter: lower 
part 

 L1–L2 preganglionic 
fi bers 

 Coming from 
S2 to S4 

 Dorsal spinal root 
gangliaT12 and L1 

 Paravertebral 
sympathetic chain 

 Nervi erigentes 

 Superior hypogastric 
plexus 

 Inferior hypogastric 
plexus 

 Urinary 
bladder 

 T12–L1–L2 
preganglionic fi bers 

 S2–S4  T11–L1 

 Paravertebral 
sympathetic ganglia 

 Nervi erigentes  Accompany both the 
sympathetic and 
parasympathetic efferent 
pathways 

 Hypogastric plexus  Nervus pudendus 
 Urethra   Male: prostatic and cavernous plexuses (contain sympathetic, 

parasympathetic, and afferent sensory fi bers) – nervus pudendus 
 Female: vaginal plexus (contain sympathetic, parasympathetic, and afferent 
sensory fi bers) – nervus pudendus 

 Male genitalia 
(testes) 

 Renal plexus and intermesenteric nerve 
fi bers in the region from T12 to L2 

 No somatic innervation 

 Prostate gland  Prostatic plexus contain sympathetic and 
parasympathetic nerve fi bers 

 Spinal root ganglia T10 

 Scrotum  Nervus ilioinguinalis 
 Genital branch of the nervus 
genitofemoralis (L1–L2) 
 Nervus pudendus 

 Penis  From the sacral spinal cord (S2–S4) 
via the hypogastric plexus 

 Branches from the pudendal 
nerve (S2–S4) 
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    Scrotum and Penis 

 Testicular pain may be experienced in the groin or the lower abdomen. Scrotal pain 
may mimic renal colic. Pain in the scrotal region may be referred pain coming from 
the ureter or the bladder. Pain of the penis (skin or corporal bodies) is transmitted 
directly to the nerve roots of S2–S4. 

 In summary, pain from the urogenital region may often be diffi cult to compre-
hend because referred pain (pain from the bladder is frequently referred to the blad-
der and patients with fl ank pain may experience a disorder of the genitalia) is the 
most common pain experienced in the urogenital system.  

Celiac
ganglia

Left aortico-
renal
ganglion

Aortic
plexus

Superior
hypogastric
plexus

Sacral
sympathetic
splanchnic n.

Left vagus n.
T10

T11

T12

L1

L2

S2

Kidney

Ureter

Bladder

Hypogastric n.

Inferior hypogastric
(pelvic) plexus

S3

S4

  Fig. 14.1    Urogenital 
innervation       
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    Chronic Pelvic Pain Syndromes 

 The most common defi nition for chronic pelvic pain is nonmalignant pain perceived 
in structures related to the pelvis, constant or recurring over a period of more than 6 
months [ 36 – 43 ]. 

 Pain perceived within the pelvis may arise from a range of different mechanisms, 
many of which remain poorly understood. The relationship between pain and an 
underlying pathology which explain it is not always simple. Many patients referred 
to a urologist complain about a mixture of symptoms regarding the pelvic area, and 
the clinician is often confronted with a considerable overlap of pelvic pain, voiding 
symptoms, sexual dysfunction, and presence of infection. 

 Sources of pain may be located in the reproductive urinary, or gastrointestinal 
tract, the central nervous system, or in musculoskeletal structures. Additionally, 
psychological factors may play a part in the development or maintenance of persis-
tent pelvic pain. Pain may disrupt daily life and cause distress including altered 
emotional well-being (anxiety, depression), changes in body perception, changes in 
professional and social function, increased dependency, and distress from retrospec-
tion. These issues may have a profound adverse impact on the patient’s quality of 
life. In this view, adequate treatment of chronic pelvic should target the complex 
and interwoven relationship between pain, physical deteriorations, and psychoso-
cial distress. 

 Poor understanding of pathogenesis of chronic pelvic pain and lack of consensus 
of the defi nition of chronic pelvic pain and universally accepted diagnostic criteria 
for some clinical conditions greatly hinder diagnosis and may lead to false interpre-
tation of the symptoms and consecutively to inappropriate therapy. In this view, a 
classifi cation system has been proposed by the European Association of Urology to 
guide the clinician through the process from diagnosis to evidence-based manage-
ment of chronic pelvic pain. A keynote in this classifi cation is to make clear that 
patients may experience signifi cant pain without fi nding (matching) pathologic 
changes. 

 Chronic pelvic pain syndromes include prostate pain syndrome (chronic prosta-
titis, prostadynia), bladder pain syndrome (interstitial cystitis), scrotal pain syn-
drome, urethral pain syndrome, pelvic pain syndromes of gynecological origin 
(endometriosis, dysmenorrhea, vaginal or vulvar pain syndromes), neurogenic pain 
conditions (conus or sacral root pathology, pudendal nerve entrapment), pelvic fl oor 
function and dysfunction (myofascial trigger points), and pain from anorectal origin 
(proctitis, anal fi ssure) (Table  14.2 ).

   The general principles in the approach to patients with chronic pelvic pain are 
fairly simple. Validated questionnaires to assess and quantify the symptoms are 
mandatory. Basic investigations should be performed to rule out well-defi ned and 
treatable pathologies. In the absence of abnormal fi ndings and the lack of evi-
dence of infectious, allergic, or oncologic causes, it is unlikely that the patients 
suffer from a well-defi ned illness (e.g., acute bacterial prostatitis amenable to 
antibiotics). 
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 Patients with chronic pelvic pain need a multimodal approach because many 
 factors may contribute to these pain syndromes. Besides physical signs suggesting 
a pathophysiologic (somatic) mechanism, there is strong evidence for the involve-
ment of cognitive and emotional processes in pain processing. Additionally sexual 
problems are common in patients with chronic pelvic pain. Chronic pain affects 
sexual function and sexual dysfunction may heighten anger, frustration, and depres-
sion. Furthermore, associations between sexual or physical abuse and chronic pel-
vic pain in women were found in some studies. 

 Anxiety, depression, and sexual problems should be addressed in assessment and 
treatment of chronic pelvic pain. A multidisciplinary approach integrating physical 
and psychosocial interventions (psychologists and/or sexologists) has to be 
emphasized. 

 Guidelines for treatment of chronic pelvic pain are derived from the general 
chronic pain literature and include pharmacological (the three-step analgesic ladder 
as proposed by the WHO, neuropathic analgesics) and sacral neuromodulation. 
Sacral neuromodulation has been shown to benefi t patients with refractory motor 
urge incontinence [ 16 ,  17 ], urinary retention, and chronic pelvic pain syndromes. 
Electrical stimulation of the S3 and S4 sacral nerves (transforaminal approach) 
seems to modulate neural refl exes of the pelvis resulting in an improvement in 
refractory urinary voiding and relief of pelvic pain [ 36 – 43 ].   

   Table 14.2    Classifi cation of chronic pelvic pain syndromes (based on the European Association 
of Urology)   

 System  End organ as pain syndrome 

 Urogenital  Bladder pain syndrome  Further diagnosis based on results 
from biopsy (cystoscopy) 

 Urethral pain syndrome  Urethritis 
 Prostate pain syndrome  Infl ammatory 

 Noninfl ammatory 
 Scrotal pain syndrome  Testicular pain syndrome 

 Epididymal pain syndrome 
 Penile pain syndrome  Post-vasectomy pain syndrome 
 Endometriosis associated pain 

 Gynecology  Vaginal pain syndrome 
 Vulvar pain syndrome  Generalized vulvar pain syndrome 

 Localized vulvar pain syndrome 
  Vestibular pain syndrome 
  Clitoral pain syndrome 

 Anorectal  Proctitis 
 Anal fi ssure 
 Hemorrhoids 

 Neuromuscular  Pudendal neuropathy 
 Sacral spinal cord pathology 
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    The Management of Acute Pain 

    The Undertreatment of Acute Pain 

 The treatment of acute pain is recognized as an important health-care issue. Despite 
this recognition and the introduction of standards and guidelines, data from around 
the world suggest that postoperative pain continues to be under managed [ 44 ]. 
Prevalence of moderate or severe pain at rest was especially high on the day of sur-
gery and on the fi rst postoperative day (30–55%) in the abdominal surgery group. In 
a random sample of adults who had undergone surgical procedures in the United 
States, approximately 80% of patients experienced acute pain after surgery. Of these 
patients, 86% had moderate to extreme pain, with more patients experiencing pain 
after discharge than before discharge [ 45 ]. Again abdominal operations were among 
the most painful procedures [ 46 ].  

    The Importance of Pain Management 

 Undertreatment of pain is considered poor medical practice that may result in many 
adverse effects. Unrelieved pain after surgery can activate efferent sympathetic 
nerves and increase heart rate, systemic vascular resistance, and circulating cate-
cholamine levels, placing patients at risk of myocardial ischemia, stroke, bleeding, 
and other complications. Enhanced sympathetic activity can also reduce gastroin-
testinal (GI) motility and contribute to ileus. Severe pain after upper abdominal and 
thoracic surgery decreases the ability to cough and reduces functional residual 
capacity, resulting in atelectasis and ventilation-perfusion abnormalities, hypox-
emia, and an increased incidence of pulmonary complications. The injury response 
also contributes to a suppression of cellular and humoral immune functions and a 
hypercoagulable state following surgery, both of which can contribute to postopera-
tive complications. Patients at greatest risk of adverse outcomes from unrelieved 
acute pain include very young or elderly patients, those with concurrent medical 
illnesses, and those undergoing major surgery [ 47 ].  

    Chronic Postsurgical Pain (CPSP) 

 Pain that persists after the surgical wound has healed is a major clinical problem. 
Acute postoperative pain is followed by persistent pain in 10–50% of individuals 
after common operations, such as groin hernia repair (10%), breast and thoracic 
surgery (20–40%), and coronary artery bypass surgery (30–50%) [ 48 ]. Surgical pro-
cedures with the greatest incidence of chronic postsurgical pain are associated with 
intentional or unintentional nerve damage. The most consistent risk factor for 
chronic postsurgical pain is the presence and/or intensity of prior pain experienced 
either preoperatively or early postoperative pain developing in the days and weeks 
after surgery [ 49 ,  50 ].  
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    Systemic Analgesic Techniques 

    Paracetamol 
 Although paracetamol (acetaminophen) is one of the world’s most widely used 
analgesics, the mechanism by which it produces its analgesic effect is largely 
unknown. Today it is assumed that paracetamol has a pharmacological mechanism 
that interacts with a variety of physiological pathways, likely within the central 
nervous system [ 51 ]. Paracetamol as a single agent is an effective analgesic for 
mild to moderate acute pain. A single dose (1,000 mg of paracetamol) provides 
effective analgesia for about half of patients with acute postoperative pain, for a 
period of about 4 h, and is associated with few, mainly mild, adverse events [ 52 ]. 
Paracetamol is also useful in the treatment of moderate to severe pain when com-
bined with other analgesics. Nonselective NSAIDs (non-steroidal anti-infl amma-
tory drugs) given in addition to paracetamol improve analgesia compared to 
paracetamol alone [ 53 ,  54 ]. Paracetamol is also an effective adjunct to opioid anal-
gesia, opioid requirements being reduced by 20 –30% when combined with a regu-
lar regimen of oral or rectal paracetamol [ 54 ]. The use of oral paracetamol in 
higher daily doses (1 g every 4 h) in addition to PCA morphine lowered pain 
scores, shortened the duration of PCA use, and improved patient satisfaction [ 55 ]. 
Paracetamol has fewer side effects than NSAIDs and can be used when the latter 
are contraindicated (e.g., patients with a history of asthma or peptic ulcers). It is 
commonly recommended that paracetamol should be used with caution or in 
reduced doses in patients with active liver disease, history of heavy alcohol intake, 
and glucose-6-phosphate dehydrogenase defi ciency.  

    Nonselective NSAIDs and Coxibs 
 The term NSAIDs is used to refer to both nonselective NSAIDs and coxibs (COX-2 
selective inhibitors). NSAIDs have a spectrum of analgesic, anti-infl ammatory, and 
antipyretic effects and are effective analgesics in a variety of acute pain states. All 
NSAIDs primarily target the synthesis of prostaglandins and are known to be 
involved in numerous physiological systems such as the regulation of vascular tone, 
platelet aggregation, protective effects on the gastric mucosa, and regulation of the 
infl ammatory cascade and renal perfusion. Cyclooxygenase (COX) is the enzyme 
responsible for the synthesis of prostaglandins, thromboxane, and leukotrienes by 
conversion of arachidonic acid. Cyclooxygenase is known to be present in at least 
two isomeric forms (COX-1 and COX-2) with different physiological effects. 
COX-1 is a constitutive enzyme (i.e., “daily household”) and is involved in the pro-
duction of “physiological” prostaglandins. COX-2 is classically described as induc-
ible and is expressed in infl amed/traumatized tissues but is lacking in others (e.g., 
platelets) [ 56 ]. 

 Single doses of nonselective NSAIDs are effective in the treatment of moderate 
to severe pain after surgery, renal colic [ 57 ], and primary dysmenorrhea. Nonselective 
NSAIDs are integral components of multimodal and preventive analgesia [ 58 ]. 
However, while useful analgesic adjuncts, they are inadequate as the sole analgesic 
agent in the treatment of severe postoperative pain. When given in combination with 
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opioids after surgery, nonselective NSAIDs resulted in better analgesia, reduced 
opioid consumption, and a lower incidence of postoperative nausea and vomiting 
(PONV) and sedation [ 59 ]. There was no effect on pruritus, urinary retention, and 
respiratory depression [ 60 ]. The combination of nonselective NSAIDs and 
paracetamol is effective [ 53 ]. Current evidence suggests that a combination of 
paracetamol and an NSAID may offer superior analgesia compared with either drug 
alone [ 61 ]. Coxibs are as effective as nonselective NSAIDs in the management of 
postoperative pain [ 62 ]. Preoperative coxibs reduced postoperative pain and opioid 
consumption and increased patient satisfaction [ 63 ]. 

   Adverse Effects 
 Although very effective, adverse effects of nonselective NSAIDs are signifi cant 
and may limit their use. In the perioperative period the main concerns are renal 
impairment, interference with platelet function, wound and bone healing, and 
peptic ulceration or bronchospasm in individuals at risk. In general, the risk and 
severity of nonselective NSAID-associated side effects are increased in elderly 
people [ 64 ]. Although the adverse renal effects of chronic nonselective NSAIDs 
and coxibs are common and well recognized, NSAIDs only cause a clinically 
unimportant transient reduction in renal function in the early postoperative period 
in patients with normal preoperative renal function. The risk of adverse renal 
effects of nonselective NSAIDs and coxibs, however, is increased in the presence 
of factors such as preexisting renal impairment, hypovolemia, hypotension, and 
the use of other nephrotoxic agents and angiotensin-converting enzyme (ACE) 
inhibitors [ 65 ]. 

 Nonselective NSAIDs inhibit platelet function but the clinical effect seems to be 
limited. No surgical bleeding complications were reported with COX-2 inhibitors. 
Coxibs do not impair platelet function because platelets produce only COX-1, not 
COX-2 [ 66 ]. Nonselective NSAIDs cause gastrointestinal side effects, ranging in 
severity from mild dyspepsia to gastric hemorrhage and perforation, potentially 
resulting in admission to hospital, surgery, and even death. Use of ketorolac and 
piroxicam carried the highest risk. The risk is increased with higher doses, a history 
of peptic ulceration, and use for more than 5 days and in elderly people [ 67 ]. 
Concurrent use of a proton pump inhibitor (PPI) signifi cantly reduced the incidence 
of nonselective NSAID-related peptic ulcer disease [ 68 ]. GI complications are less 
likely with the use of coxibs compared with nonselective NSAIDs; the incidence 
was lowest with celecoxib. The best gastroprotective strategy was the combination 
of a coxib and a PPI. 

 Information relating to the cardiovascular risks associated with the use of nonse-
lective NSAIDs and coxibs is derived from long-term treatment data and may not 
refl ect the risk of short-term use in the acute pain setting. The FDA concluded that 
“Short-term use of NSAIDs to relieve acute pain, particularly at low doses, does not 
appear to confer an increased risk of serious adverse cardiovascular events.” 
Cardiovascular risk needs to be taken into account when prescribing any non- 
steroidal anti-infl ammatory drugs [ 69 ].   
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    Opioids 
 Opioids are the mainstay of systemic analgesia for the treatment of moderate to 
severe acute pain. They form an essential part of a multimodal analgesia regimen. 
Although several new synthetic strong opioids have emerged in the past century, 
morphine is still the most widely used opioid throughout the world. The key prin-
ciple for safe and effective use is to titrate the dose against pain relief and to mini-
mize unwanted side effects [ 70 ]. Opioids can be administered orally, intravenously, 
subcutaneously, transdermally, epidurally, intrathecally, and intramuscularly. The 
intramuscular route however has lost favor and is less commonly used due to the 
ready availability of intravenous (IV) medications and the unnecessary pain and 
erratic absorption associated with this specifi c delivery method [ 71 ,  72 ]. Patients 
may control postoperative pain by self-administration of intravenous opioids using 
devices designed for this purpose (patient-controlled analgesia: PCA). PCA is an 
effi cacious alternative to conventional systemic analgesia for postoperative pain 
control. PCA provides better pain control and greater patient satisfaction than con-
ventional parenteral “as-needed” analgesia. Patients using PCA consumed higher 
amounts of opioids than the controls and had a higher incidence of pruritus (itching) 
but had a similar incidence of other adverse effects. Most experience exists with the 
use of morphine though all full opioid agonists given in appropriate doses produce 
the same analgesic effect and therapeutic index. Several opioids can be used in 
patient-controlled analgesia (Table  14.3 ).

     Codeine 
 Codeine is classifi ed as a weak mu-opioid receptor agonist. Its analgesic action 
depends on the metabolism of about 10% of the dose given to morphine by the 
enzyme CYP2D6. In Caucasian populations, 8–10% of people are poor metaboliz-
ers; however 3–5% are ultrarapid metabolizers [ 73 ,  74 ]. Those who are ultrarapid 
metabolizers have signifi cantly higher levels of morphine and morphine metabolites 
after the same dose of codeine [ 75 ].  

   Tramadol 
 Tramadol is commonly referred to as an atypical, centrally acting analgesic because 
of its combined effects as an opioid agonist and a serotonin and noradrenalin reup-
take inhibitor [ 74 ]. Although an effective analgesic, it may not provide adequate 
pain relief if used as the sole agent for the management of moderate to severe acute 
pain [ 76 ]. Tramadol was found to be effective in the treatment of neuropathic pain. 
The combination of tramadol with morphine is infra-additive and therefore should 
be discouraged [ 77 ]. Tramadol is metabolized by CYP2D6 (as is codeine) and the 
resultant active metabolite, O-desmethyltramadol, is a more potent mu-opioid 
receptor agonist than the parent drug [ 74 ]. Patients who are poor metabolizers may 
get less analgesic effect from tramadol. Tramadol’s adverse effect profi le differs 
from other opioids. The risk of respiratory depression is signifi cantly lower at equi-
analgesic doses, and it does not depress the hypoxic ventilatory response [ 78 ]. 
Signifi cant respiratory depression has only been described in patients with severe 
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renal failure, most likely due to accumulation of the metabolite O-desmethyltramadol 
[ 79 ]. In addition, tramadol has less effect on gastrointestinal motor function than 
morphine [ 80 ]. Nausea and vomiting are the most common adverse effects and 
occur at rates similar to other opioids.  

   Morphine 
 Morphine remains the most widely used opioid for the management of pain and the 
standard against which other opioids are compared. Morphine-6-glucuronide 
(M6G) and morphine-3-glucuronide (M3G), the main metabolites of morphine, are 
formed by morphine glucuronidation, primarily in the liver [ 81 ]. M6G is a mu- 
opioid receptor agonist that crosses the blood-brain barrier more slowly than mor-
phine, contributes to morphine analgesia in patients with both normal and impaired 
renal function, and has other morphine-like effects including respiratory depres-
sion; M3G has very low affi nity for opioid receptors, has no analgesic activity, and 
animal studies have shown that it may be responsible for the neurotoxic symptoms 
(not mediated via opioid receptors), such as hyperalgesia, allodynia, and myoclo-
nus, sometimes associated with high doses of morphine [ 82 ]. Both M6G and M3G 
depend on renal excretion. Impaired renal function, the oral route of administration 
(fi rst pass metabolism), higher doses, and increased patient age are predictors of 
higher M3G and M6G concentrations [ 83 ] with the potential risk of severe long- 
lasting sedation and respiratory depression.  

   Fentanyl 
 Fentanyl is a highly potent phenylpiperidine derivative, structurally related to pethi-
dine (Demerol). It is metabolized almost exclusively in the liver to minimally active 
metabolites. Less than 10% of unmetabolized fentanyl is renally excreted. Fentanyl 
is commonly used in the treatment of acute pain, especially when its lack of active 
metabolites and fast onset of action may be of clinical benefi t [ 84 ].  

   Buprenorphine 
 Buprenorphine is a synthetic partial mu-opioid receptor agonist and kappa-opioid 
receptor antagonist with high receptor affi nity and slow dissociation from the mu- 
receptor. Mean terminal half-lives are 24 h following sublingual administration and 
2–3 h after parenteral injection; two-thirds of the drug is excreted unchanged, mainly 
in feces, while the remaining one-third is metabolized predominantly in the liver and 
gut wall via glucuronidation to an inactive metabolite, buprenorphine-3- glucuronide, 
and via CYP3A4 to norbuprenorphine, which has 40 times less analgesic effect than 

   Table 14.3    Typical PCA dosing schedule   

 Drug (concentration)  Bolus size  Lockout interval (min)  Continuous infusion 
 Morphine (1 mg/mL)  0.5–2.5 mg  5–10  0.01–0.03 mg/kg/h 
 Fentanyl (0.01 mg/mL)  10–20 μg  5–10  0.5–0.1 μg/kg/h 
 Pethidine (10 mg/mL)  5–25 mg  5–10  – 
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buprenorphine [ 84 ]. Maximum onset of effect is slower than for other opioids making 
acute titration diffi cult. In clinically relevant doses, buprenorphine appears to behave 
like a full mu-opioid receptor agonist, and in animals as well as humans in low doses 
(i.e., transdermal buprenorphine), there also appears to be no antagonism of other 
concurrently administered mu-agonist drugs. Contrary to earlier concerns, there was 
a ceiling effect found for respiratory depression but not for analgesia [ 81 ]. The risk of 
respiratory depression is low compared with morphine, methadone, hydromorphone, 
and fentanyl, even in the doses used for the treatment of opioid addiction, as long as 
concurrent sedative medications are not given [ 84 ]. Should buprenorphine-induced 
respiratory depression occur, reversal is possible although higher-than-usual doses 
and a longer duration infusion of naloxone may be required [ 81 ].  

   Patient Age 
 Older surgical patients differ from younger patients in many ways, including physi-
cal status, medication use and previous pain experiences. Age-related patterns in 
pain and opioid requirements are multi-determined and the same factor may have 
different effects across age groups [ 85 ]. Age is known to be a better clinical predic-
tor of postoperative opioid requirement than patient weight, with an inverse rela-
tionship between average dose and age [ 85 ]. The decrease in opioid requirement is 
not associated with reports of increased pain. This age-related decrease in opioid 
requirement is due mainly to differences in pharmacodynamics or brain penetration 
rather than systemic pharmacokinetic factors [ 86 ]. Initial use of lower doses in older 
patients is suggested, but doses should be increased, in the absence of side effects, 
if analgesia is inadequate [ 87 ].  

   Adverse Effects of Opioids 
 Common adverse effects of opioids are respiratory depression, sedation, pruritus, 
nausea, vomiting, slowing of gastrointestinal function, and urinary retention. 
Combining paracetamol or NSAIDs with PCA morphine induced a signifi cant 
morphine- sparing effect [ 59 ]. 

   Respiratory Depression 
 Respiratory depression (defi ned as decreased central CO 2  responsiveness resulting 
in hypoventilation and elevated PaCO 2  levels) is thought to be the most important 
adverse effect when considering analgesic techniques. Considerable variability 
between studies in the criteria used for defi ning respiratory depression is reported. 
A review on respiratory depression after intramuscular analgesia, patient-controlled 
analgesia (PCA), and epidural analgesia after major surgery reported an overall 
mean incidence of respiratory depression of the three analgesic techniques of 0.3% 
using requirement for naloxone as an indicator. In a meta-analysis comparing PCA 
versus conventional analgesia, 19% of patients in the PCA group versus 21% of 
those in the control group reported sedation. No difference in the incidence of seda-
tion between the groups was found [ 87 ]. A respiratory depression is almost always 
preceded by sedation, the best early clinical indicator is increasing sedation although 
monitoring respiratory rate is still important.  
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   Nausea and Vomiting 
 PONV is common and related to opioid administration in a dose-dependent manner, 
although many other risk factors for PONV have also been identifi ed [ 88 ]. Drugs 
used as components of multimodal analgesia and which are opioid sparing may 
reduce PONV. Opioid sparing and a reduction in PONV have been shown with 
concurrent administration of gabapentin [ 89 ], nonselective non-steroidal anti- 
infl ammatory drugs [ 90 ], and ketamine.  

   Impairment of Gastrointestinal Motility 
 Opioids impair return of bowel function after surgery. Combining peripheral act-
ing opioid antagonists with opioids seem promising in preventing this side effect. 
A meta-analysis in patients receiving opioids for various reasons including post-
operative pain demonstrated that methylnaltrexone and alvimopan are effi cacious 
in reversing opioid-induced increased gastrointestinal transit time and constipa-
tion, and that alvimopan is safe and effi cacious in treating postoperative ileus. 
Avoiding the use of systemic opioids by regional anesthesia also reduces bowel 
dysfunction [ 90 ].     

    Regional Analgesic Techniques 

 Epidural analgesia provides excellent postoperative pain relief for extended periods 
after major surgical operations, reducing postoperative complications and the con-
sumption of opioids. Additionally, patient-controlled epidural analgesia allows indi-
vidualization of dosage, decrease in the use of drugs, and greater patient satisfaction. 
It also seems to provide better analgesia than intravenous PCA. 

 Other techniques such as local anesthetic blocks (intermittent and continuous 
infi ltration of the ilioinguinal or iliohypogastric nerves) and intraoperative wound 
infi ltration followed by continuous postoperative wound instillation using a multi- 
hole catheter can be used after urological surgical operations to supplement postop-
erative analgesia reducing consumption of systemic analgesics [ 91 – 93 ].  

    Multimodal Analgesia 

 The necessary use of analgesics comes with side effects, especially when agents are 
used in higher dosage. Combining agents with different mechanisms of action may 
have synergistic effects in preventing or treating acute pain, while lower doses of 
drugs reduce side effects [ 94 ]. A strategy that uses more than one class of analgesic 
agent is called multimodal analgesia. This technique has been advocated as a means 
to improve analgesia through either additive or synergistic effects while reducing 
opioid-related side effects. Multimodal analgesia realistically can be defi ned as a 
combination of an opioid and non-opioid analgesic, with or without a regional anes-
thetic block, typically resulting in improved analgesia with concurrent reduction in 
the incidence of some opioid-related side effects (e.g., a decrease in postoperative 
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nausea, vomiting, and sedation), presumably through an opioid sparing effect [ 95 ]. 
Perioperative, multimodal preventive analgesia regimens have been shown to pro-
tect against the development of chronic postsurgical pain and the incidence and/or 
the intensity of chronic postsurgical pain.   

    Pathophysiology of Neuropathic Pain 

 Neuropathic pain is defi ned by the IASP as “pain initiated or caused by a primary 
lesion or dysfunction of the nervous system” [ 96 ]. While this defi nition has been 
useful in distinguishing some characteristics of neuropathic and nociceptive types 
of pain, a more precise defi nition has been developed (reference): pain arising as a 
direct consequence of a lesion or disease affecting the somatosensory system. 

 Trauma to neural tissue produces abnormalities of neural function that are per-
ceived by the patient as the symptoms and signs of neuropathic pain. On examina-
tion, both negative and positive sensory symptoms may be present. Positive signs 
include pain, paresthesia, dysesthesia, hyperalgesia, and allodynia. Negative signs 
involve sensory defi cits (hypoesthesia and hypoalgesia), weakness, and refl ex 
changes. Clinically, patients may complain of spontaneous ongoing pain (stimulus- 
independent pain), which is burning with intermittent shooting or electric shock- 
like (lancinating) sensations and/or by pain hypersensitivity evoked in response to 
stimuli (stimulus evoked pain) such as hyperalgesia and allodynia [ 97 ,  98 ] 
(Table  14.4 ).

      Mechanisms of Neuropathic Pain 

 Studies in animal models describe a number of peripheral and central pathophysi-
ological processes after nerve injury that would be the basis of underlying neuro-
pathic pain mechanisms [ 26 ,  99 ]. A change in function, chemistry, and structures of 
neurons (neural plasticity) underlie the production of the altered sensitivity charac-
teristics of neuropathic pain. Peripheral sensitization acts on the nociceptors, and 
central sensitization takes place at various levels ranging from the dorsal horn to the 
brain. In addition, abnormal interactions between the sympathetic and sensory path-
ways contribute to mechanisms mediating neuropathic pain [ 100 ]. 

    Peripheral Processes in Neuropathic Pain 
 In the periphery, after an event that causes direct nerve damage, a pronounced local 
infl ammatory response ensues. Around the site of injury nocisponsive primary 
afferent neurons (PAF), damaged tissue, infi ltration of infl ammatory cells (mast 
cells, macrophages, and other immunocompetent cells), the vasculature, and sym-
pathetic terminals result in the release of an infl ammatory “soup.” Upon PAF 
injury, the density and function of ion channels alter, responsible for abnormal 
patterns of electric impulses and afferent input to the dorsal horn. Non-synaptic 
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interactions between neurons (neurons modifying activity in adjacent neurons) 
occur in the dorsal root ganglia and increase the already existing neuronal hyper-
excitability. Additionally, following nerve damage, a phenotypic switch of 
Aβ-fi bers may contribute to abnormal, pronociceptive actions following innocuous 
stimulation [ 101 ,  102 ]. 

 After peripheral nerve injury, these nerve endings may sprout with formation of 
neuromas (ectopic fi ring occurring both spontaneously and in response to stimula-
tion) [ 103 ]. In neuropathic pain, there may also be an involvement of the sympa-
thetic nervous system (sympathetic-induced pain) [ 104 ].  

    Central Processes in Neuropathic Pain 
 Under normal circumstances, a painful stimulus results in the release of excitatory 
amino acids (EAA) (glutamate, aspartate), neurotrophins, and peptides (such as 
substance P, neurokinin A, and calcitonin gene-related peptide, CGRP) from the 
central terminals of nociceptive Aδ- and C-fi bers in the dorsal horn. The EAAs 
(especially glutamate) interact with receptor subtypes (presynaptically and post-
synaptic second-order neurons) including ionotropic receptors such as AMPA 
(α-amino- 3-hydroxy-5-methyl-4-isoxazolepropionic acid), and NMDA (N-methyl-
D-aspartate) [ 102 ,  105 ]. Intensive or persistent noxious stimulation (repeated stim-
ulation) by glutamate augment activation of the NMDA receptor (key for 
longer-lasting increased excitability of dorsal horn neurons) and produces central 
sensitization. As a result, subthreshold noxious input can activate postsynaptic 
second-order neurons. Central sensitization manifests as an exaggerated or ampli-
fi ed response to noxious stimuli (hyperalgesia), a spread of pain sensitivity beyond 
the site of injury (secondary hyperalgesia), and as a reduced threshold for elicitat-
ing pain. Furthermore, C-fi ber input initiates a progressive increase in excitability 
during the course of the stimulus (windup of action potential discharge) [ 106 ]. 
Once this windup phenomenon is initiated, blockade of peripheral nociceptive 
input may not completely stop dorsal horn neurons from fi ring [ 5 ]. In response to 
peripheral nerve injury, Aβ-fi bers (normally mediating sensations of vibration and 
touch but not pain) sprout into superfi cial layers of the dorsal horn to make inap-
propriate contacts with nociponsive neurons together with an escape from inhibi-
tory interneurons and descending pathways. This rewiring may lead to the 

   Table 14.4    Symptoms and signs of neuropathic pain   

 Allodynia  Pain reported to normally nonpainful stimuli (light touch) 
 Hyperpathia  Summation of painful stimuli induces 
 Hyperalgesia  Increased response to a painful stimulus 
 Hypoalgesia  Reduced response to a painful stimulus 
 Hyperesthesia  Increased sensitivity to a stimulus 
 Hypoesthesia  Decreased sensitivity to a stimulus 
 Dysesthesia  Abnormal unpleasant sensation 
 Paresthesia  Abnormal sensation 

J.H. Vranken



309

perception of an innocuous stimulation as noxious. Hence, low-threshold mechani-
cal stimuli (light brushing of the skin) activating Aβ-fi bers may now cause neuro-
nal hyperexcitability resulting in pain (mechanical allodynia) [ 107 ]. After 
peripheral nerve injury microglia, oligodendrocytes, and astrocytes (central ner-
vous system glial cells) in the dorsal horn are activated and release proinfl amma-
tory mediators that modulate pain processing by affecting either presynaptic 
release of neurotransmitters and/or postsynaptic excitability. Activated glia 
increase the release of nociceptive neurotransmitters and increase the excitability 
of nociceptive second-order neurons creating widespread pain changes in the spi-
nal cord. Emphasizing the possible role of these cells could lead to new therapeutic 
strategies in the management of intractable neuropathic pain [ 108 ]. 

 If the train of noxious stimuli persists, changes occur in gene regulation (induc-
tion of new proteins and effects on the levels of expression of existing proteins 
including dynorphin and substance P) in central neurons providing larger and 
longer- lasting modifi cations in dorsal horn and primary afferent neurons. These, 
possible irreversible, processes of transcription-dependent central sensitization may 
induce permanent phenotypic/morphological changes responsible for the persistent 
(and partially independent of peripheral noxious input) pain in patients [ 109 ,  110 ]. 

 The NMDA receptor is responsible for both the induction, the initiation of hyper-
algesia, and the subsequent maintenance of neuropathic pain. Although excitatory 
events have been long considered as the key event in neuropathic pain, loss of spinal 
inhibitory control (diminished release of inhibitory gamma-aminobutyric-acid: 
GABA) upon PAF input into the dorsal horn amplifi es processes elicitating neuro-
nal hyperexcitability. Another major inhibitory system, next to the GABAergic sys-
tem, related to pain is opioid-receptor-mediated analgesia. In neuropathic pain, 
however, NMDA receptor activation increases excitation in the pain-transmitting 
systems. Thus, more opioids will be required for analgesia. Reducing excitations 
(NMDA antagonism) while increasing inhibition (opioids) may control neuropathic 
pain [ 106 ].  

    Descending Modulatory Pathways 
 Anatomic structures, including the periaqueductal gray area (PAG), the locus coeru-
leus, the nucleus raphe magnus, and several nuclei of the bulbar reticular formation 
give rise to descending modulatory pathways. These pathways may dampen or 
enhance the pain signal. The noradrenergic pathways, arising from the locus coeru-
leus play an antinociceptive role through activation of inhibitory dorsal horn local-
ized α2-adrenorecepotors in infl ammatory pain. The projections from the nucleus 
raphe magnus to the spinal cord are the major source of serotonin in the spinal cord. 
Although stimulation of the nucleus raphe magnus was shown to be antinociceptive 
in behavioral experiments, there is growing evidence that descending serotonergic 
pathways mediate both inhibition and enhancement of nociceptive processing in the 
dorsal horn [ 111 ]. The transmission of a pain signal from the periphery to the dorsal 
horn and supraspinal centers is a complex cascade of events. Although the transition 
from acute to chronic pain likely involves around activation of the NMDA receptor 
complex, phenotypic switches, structural reorganization in the dorsal horn, and loss 
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of inhibitory circuits seem to underlie the most severe tractable form of neuropathic 
pain. Identifi cation of molecular mechanisms of nociceptive signaling in the pri-
mary afferent neuron, the second-order neuron (dorsal horn), or beyond will provide 
a rational approach to neuropathic pain treatment and the selection of new targets 
for novel analgesic drug design [ 5 ].    

    Pain Management in Neuropathic Pain 

    Pharmacological Treatment of Neuropathic Pain 

 Numerous treatment options are available for relieving neuropathic pain [ 112 ,  113 ]. 
Opioids are recommended as initial treatment [ 114 ]. Patients experience signifi cant 
pain reduction with greater satisfaction compared with antidepressants. Although 
opioids are clearly effi cacious in the treatment of neuropathic pain, the prospect of 
commencing an analgesic whose use may be complicated by analgesic tolerance, 
withdrawal reactions after discontinuation, and always a (slight) possibility for 
addiction is not satisfactory. Beside opioids, the available therapies shown to be 
effective in managing neuropathic pain include anticonvulsants, antidepressants, 
NMDA receptors antagonists, baclofen, local anesthetics, and clonidine [ 113 ]. 

    Antidepressants 
 There is clear evidence for the effectiveness of antidepressants in the treatment of 
neuropathic pain. The primary mode of action is an interaction with pathways run-
ning through the spinal cord from serotoninergic and noradrenergic structures in the 
brain stem and midbrain. Tricyclic antidepressants (TCA) including amitriptyline, 
nortriptyline (metabolite of amitriptyline), imipramine, and desipramine (metabo-
lite of imipramine) are often the fi rst drugs selected to alleviate neuropathic pain. 
However, treatment with these analgesics may be compromised (and outweighed) 
by their side effects. TCA must be used cautiously in patients with a history of car-
diovascular disorders, glaucoma, and urine retention. In addition, combination ther-
apy with monoamine oxidase inhibitors could result in the development of serotonin 
syndrome [ 113 ]. Venlafaxine is a serotonin-norepinephrine reuptake inhibitor and 
may also be considered a suitable alternative to TCA in relieving neuropathic pain. 
Venlafaxine does not have the anticholinergic, antihistaminergic, and α1- and α2 
blocking side effects of the TCA and thus, has fewer contraindications. Duloxetine 
enhances both serotonin and norepinephrine functions in descending modulatory 
pathways. It has weak affi nity for the dopamine transporter and insignifi cant affi nity 
at several neurotransmitters including muscarinic, histamine, glutamate, and GABA 
receptors. Duloxetine has demonstrated a signifi cant pain relieving effect with a 
generally favorable side effect profi le in painful diabetic neuropathy [ 113 ]. 

 Selective serotonin reuptake inhibitors (sertraline, paroxetine, fl uoxetine, and 
citalopram) selectively inhibit the reuptake of serotonin. These antidepressants have 
a more favorable side effect profi le compared with TCA but their effectiveness in 
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managing neuropathic pain is disputed due to confl icting reports in the available 
literature (second-line pharmacological treatment). SSRI may be, at this time, more 
appropriate for the management of psychological dysfunction associated with 
severe neuropathic pain [ 113 ].  

    Anticonvulsant Medication 
 The rationale for the use of antiepileptic drugs in treating neuropathic pain is the 
reduction of neuronal hyperexcitability, one of the key processes in the development 
and maintenance of neuropathic pain [ 113 ]. Initially, carbamazepine and phenytoin 
were used for the treatment of trigeminus neuralgia. Although both drugs reduce 
neuropathic pain, side effects and a complicated pharmacokinetic profi le limit their 
use in treating neuropathic pain. Despite the introduction of newer anticonvulsants 
with a more favorable side effect profi le, carbamazepine has remained the drug of 
choice in treatment of trigeminus neuralgia. However, oxcarbazepine (10-keto ana-
log of carbamazepine), a new anticonvulsant with similar mechanism of action to 
that of carbamazepine but with a better side effect profi le may replace carbamaze-
pine [ 114 ]. 

 Gabapentin and pregabalin are emerging as fi rst-line treatment for neuropathic 
pain (reducing elements of central sensitization), especially in post zoster neuralgia 
and diabetic polyneuropathy. More recently, the combination of gabapentin with 
opioids seem to display synergistic effects in relieving neuropathic pain [ 113 ]. 
Although gabapentin was expected to act as a GABA agonist, the mechanism of 
action is likely to be mediated via binding to the α2δ-subunit of voltage-gated cal-
cium channels and inhibition of glutamate release presynaptically and postsynapti-
cally in the central nervous system. Gabapentin has a favorable safety profi le with 
minimal concern for drug interactions and no interference with hepatic enzymes. 
Renal failure, however, results in higher gabapentin concentrations and longer elim-
ination half-life making dose adjustments necessary [ 113 ]. Pregabalin (3-isobutyl 
GABA) is a structural analog of gabapentin but showed greater analgesic activity in 
rodent models of neuropathic pain than gabapentin. Recent studies confi rm the 
effectiveness of pregabalin in peripheral (including postherpetic neuralgia and dia-
betic polyneuropathy) and central neuropathic pain [ 113 ]. 

 New antiepileptic drugs have been proposed for treating neuropathic pain includ-
ing felbamate, vigabatrin, topiramate, tiagabine, levetiracetam, and zonisamide. 
Although increasing evidence suggests that these antiepileptic drugs may be useful 
in treating neuropathic pain, there is a lack of published large randomized, con-
trolled studies to determine their role in the therapeutic armamentarium against neu-
ropathic pain [ 114 ].  

    NMDA Receptor Antagonists 
 Within the dorsal horn, activation of the NMDA receptor is considered a pivotal 
event in the phenomenon of “windup” and neuronal hyperexcitability (enhancement 
and prolongation of sensory transmission) which eventually lead to allodynia and 
primary and secondary hyperalgesia. This implies that drugs, capable of modulating 
the NMDA receptor activity, may alleviate neuropathic pain [ 113 ]. Several 
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uncompetitive NMDA receptor channel antagonists including dextromethorphan, 
amantadine, memantine, and ketamine (S(+)-ketamine) have been reported to 
relieve pain in various neuropathic pain states including phantom limb pain, central 
neuropathic pain, postherpetic neuralgia, and peripheral neuropathic pain [ 113 ]. 
Subanesthetic doses of ketamine, and its active enantiomer S (+)-ketamine, given 
parenterally, neuraxially, nasally, transdermally, or orally, alleviate pain postopera-
tively and in a variety of neuropathic pain syndromes, including central pain [ 113 ]. 
Unfortunately, administration of ketamine may result in unwanted changes in mood, 
conscious perception, and intellectual performance. Additionally, psychomimetic 
side effects (including visual and auditory hallucinations, dissociation, and night-
mares) are prominent with ketamine use limiting its usefulness and widespread use 
in treating neuropathic pain [ 113 ]. The number of side effects following ketamine 
treatment seems to be infl uenced by the route of administration with suggestions 
that oral ketamine (only available in clinical trials) has a more favorable side effect 
profi le (because of the smaller plasma levels, reduced peak effects, or improved side 
effect profi le of norketamine, main metabolite with analgesic properties) [ 113 ]. 
However, several other studies reported intolerable adverse effects following oral 
ketamine limiting its clinical usefulness [ 113 ]. Thus, ketamine has analgesic prop-
erties in patients with chronic neuropathic pain. However, because of the side 
effects, ketamine has to be considered a third-line option when other standard anal-
gesic treatments are exhausted.  

    Other Drug Treatments 
 Baclofen, a muscle relaxant, exerts its analgesic effect via an agonistic effect on the 
inhibitory GABA B -receptors. Baclofen has demonstrated effi cacy in patients with 
trigeminal neuralgia but not in patients with other neuropathic pain conditions. This 
analgesic, however, has also antispasticity properties and may induce pain relief by 
relieving muscle spasms, a frequent accompaniment of acute neuropathic pain. 
Baclofen may be considered a second- or third-line agent in neuropathic pain syn-
dromes (especially in stroke spasms) [ 113 ]. 

 Clonidine, an α2-adrenoreceptor agonist, is available as a patch for transdermal 
administration and has been used in neuropathic pain states. When used topically 
it seems to enhance the release of endogenous enkephalin-like substances. Its use 
in neuropathic pain treatment, however, is focused on intrathecal or epidural 
administration, in combination with opioid and/or local anesthetics. Clonidine has 
been shown to improve pain control in combination with intrathecal opioids and/or 
local anesthetics due to a possible supra-additive effect during neuropathic pain 
treatment [ 113 ].   

    Neurosurgical Treatment of Neuropathic Pain 

 Neurosurgical interventions including ablative surgery (nerve lesioning, cordot-
omy, myelotomy, mesencephalatomy, and cingulotomy) and stimulation tech-
niques (spinal and brain stimulation) may be treatment options in patients with 
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poor pain control despite pharmacotherapy [ 115 ]. Lesions of the dorsal root entry 
zone of the spinal cord may be used for intractable pain following cervical or lum-
bar root avulsion. Unfortunately, neuropathic pain reoccurs in 60–80% of patients 
after 2 years. Therefore, this technique should be only performed in patients with 
a life expectancy of less than 2 years. Performance of a percutaneous cervical cor-
dotomy (unilateral pain below the level C5) may be performed in terminally ill 
cancer patients with neuropathic pain [ 115 ,  116 ]. Stimulation techniques such as 
spinal cord stimulation (SCS) are effective for CRPS types I and II, spinal cord 
injury, peripheral nerve injury, and postherpetic neuralgia [ 117 ]. Motor cortex 
stimulation (an electrode is placed epidurally overlying the motor cortex) could 
relieve central pain such as anesthesia dolorosa and neuropathic pain secondary to 
stroke and spinal cord injury, phantom limb, and stump pain [ 118 ]. Deep brain 
stimulation has been shown to be effective in patients with thalamus stroke syn-
dromes. Although patients suffering from intractable neuropathic pain may benefi t 
from a neurosurgical approach, these techniques play only a selective role and 
should not be considered a fi rst-line treatment in neuropathic pain conditions 
(including central neuropathic pain).   

    Pain Management in Urological Cancers 

 Cancer pain is primarily treated according the three step analgesic ladder estab-
lished by the WHO [ 119 ]. Palliative oncological therapy, adjuvant drugs, and other 
symptomatic therapeutic measures may be integrated into every analgesic step. 

    Urological Cancers 

    Prostate Cancer Patients 
 Pain in both early and advanced prostate cancer can be caused directly by the 
cancer (77%), but may be also related to the treatment [ 35 ]. Many patients are 
asymptomatic, their disease discovered on screening rectal examination. 
Management must focus on symptomatic patients with locally advanced disease 
or metastases. The overall incidence of chronic pain associated with prostate neo-
plasm patients is about 30–50%, but as patients enter the terminal phase the num-
ber rises to 90% [ 35 ]. Fifteen to twenty percent of patients present with lumbar 
spine or pelvic pain due to metastatic bone disease. Besides surgery, radiotherapy, 
chemotherapy, and radioisotopes, hormonal control therapy can be indicated in 
patients with disease progression and symptoms (development of neuropathic 
pain and severe leg swelling caused by treatment). Hormone therapy provides 
subjective and objective improvement in pain relief in 70% of cases. Pain, associ-
ated with a hormone- resistant tumor in progression, necessitates alternative thera-
peutic options [ 35 ].  
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    Urothelial Cancer 
 Urothelial cancer constitutes 5% of all urogenital tumors and fi rst appears in the 
fi fth and sixth decades of life. It’s the fourth most common cancer in men and the 
ninth in women [ 31 ]. 

 Hematuria appears in 80–90% of patients with upper tract urothelial cancer. Pain 
is usually caused by obstruction of the upper urinary tract (presenting symptom in 
around 30% of cases). Invasion of the surrounding structures by a locally advanced 
tumor (posterior abdominal wall, nerve roots, paraspinous muscles, other organs 
such as bowel, spleen, liver) causes pain in the psoas, quadratus lumborum, and 
erector spinae muscles. Back pain may be present due to involvement of the verte-
bral column [ 31 ].  

    Bladder Cancer 
 In its early stages, transitional cell cancer is typically painless. Pain occurs late in 
the disease and may be caused by obstruction of the upper urinary tract due to 
growth of the bladder tumor (hydronephrosis and consecutive fl ank pain due to 
ureteral distension); invasion of the surrounding areas by a locally advanced tumor. 
Infi ltration of the pelvic nerves causes neuropathic pain (pelvic wall, nerve roots, 
other organs such as bowel, rectum) and bone metastases. If the tumor invades adja-
cent organs (small bowel, rectum) there can be obstruction, plus visceral pain due to 
distension of hollow organs. Growing bladder tumor can cause complete bladder 
outlet obstruction with hypogastric abdominal pain from bladder distension. 
Obstruction of the lymphatic vessels by lymphadenopathy can cause lymphoedema 
of the lower limbs with pain due to distension of muscle fascia [ 35 ].  

    Renal Cell Carcinoma 
 Renal cell carcinoma (RCC) is mainly diagnosed by accident. Pain, directly related 
to the primary tumor may be provoked by stretching of the renal capsule. Other 
causes of pain are tumor infi ltration of adjacent structures (palpable mass and fl ank 
pain) and obstruction of urine outfl ow due to hemorrhage and blood clot formation. 
At diagnosis, 20–30% of patients present with metastases, and 30% of patients pri-
marily presenting with a localized kidney tumor develop metastases mainly to lung, 
bone, brain, liver, and ipsilateral or contralateral adrenergic glands during follow-
 up. Overall 50–60% of patients need treatment of pain due to metastases [ 31 ]. 

 Beside the three step analgesic ladder of the WHO, palliative measures such as 
drainage of the urinary tract (in case of obstruction due to a locally advanced kidney 
tumor) may be considered if patients are no candidates for major surgery (radical 
nephrectomy).  

    Penile Cancer 
 In Europe, penile cancer is a relatively rare disease, mostly present in older men (60 
years and older with a peak incidence around 80 years). The penile lesion itself usu-
ally alerts the patient to the presence of a penile cancer. Patients with cancer of the 
penis tend to delay seeking medical attention (embarrassment, guilt, fear, ignorance, 
and neglect). Pain can occur in both early and advanced stages. In the early stages, 
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acute pain could indicate a voiding dysfunction (infravesical obstruction). In 
advanced disease, pain is usually caused by metastases or lymph node involvement, 
especially inguinal lymph nodes. Systematic lymphadenectomy is curative in about 
50%, but permanent and disabling lymphoedema of the scrotum and lower limbs is 
a frequent complication [ 35 ,  120 ].  

    Testicular Cancer 
 Testicular malignancy (presentation between 30 and 40 years of age) is mainly diag-
nosed as an intrascrotal mass. Patients may suffer from scrotal or inguinal pain 
although patients may also complain of back or fl ank pain at fi rst presentation. 
Primary advanced tumor with pain due to bone metastases is very rare, maximally 
3% at fi rst presentation. It should be treated causally by primary chemotherapy and 
adjuvant analgesics. Orchiectomy is an effective treatment for local pain due to the 
scrotal mass [ 35 ,  121 ].   

    Pharmacological Treatment of Cancer Pain 

 In 1986, the World Health Organization (WHO) published a method for dealing 
with (cancer) pain. The core of these guidelines is a 3-step analgesic ladder which, 
depending on individual pain intensity, progresses from non-opioid analgesics to 
weak opioids and then to strong opioids [ 76 ,  119 ]. 

 Non-opioid, step 1 analgesic drugs include aspirin, acetaminophen, and non- 
steroidal anti-infl ammatory drugs (NSAIDs). 

 Step 2 weak opioids including codeine and tramadol (see above) are the next step 
in the treatment of chronic pain. 

 Step 3 strong opioids, commonly prescribed to relieve moderate to severe cancer 
pain include morphine, buprenorphine, oxycodone, fentanyl, and methadone. 
Although opioids are considered to be the mainstay in the management of cancer 
pain, their role in chronic non-cancer pain is more controversial. Opioids do not 
always provide suffi cient pain relief, and adverse effects, tolerance, and addiction 
can compromise the outcome or terminate the treatment. In a recent review, opioids 
alleviated nociceptive and neuropathic pain (chronic non-cancer pain) with a mean 
decrease in pain intensity of at least 30%. However, the impact of pain relief on 
functional status and quality of life were rather disappointing. In addition, 80% of 
patients experienced at least one side effect (the most common side effects were 
constipation, nausea, and somnolence) [ 122 ]. 

 Although morphine remains the benchmark potent opioid for severe pain, mor-
phine is far from ideal (see above) and other potent opioids with different metabo-
lism, side effect profi le, and pharmacodynamics may be considered depending the 
clinical situation. 

  Methadone  is a synthetic μ- and δ-opioid receptor agonist with N-methyl-D- 
aspartate (NMDA) receptor antagonist affi nity (similar to that of ketamine). 
Methadone is considered to be an appropriate second-line opioid with favorable 
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results in controlling pain no longer responsive to morphine. It is also the safest 
opioid in patients with renal failure. Additionally, methadone, due to its interaction 
with the NMDA receptor, may induce an analgesic effect in patients with neuro-
pathic pain. However, switching from morphine (or another opioid) to methadone 
can be diffi cult because equianalgesic dose ratio between morphine and methadone 
range from 2,5: 1 to 15: 1 (15 mg of morphine equals 1 mg of methadone) and is 
related to the previous opioid dose. Drawbacks to methadone are a long and unpre-
dictable half-life and complex pharmacokinetics [ 123 ,  124 ]. 

  Oxycodone  is a μ-opioid receptor agonist although its binding affi nity for this recep-
tor appears to be less than that of morphine or methadone. However, some animal 
studies indicate that the antinociceptive effects of oxycodone could be κ-opioid 
receptor mediated. These results are not yet confi rmed in human studies. Although 
oxycodone for treatment of severe chronic pain has equal effi cacy compared with 
morphine, treatment with oxycodone has several advantages including a higher oral 
bioavailability, fewer hallucinations, less sedation, less nausea, and less itching. 
Oxycodone does not seem to have real advantage over morphine in patients with 
renal failure. In summary, oxycodone closely resembles morphine although it is a 
valuable alternative in patients with severe side effects following treatment of mor-
phine [ 125 ,  126 ]. 

 The oral route of administration of opioids is effective and acceptable for most 
patients and remains the preferred route of administration. However, alternative 
routes (sublingual, transdermal) are available and provide clinicians with the oppor-
tunity to treat patients who cannot take oral medications because of head, neck, 
mouth, or bowel lesions [ 127 ,  128 ]. Transdermal fentanyl and buprenorphine have 
been increasingly used for the treatment of severe (cancer) pain because of the per-
ceived advantages in its side effect profi le. Comparison of transdermal fentanyl and 
buprenorphine with slow release morphine showed equivalent effi cacy in relieving 
pain. However, transdermal administration resulted in less constipation and seda-
tion than slow release morphine. 

 When patients experience either insuffi cient analgesia or problematic side effects 
following opioid administration, it is worthwhile trying another opioid. Sequential 
therapeutic trials with different opioids, opioid rotation, can be useful in identifying 
the most favorable drug (balance between analgesia and side effects). The variabil-
ity in analgesic or adverse effect response to different opioid analgesics is relatively 
common and probably is due to an incomplete cross-tolerance among opioids. 
Indications for opioid rotation include poorly controlled pain with unacceptable 
adverse effects, refractory pain, or diffi cult pain syndromes. In addition, opioid rota-
tion is also a strategy to treat opioid tolerance, i.e., reduced potency of the analgesic 
effects of opioids after repeated administration or the need for higher doses to main-
tain the same effect. Alternatively, switching the mode of administration of an opi-
oid (transdermally, rectally, nasally, parenterally, neuraxially) may also improve 
analgesia or reduce metabolite formation and toxicity due the accumulation of 
metabolites [ 129 – 131 ]. 
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    Bisphosphonates 
 Bisphosphonates provide supportive care and relieve pain in patients with bone 
metastases [ 132 ]. Treatment with bisphosphonates should be considered for treating 
refractory bone pain and preventing skeletal events in those with metastatic prostate 
neoplasm. Treatment with these analgesics in patients with metastatic prostate neo-
plasm, however, does not infl uence time of death, progression of disease, and radio-
logical and PSA response (when compared with placebo). Bisphosphonates act by 
inhibiting osteoclast activity. Zoledronic acid (4 mg intravenously over 15 min 
every 3–4 weeks) seems to be the most effective bisphosphonate for treating the 
complications of bone metastasis. Its effi cacy and safety have been established in 
three pivotal trials involving more than 3,000 patients [ 133 ]. Pamidronate and clo-
dronate seem to be less effective.   

    Chemotherapy, Radiotherapy, and the Use of Radioisotopes 

 Palliative anticancer therapies including radiotherapy and chemotherapy can be 
effective in treating the underlying cancer and subsequently the cancer-related pain. 
Radiotherapy is an indispensable modality in the palliation of cancer (relief of pain 
and improving quality of life), particularly in the management of bone metastases. 
The maximum analgesic effect of radiotherapy may not occur for 2–4 weeks follow-
ing the start of therapy. Chemotherapy can be responsible for shrinkage of tumor 
masses resulting in relief of cancer pain. However, it is important to balance the 
expected benefi ts of chemotherapy against the risks of signifi cant toxicities. In pros-
tate cancer patients with widespread axial skeletal involvement, systemically 
administered bone-seeking radioisotopes (strontium-89 chloride and samarium-
153- ethylenediaminetetramethylene phosphonic acid) reduce disease progression, 
requirement for further radiotherapy, and analgesic support [ 16 ], thus improving 
quality of life [ 134 – 136 ].  

    Surgery 

    Urogenital Procedures 
 Locally advanced primary tumors are usually managed by surgery. Debulking with 
removing of the neoplastic mass invading the surrounding tissues (e.g., cystectomy 
and urinary diversion, excision of involved bowel in occlusive intestinal syndromes, 
nephrectomy in patients with obstruction of the upper urinary tract due to renal 
neoplasm), should be emphasized and may have a positive impact on pain and may 
improve the quality of life. In this view, surgery may have a role in the relief of 
symptoms caused by specifi c problems, such as obstruction of a hollow viscus, 
unstable bony structures, and compression of neural tissues, or draining of symp-
tomatic ascites is sometimes indicated. 

 Minimal invasive procedures such as placement of a catheter, stent, or tube may 
induce pain relief following invasion of a hollow viscus: insertion of a suprapubic 
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catheter in patients with bladder outlet obstruction, insertion of nephrostomy tube in 
patients with ureteric obstruction with hydronephrosis, and advanced expansion of a 
prostate carcinoma  which is capable of obstructing the rectum (stenting of the rec-
tum, stoma surgery, or prostate surgery) or the lymph nodes (lymphoedema) [ 137 ].  

    Orthopedic and Neurosurgical Procedures 
 Orthopedic surgery and neurosurgery may have a place in palliative care of cancer 
patients with metastatic diseases. Orthopedic surgery is indicated for solitary bone 
metastases that can be resected completely, intractable bone pain, and impending or 
demonstrable pathological fracture. Internal fi xation has to be considered if more 
than 50% of the thickness of the cortex of a long bone is eroded by metastasis. In 
bone metastases with extensive soft tissue involvement and severe pain, amputation 
of a limb is sometimes required to maintain quality of life. Surgery for bone metas-
tases achieves a signifi cant decrease in pain in 89–91% of patients [ 137 ]. 
Neurosurgery may have a place in the palliation of pain derived from compression 
of the spinal cord. 

 The potential benefi ts of surgery, however, have to be weighed against the risks 
of surgery, the anticipated length of hospitalization and convalescence, and the pre-
dicted duration of benefi t. Radical surgery to excise locally advanced disease in 
patients with no evidence of metastatic spread may be palliative, and potentially 
increase the survival of some patients [ 137 ].   

    Interventional Treatment of Cancer Pain 

 In patients with intractable cancer pain who failed to response adequately to previ-
ous mentioned treatments, interventional procedures including intrathecal adminis-
tration of analgesics, peripheral nerve catheterization, and neurolytic blockades 
have to be considered. 

    Spinal Analgesia 
 The goal of spinal opioid therapy is to induce pain relief by placing a small dose of 
an opioid close to opioid receptors located at the dorsal horn of the spinal cord 
[ 138 ]. Additionally, the total dose of opioids administered can be reduced signifi -
cantly, leading to a decreased incidence of opioid-induced side effects. 

 However, spinal opioids alone do not always provide adequate analgesia. In 
those patients, the addition of a low dose of a local anesthetic (usually bupivacaine) 
may be benefi cial, particularly in patients with neuropathic pain [ 139 ]. It is impor-
tant to emphasize that intrathecally administered local anesthetics can be responsi-
ble for sensoric and motoric impairments, autonomic dysfunction, and neurotoxicity 
although these side effects rarely occur with bupivacaine doses below 45 mg/d. The 
opioid of choice for intrathecal administration is morphine, due to its hydrophilic 
nature. Compared with other opioids, morphine administered intrathecally results in 
long lasting pain relief even at higher dermatomes. In patients with intolerable 
adverse effects following administration of morphine, sufentanil is a valuable alter-
native because a maximum effect can be achieved while occupying fewer spinal 
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opioid receptors [ 140 ,  141 ]. Adjuvants such as clonidine (α2-agonist), neostigmine, 
lysine acetyl salicylate, somatostatin analogs, and ketamine have been administered 
intrathecally. Clonidine has an antinociceptive effect on the spinal transmission of 
the pain signal. Additionally, a supra-additive effect between clonidine adminis-
tered intrathecally and opioids has been observed in patients with neuropathic can-
cer pain [ 142 ]. More recently, clinical studies have suggested potent analgesia in 
neuropathic pain syndromes after epidural or spinal administration of racemic ket-
amine. Additionally, during coadministration of ketamine, the intrathecal dose of 
morphine required to control the cancer-mediated pain could be reduced. Although 
spinal analgesia can provide adequate analgesia in selected patients, the failure rate 
can be as high as 30% [ 143 ]. Poor response to spinal analgesia can be expected in 
patients suffering from incident pain on movement, pain from cutaneous ulcer-
ations, neuropathic pain, and pain associated with severe psychological factors. 
Additionally, complications such as meningitis discourage the indiscriminate use of 
spinal analgesia and should always be taken into account before this technique is 
employed [ 144 ].  

    Peripheral Nerve Catheterization in the Management of Cancer Pain 
 Tumor infi ltration or compression of a peripheral nerve or plexus can result in 
severe neuropathic pain resistant to pharmacological treatment. In these patients, 
invasive pain therapies have to be contemplated. Percutaneous cervical cordotomy 
may be indicated in patients suffering from intractable pain. Adequate pain relief 
may be achieved in 44% of the patients [ 145 ]. The irreversible character of these 
technique and the associated complications, however, compel the physician to 
exhaust all conservative methods. Before performing neuroablative procedures, 
reversible regional anesthetic techniques have to be evaluated for the management 
of neuropathic pain. 

 An approach to the management of uncontrollable neuropathic cancer pain in the 
arm or shoulder is the performance of a continuous brachial plexus block. Catheter 
techniques for peripheral nerve blocks in the management of neuropathic cancer 
pain are uncommon. Long-term pain relief may be compromised due to catheter- 
related complications such as dislocation, leakage, and infl ammation at the entry 
site. 

 Neuropathic pain due to lumbosacral plexopathy is more diffi cult to treat. 
Compared with the brachial plexus, the lumbosacral plexus is not embedded in one 
fascial sheet [ 146 ]. Subsequently, placement of a catheter along the lumbosacral 
plexus is impossible. However, other techniques have been described. In patients 
suffering from neuropathic pain due to malignant infi ltration of the psoas muscle 
and the lumbar plexus, local anesthetics administered through a psoas sheet catheter 
resulted in an effective relief of pain [ 147 ]. A successful blockade of the sacral 
nerves, however, is only possible when large volumes of injectate are administered 
which makes the psoas compartment technique unfeasible for continuous blockade 
[ 148 ]. Patients with severe neuropathic cancer pain due to infi ltration of a sacral 
nerve (single dermatome), could be effectively treated using a continuous sacral 
root nerve block. However, progressive tumor invasion with involvement of the 
whole sacral plexus can result in neuropathic pain in more than one dermatome. 
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In these patients, intrathecally administered morphine alone or in combination with 
local anesthetics can be more appropriate in controlling cancer pain. Continuous 
administration of local anesthetics along peripheral nerves can be an effective and 
practical method to relieve severe neuropathic cancer pain.  

    Neurolytic Blocks to Control Visceral Cancer Pain 
 Visceral cancer pain is primarily treated with NSAIDs and opioids. However, differ-
ent neurolytic blockades have been described to optimize palliative treatment for 
cancer in the viscera. Continuation of the pharmacological therapy, however, can be 
necessary because these patients experience frequently coexisting somatic and neu-
ropathic pain not relieved by neurolytic blockades. Different approaches to achieve 
neurolysis including the interpleural phenol block, celiac plexus block, lumbar sym-
pathectomy, hypogastric plexus block, and ganglion impar block have been described 
[ 149 – 154 ]. Interpleural phenol block can be effective in reducing visceral pain due 
to esophageal cancer. The neurolytic celiac plexus block has been used most com-
monly for the control of pain associated with pancreatic cancer, liver, gall bladder, 
ureters, and adrenals. Lumbar sympathectomy has been described for control of vis-
ceral pain originating from kidney, ureters, transverse colon, and testes. Indication 
for performance of a hypogastric block is intractable pelvic pain due to neoplastic 
disease (descending and sigmoid colon, rectum, vaginal fundus, bladder, prostate, 
prostatic urethra, testes, seminal vesicles, uterus, and ovaries). Interruption of the 
ganglion impar has been introduced to manage intractable neoplastic perineal pain of 
sympathetic origin (perineum, distal rectum and anus, distal urethra, vulva and distal 
third of vagina). Although these techniques are promising, more experience is needed 
to determine the safety and effi cacy of this approach in cancer pain management.  

   Conclusions 

 Pain relief is achieved in most cancer patients using the WHO guidelines. The most 
important defi ciency here is that this ladder does not address those patients with 
poor pain control despite optimal pharmacological treatment. The use of chroni-
cally implanted catheters at different sides for administration of analgesics in 
patients with intractable (neuropathic) cancer pain provide adequate pain relief in 
situations and has to be proposed before considering more destructive techniques 
such as percutaneous cervical cordotomy.       
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           The Use of Simulation as an Educational Tool 

 Simulation has played an ever-increasing role in medical education since the fi rst 
mannequin used to teach airway and resuscitative skills was introduced by two 
anesthesiologists, Dr. Peter Safar from the United States (Pittsburgh) and Dr. Bjorn 
Lind, a Norwegian, during the 1950s [ 1 ]. The development of new technologies and 
teaching modalities, which continues today at an accelerated pace, refl ects the 
changing world of medical education [ 2 ]. Flexibility allowing for the demonstration 
of multiple patient problems, reproducibility of content, and increasing ease of use 
has allowed this technology to gain widespread acceptance, and all anesthesiology 
residency programs in the United States now are mandated to include simulation as 
part of their curriculum. 

 Full-environment simulation (FES), which includes the patient (simulator manne-
quin), other healthcare professionals, and ancillary equipment and supplies designed 
to replicate the clinical environment, is now used to effectively replicate rare medical 
catastrophes with exacting realism [ 3 ]. Incorporating the simulated patient into a sim-
ulated operating room environment, complete with an anesthesia machine, monitors, 
and adjuncts commonly found in real scenarios, gives students the ability to suspend 
disbelief thus creating a highly effective learning environment [ 4 ]. 

 Students now have the opportunity to manage the rare and critical events associ-
ated with urologic anesthesia that they might not encounter during a 3-year resi-
dency. These sessions can be used to develop crisis resource management strategies 
so that when these events occur in actual clinical practice, the student is ready to 
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respond quickly and effectively [ 5 ]. The simulated operating room provides the 
unique opportunity not only for students to practice procedures but also allows 
 educators to stage realistic scenarios in which the principal focus can be human 
behavior and team training. Participants can be allowed to make mistakes and expe-
rience bad outcomes without harming an actual patient [ 6 ]. No healthcare profes-
sional wants to be responsible for contributing to patient harm through a bad clinical 
outcome, even in the simulated environment and especially when witnessed by 
 colleagues. Adverse outcomes have been shown to generate anxiety amongst the 
participants, increasing the effectiveness of the simulator as an educational tool [ 7 ]. 
When a simulator designed to realistically emulate human physiology and physio-
logic responses is combined with the specially designed facilities used to accom-
plish full-environment simulation and the expertise of the educators who have 
developed these highly realistic scenarios, the result is an educational experience 
unlike any other.  

    Partial Task Trainers for Regional Techniques 

 There is a strong tradition of the use of regional techniques to provide anesthesia 
for urologic procedures, and at many teaching institutions, residents may become 
facile with these techniques while rotating through the urology suite. In the past, 
students of regional anesthesia would have to learn and practice on live patients. 
The old rubric of “see one, do one, teach one” is no longer part of modern medi-
cal education as even complicated procedures can be taught in a controlled set-
ting and practiced repeatedly prior to ever laying a hand on the living patient 
[ 8 ,  9 ]. Partial task training simulators have been designed to teach lumbar punc-
ture and epidural procedures, allowing for hands-on training without the need for 
direct patient contact (Fig.  15.1 ). A variety of manufacturers have developed 
devices that allow the demonstration of epidural procedures at multiple levels 
and in many different positions. Each simulator is equipped with variations of 
reusable puncture pads designed to replicate the normal and the obese adult, as 
well as the elderly patient or patients with spinal deformities or diffi cult anat-
omy. These devices may be positioned in the “sitting” or “lateral” positions, 
allowing for the demonstration of different techniques in different positions. It is 
possible to palpate pelvic landmarks and lumbar spinous process to facilitate 
proper needle positioning and insertion. Some of the more advanced devices 
have “cerebrospinal fl uid” in situ to demonstrate a lumbar puncture, intentional 
or otherwise. Despite the obvious need to suspend disbelief when performing a 
procedure on a partial task training device, these simulators have generally been 
well received by experienced anesthesiologists, and their use in training pro-
grams is increasing [ 10 ].

   Features that increase the effectiveness of partial task training devices for edu-
cation are those that allow the learner to translate what he/she has learned in the 
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simulation lab into the clinical setting [ 11 ]. Lifelike anatomical features coupled 
with realistic tissue resistance allow the student to experience these procedures 
more realistically. In earlier devices, puncture sites remained visible on the “skin” 
so that subsequent students knew where to place the needle. Modern devices 
include skin that can quickly and easily be removed using magnetic clips or Velcro 
and contain removable transparent puncture blocks that allow the student to view 
the vertebrae, puncture sites, and the associated needle tract. Because it is often 
diffi cult for the student to conceptualize the various anatomic parts of the axial 
skeleton, having a model available for reference can be helpful for demonstration 
purposes (Fig.  15.2 ).When demonstrating proper needle placement, the use of full 
skeletal adjuncts (Fig.  15.3a ) can make visualization easier. Needle placement for 
midline lumbar (Fig.  15.3b ), paramedian lumbar (Fig.  15.3c ), and thoracic epi-
dural (Fig.  15.3d ) placement can be easier to conceptualize when fi rst demon-
strated on such a device. During proper patient position management and skin 
preparation techniques, students should be encouraged to “gown and glove” just as 
they would during the care of an actual patient in order to emphasize the need for 
following strict aseptic technique. One demonstration that is helpful involves the 
use of color sensitive dye placed on the “sterile” gloves of the student so that, post-
procedure, it is obvious which areas of the fi eld and surrounding area have actually 
been touched.

  Fig. 15.1    Partial task training simulator developed to allow students to practice spinal and 
 epidural anesthetic techniques. Device with puncture block removed ( a ) and ready for use ( b )       
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        Scenarios Specific to Urologic Surgery for Full-Environment 
Simulation 

 The current use of today’s patient simulators refl ects the time and resources avail-
able to the instructor. Some educational sessions may be as simple as a “run through” 
of a case with no intraoperative complications in which students are evaluated on 
their performance using a checklist of things that should be done, while others 
involve the entire simulation theater [ 12 ]. In the full simulation environment, which 
is true theater, an extreme level of detail is used to create emotion, confusion, and 
distraction and add that element of reality that helps to solidify the lesson [ 13 ]. 
Instead of simply completing the tasks on an anesthesia checklist, participants inter-
act with a number of actors, many of whom may be diffi cult or inappropriate, ver-
bally abusive, or unhelpful. The following scenarios illustrate some classic 
perioperative complications in urology. 

  Fig. 15.2    Cross-sectional anatomic model of the spinal canal and associated structures       
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  Fig. 15.3    Skeletal model showing natural curvature of the lumbar and thoracic spine ( a ) can be 
used to demonstrate proper needle placement for anesthesia requiring a midline lumbar ( b ), para-
median lumbar ( c ), or thoracic ( d ) approach       
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    Patient Develops Shortness of Breath After Placement 
of Regional Anesthesia 

 The choice of anesthetic in urologic surgery is often a regional technique, driven by 
the desire to provide adequate analgesia, increase patient safety, reduce unwanted 
sequelae of general anesthesia, and avoid potentially nephrotoxic drugs. While any 
of the urologic procedures can be performed under general anesthesia, and with the 
understanding that general anesthesia is always the backup plan should a regional 
technique fail, regional anesthesia with or without sedation has certain advantages. 
In this scenario, a technique commonly performed under spinal anesthesia, such as 
a transurethral resection of the prostate (TURP), in an otherwise healthy patient is 
presented to the student who must develop the anesthetic plan. Should the student 
prefer a general anesthetic, the “surgeon” can argue against this plan to persuade 
him/her towards a regional technique. In addition to providing an opportunity for a 
discussion of the advantages and disadvantages of this technique, a partial task- 
training device such as the one described above can be used to allow the student to 
practice the administration of spinal anesthesia. It is important to have the students 
describe what they are doing as they look for landmarks and place the needle in the 
‘patient’s’ back so that any corrections to base knowledge can be made in real time. 
It is also an opportunity to cover different techniques such as the paramedian 
approach. 

 An intensive discussion of proper spinal technique serves two purposes. First, it 
ensures that the student has a fi rm grasp of all aspects of the procedure and is able 
to anticipate the next step without assistance from the instructor. Allowing the stu-
dent to perform a spinal anesthetic on the partial task training device while observ-
ing sterile technique can graphically illustrate the need for prior proper planning 
when, with the needle placed fi rmly in the patient’s back, the student realizes that 
he/she has to break scrub in order to obtain required but missing or unopened equip-
ment. Secondly, and this is less obvious but important for the scenario, the discus-
sion serves as a distraction from the impending complication. 

 Presumably all goes well, and the patient begins to report the expected feelings 
of numbness and paresthesias. Placed in the lithotomy position with the drapes up, 
the surgeon starts the surgery, while the student attends to the patient and the various 
monitors. When the patient begins to complain of shortness of breath, any number 
of problems could be developing, and the student should vocalize the differential as 
he/she attempts to intervene. Is the patient hypotensive because of the spinal level? 
Is it an anxiety attack? Is the patient actually weak from a spinal level that is too 
high? The student should be given the opportunity to identify and treat the actual 
cause in real time as the scenario unfolds, providing respiratory and cardiovascular 
support as needed. Alternative beginnings to this scenario for the more advanced 
student include the failed spinal (should the block be repeated or should general 
anesthesia be an immediate choice?) or failed epidural (should the epidural catheter 
be replaced, a spinal anesthetic performed, or general anesthesia instituted?). Once 
the patient is stable, a discussion of the etiology of this phenomenon as well as the 
appropriateness of the student’s treatment plan can occur. Debriefi ng should include 
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a discussion of the relevant physiology and pharmacology as well as the “unicorns” 
such as neurally mediated syncope that most students might not get a chance to 
manage during training [ 14 ].  

    Patient Is Confused and Complaining of Chest Pain 
in the Postanesthesia Care Unit After a Transurethral 
Resection of the Prostate 

 Because of the large volume of irrigation used to clear the surgical fi eld in this 
operation, signifi cant absorption may occur. Due to the need for an irrigant with a 
low index of refraction and because electrical conduction is a problem with bal-
anced salt solutions, the isoosmotic fl uids, mannitol, glycine, or sorbitol are typi-
cally used. Absorption of large amounts of these fl uids can lead to signifi cant 
problems related to electrolyte imbalance. Hyponatremia can cause nausea and 
vomiting, hypertension, mental status changes including seizures when the sodium 
drops below 120 meq/l, and dysrhythmias or cardiovascular collapse when the level 
falls below 100 meq/l. These changes can precipitate myocardial infarction in the 
patient at risk, but in this setting, the possibility of transurethral resection of the 
prostate (TURP) syndrome complicates the matter. In this scenario, the student 
must assess the patient and quickly gather the information necessary to correctly 
diagnose the problem and then provide appropriate treatment in real time as the 
patient’s condition begins to deteriorate. 

 For this scenario, the student is covering the postanesthesia care unit (PACU) and 
is called to evaluate the patient who is just about to be discharged. The nurse has 
removed all of the monitors and taken out the intravenous line when the patient 
begins to complain of chest pain. This situation brings up multiple issues, and the 
scenario can be tailored to the skill level of the student. Provided there are no con-
traindications to regional anesthesia, such as a coagulopathy or severe valvular dis-
ease, these cases are usually done under spinal anesthesia so that the patients’ 
mental status can be monitored for mental status changes that would suggest the 
development of TURP syndrome. Here in the PACU, this patient has recovered 
from regional anesthesia, but without examining the chart, the student does not 
know this. Is it possible this case was done under general anesthesia? If so, then 
why? Does this patient have some greater risk for postoperative hemorrhage? What 
other clues might be found in the patient’s record? If the instructor wishes to steer 
the student towards any specifi c diagnosis, suggestions regarding management or 
laboratory investigations can be made by support staff such as the PACU nurse or 
surgical team member. Table  15.1  lists the current recommendations for the evalua-
tion and treatment of the patient with acute coronary syndrome. The same scenario 
can just as easily be altered to that of a pure post-procedure cardiac arrest, and at the 
very basic level provides a reasonable background to introduce advanced cardiac 
life support (ACLS) protocol as the patient may present with a number of different 
dysrhythmias [ 15 ].
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       Intraoperative Hypotension During Cystectomy 

 There are three basic types of cystectomy: simple, partial, and radical, and each is 
performed with a midline, transperitoneal incision in the supine position. Even a 
simple cystectomy can be associated with signifi cant blood loss, though this is 
much more common in the radical cystectomy, so a discussion regarding the avail-
ability of blood and blood products is appropriate. For the neophyte who is comfort-
able with concepts but who has not yet experienced the realities of clinical practice, 
this is the perfect moment to discuss factors that might delay obtaining blood for 
transfusion and emphasizing the importance of planning ahead. If this is not an elec-
tive case and blood is not available, consider waiting until it is! 

 Most anesthesiologists would choose to do this case under general anesthesia, 
though it may be reasonable to place an epidural catheter for postoperative pain 
control. In addition to standard monitors, an arterial cannula and a central venous 
line with or without a pulmonary artery catheter are usually considered, though 
recent literature has argued against the use of these monitors to guide fl uid therapy 
[ 16 ]. A case such as this allows for a discussion of the need for each of these addi-
tional monitors and the timing of their placement. Is the student cannulating the 
radial artery because of concerns regarding the hemodynamic changes or because 
large blood loss is anticipated? Should the artery be cannulated before or after 
induction? What are the complications of line placement and how can they be mini-
mized? Does this patient have signifi cant cardiac disease and require the placement 
of a pulmonary artery catheter? Is this necessary? How will this information guide 
intraoperative management? 

 In addition to creating the venue for the discussion of preinduction planning, 
some scenarios will test the mettle of even the most seasoned practitioner. Rapid 
and massive blood loss puts enormous pressure on the anesthesia team and, with the 
proper prodding from the “surgical” team, can result in chaos unless there is a 
clearly established protocol for managing signifi cant blood loss. The student should 
anticipate the need for packed red blood cells as well as fresh frozen plasma and 
platelets and inform the blood bank ahead of time. Initially, there may be a delay in 
obtaining blood for transfusion, especially if cell-saver use has not been requested 

   Table 15.1    AHA guidelines for the evaluation and treatment of 
the acute coronary syndrome   

 Correct root cause of ischemia (consider hypoxia, hypotension, 
hypercarbia, electrolyte imbalances, dysrhythmias) 
 Remember MONA(H) B 
  Morphine 
  Oxygen 
  Nitrates 
  ASA 
  Heparin 
  Beta blockers 
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by the anesthesia team and, inevitably, there is a lag in replacement. Forced to use 
pressors to maintain the patient’s blood pressure, the students will have to use their 
communication skills to reason with surgical colleagues. Can they explain what is 
going on? Can they convince the surgeons to stop what they are doing until the 
patient’s condition can be stabilized? Can the surgeons even control the bleeding? 
Once this issue has been addressed, the blood bank is able to catch up and starts 
sending units of blood and products for transfusion. Does the student remember to 
check each unit to make sure that it matches the patient’s name and date of birth? 
Perhaps there is a patient with a similar name next door, and one of the units is 
accidently switched? Administration of an incompatible unit leads to an anaphylac-
tic reaction, making a bad situation even worse. Major teaching points for this sce-
nario include a review of the institution’s massive blood loss protocol, departmental 
policies, and blood product availability. Table  15.2  lists current recommendations 
for therapy during massive blood loss.

       Increased Peak Airway Pressures During a Robotic Prostatectomy 

 Historically, the two types of prostatectomy, simple (where an incision is made 
through the bladder and the tumor is removed) and radical (where the entire prostate 
is removed using a retropubic or perineal approach), were associated with consider-
able blood loss and the need for invasive monitoring lines. The newer so-called 
robotic surgeries involve minimal blood loss but require that the patient be placed in 
the steep head-down position (Fig.  15.4 ). Depending on the type of procedure 
planned, any number of intraoperative events can be simulated. Occasionally, the 
surgeon will request the administration of indigo carmine, which can lead to false 
readings on the pulse oximeter as well as rarely, adverse reactions typifi ed by rash, 
bronchoconstriction, and hypertension [ 17 ]. In the steep Trendelenburg position, 

   Table 15.2    Recommendations for therapy during massive blood loss   

 Protocol for massive transfusion should be triggered when blood loss >1.5 L 
 Do not wait for laboratory results before starting transfusion 
 Aggressive transfusion with (RBC:FFP ratio of 6:4 or 1:1) 
 Administer 1 plateletpheresis unit for every 4–6 U of packed cells 
 Consider surgical methods of stopping bleeding 
 Consider cell salvage if available 
 Place invasive monitoring as needed 
 Repeat laboratory tests frequently throughout transfusion 
 Keep patient warm 
 Have cryoprecipitate and factor VIIa available 
 Designate one person to quantify blood loss and tally blood products 
 Good communication with blood bank is essential to ensure appropriate ratios of FFP to RBCs 
are delivered 
 Include debriefi ng after case for performance improvement 
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the inability to provide adequate breaths under positive pressure ventilation can 
represent a number of intraoperative complications.

   In this scenario, the student is faced with increasing peak airway pressures and 
must distinguish between the many possible causes and treat appropriately. 
Physical fi ndings and results of auscultation clearly depend on the underlying 
cause as determined by the instructor, so if the cause is bronchospasm, then the 

  Fig. 15.4    Full-scale high-fi delity simulator in the steep Trendelenburg position for robotic- 
assisted prostatectomy       
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patient should be wheezing, and if a rash develops, then the instructor should report 
that as soon as the student examines the skin. It helps if the mannequin can be 
placed in a steep head- down position to reinforce visually the effects of this posi-
tion on the respiratory physiology. If this is not possible, then the student must be 
asked to suspend disbelief for the moment, as the instructor reminds him/her that 
the patient is, in fact, almost standing on his/her head. Depending on the type of 
mechanical ventilator available, a more appropriate mode of ventilation may be 
chosen, followed by steps to determine the etiology. 

 When considering possible causes for the peak airway pressure increases in this 
situation, the instructor should have a list of possible causes in mind as the student 
moves through the differential diagnosis. Once a cause is ruled out through exami-
nation or intervention, the instructor should keep track of what has been established 
as the case unfolds to avoid self-contradiction. It should be remembered that an 
endotracheal tube properly placed in the supine position and tightly secured to the 
patients face can be displaced into the right mainstem bronchus. Did the student 
cannulate a central vein prior to positioning? Perhaps there is now a pneumothorax. 
On which side was the central line placed? As with any scenario designed to evalu-
ate the depth of a student’s understanding, the more realistic the data, the greater the 
experience.   

    Barriers to the Use of Simulation 

 The two main obstacles that have prevented more institutions from developing edu-
cational programs using this technology are the cost associated with establishing 
such a program and the time required for highly qualifi ed personnel to teach in this 
environment. A third potential barrier exists for programs dependent upon residents 
to complete the existing daily caseload. If residents cannot be relieved from their 
clinical duties to attend simulation-based educational offerings, then there is hardly 
a reason to develop such a program. Despite these formidable barriers, it is possible 
to develop an educational program that fi ts within the institutional budget and meets 
the educational needs of the program [ 18 ]. 

 There are currently several different manufacturers of medical simulation equip-
ment that offer a wide range of devices with a wide range of abilities over a wide 
range of costs from $40 thousand for a low-fi delity system to over $250 thousand 
for a full-featured system, but this is just for the simulator itself. The costs involved 
with creating a functional mock operating room with audiovisual equipment and 
other teaching aids can cost well over $1 million for even a small center, not includ-
ing real estate which can increase costs considerably especially in urban areas where 
space is at a premium. Annual maintenance contracts can run between $10 and $20 
thousand per unit for the higher-end devices and do not typically include the costs 
for disposable supplies or parts which require regular replacement. Given the lim-
ited resources available to most institutions, it makes sense to look very closely at 
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the equipment necessary to meet the goals of a given educational program and to 
purchase a device or devices that can be used to demonstrate the desired clinical 
phenomena and not necessarily one with many different features that may never be 
used. While it may be nice to drive a Maserati, a Fiat will also get you to where 
you’re going, will certainly cost less, and if you’re only going across town you 
won’t even have the opportunity to take advantage of all of the features available to 
those who own the higher-end model. Another way to reduce costs is to participate 
in a program offered at a neighboring institution or to participate in an educational 
program and rent time at an existing center. As simulation becomes necessary for 
recertifi cation, this may become essential. By avoiding the high costs associated 
with purchasing and maintaining this equipment, many institutions have been able 
to meet their educational goals within budget. 

 When it comes down to it, simulation equipment is really just a tool that the 
educator uses to demonstrate clinical phenomena without the living patient. The 
bells and whistles of the high-fi delity full-immersion simulation theater serve only 
to allow learners to suspend disbelief and imagine that they are in the clinical setting 
with a live patient. This is bedside teaching at its extreme, and in this environment 
it is the educator who can make or break the lesson. For simulation to be effective, 
the person giving the lesson must be well versed in the topic as well as in the use of 
simulation as an educational tool. These people are generally attending physicians, 
though some programs have made use of well-trained resident educators. Removing 
the anesthesiologist from the operating room invariably translates into lost revenue 
and increased costs for the department. Some programs have overcome this barrier 
by offering simulation during times when the operating room schedule is light, such 
as on evenings and weekends, while others have developed fee for service educa-
tional or evaluation programs to offset the increased cost [ 19 ]. Another option is to 
provide employment for physicians who are unable to work clinically due to licens-
ing or other issues, taking advantage of their considerable knowledge base at a sig-
nifi cantly reduced cost [ 20 ].  

    Conclusions 

 Anesthetic care for urologic procedures represents a unique opportunity in medical 
education as these techniques may be applied to patients of all ages with a wide 
range of comorbidities. Often these operations are ambulatory procedures per-
formed on older patients, some with severe systemic disease, but infants and older 
pediatric patients may also require anesthesia. The student of anesthesia learning to 
care for patients undergoing these types of procedures must become facile with a 
number of regional techniques involving the widest range of patient ages, from 
infant to the elderly, some with severe systemic disease, and many often requiring 
intraoperative critical care and direct postoperative admission to the surgical inten-
sive care unit.     
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           Introduction 

 Extreme position changes, electrolyte changes, presence of comorbidities such as 
obstructive sleep apnea, long and complex surgeries, bleeding risks, and an elderly 
population combine together to increase the risk of perioperative complications dur-
ing urologic procedures. Not uncommonly these complications may be rightly or 
wrongly interpreted as malpractice, and the case becomes entrenched in the medi-
colegal system. Understanding this system and developing strategies to avoid poor 
or even catastrophic outcomes are essential to the entire urologic team.  

    Malpractice Risk 

 The “business” of medical malpractice has been around for more than 150 years. 
But for thousands of years before that, lawyers have governed medical practice and 
its consequences. The Code of Hammurabi is a well-preserved Babylonian law 
code, dating back to about 1772 B.C. It is one of the oldest deciphered writings of 
signifi cant length in the world, enacted by the sixth Babylonian king, Hammurabi. 
The Code consists of 282 laws, with scaled punishments, adjusting “an eye for an 
eye, a tooth for a tooth” (lex talionis) as graded depending on social status, of slave 
versus freeman [ 1 ]. Nearly one-half of the Code deals with matters of contract, 
establishing, for example, the wages to be paid to an ox driver or a surgeon. In laws 
215–223, the rewards and punishments for surgeons are made clear. “If a physician 
make a large incision with an operating knife and cure it, or if he open a tumor (over 
the eye) with an operating knife, and saves the eye, he shall receive 10 shekels in 
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money.” This sum decreased to fi ve shekels if the patient was the son of a plebian 
and to two shekels if the patient was a slave (fee to be paid by the owner). But “if a 
physician make a large incision with the operating knife, and kill him, or open a 
tumor with the operating knife, and cut out the eye, his hands shall be cut off.” If he 
killed a slave, then he had to replace him. Broken bones and soft tissue injury repair 
were to be compensated with fi ve shekels. (The Code of Hammurabi Trans LW 
King Yale Law School accessed January 31, 2010 at   http://Avalon.lawyale.edu/
ancient/hamframe.asp.    ) 

 Simply typing “medical malpractice” to the internet yields some 25.5 million 
results (January 2012). The number drops to 3.45 million when “anesthesia” is 
added. The vast majority of these links are to lawyers and their practices. However, 
according to the American Society of Anesthesiologists (ASA) Closed Claims 
Project, approximately 60,000 medical malpractice claims are ongoing at any one 
time in the United States, representing about 10% of the physician population, 
although exact data are lacking on the proportion of physicians who face malprac-
tice claims annually, the size of the claims and the risk according to specialty. The 
most recent review covered 25 specialties insured by a large professional liability 
carrier (233,738 physician years of coverage). The authors analyzed malpractice 
data from 1991 to 2005 [ 2 ]. For each year of the study, 7.4% of physicians had a 
malpractice claim and 1.6% had a claim leading to a payout. In other words, 78% of 
claims did not result in monetary award to the claimant. Looking at specialties, 
neurosurgeons were most likely to be sued (19.1%) followed by cardiothoracic sur-
geons (18.9%), and general surgeons (15.3%). Least likely to be sued were family 
practitioners (5.2%), pediatricians (3.1%), and psychiatrists (2.6%).   The mean 
indemnity pay was about $275,000, a sum varied according to specialty (pediatrics, 
$521,000 to dermatology at $111,749). 

 Anesthesia is ranked the 12th highest of the specialties and represents about 3% 
of malpractice claims. The profi le of anesthesia liability has changed over the 
decades, including the types of anesthesia care associated with claims as well as 
events and injuries leading to claims. The most common complications during the 
period between 1990 and 2007 were death, nerve injury, and permanent brain dam-
age. The most common anesthesia-related events leading to claims were regional 
block related, respiratory, cardiovascular, and equipment related. [ 3 ] Similar fi nd-
ings (although on a smaller scale) have been reported in other countries. A Swiss 
report covering the years 1987–2008 found 171 events leading to anesthesia-related 
injuries [ 4 ]. The majority of claims (54%) related to regional anesthesia with gen-
eral anesthesia accounting for 28% and other anesthesia-related procedures for 
18%. The Swiss Society of Anaesthesiology and Reanimation judged the quality 
of care to be substandard in 55% of cases. Liability was accepted in 46%. Negative 
outcomes were death in 12% and permanent injury in 63%. An analysis of claims 
against the National Health Service in England from 1995 to 2007 found that of 
841 claims, 366 were related to regional anesthesia [ 5 ]. While half of the claims 
related to obstetrical anesthesia, 81% of the rest were related to neuraxial block. 
Cost for non-obstetric claims was 30% higher, related probably to the more severe 
outcomes. 
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 The most common reasons for anesthesia malpractice suits cited by the ASA 
Closed Claims Project are:
    1.    Dental damage   
   2.    Death   
   3.    Nerve damage   
   4.    Brain damage   
   5.    Tissue injury   
   6.    Surgical complications   
   7.    Vision loss   
   8.    Burns   
   9.    Infection   
   10.    Retained instruments     

 Similar to anesthesia, urology ranks 12th of 28 in the number of claims reported 
from more than 20 member companies of the Physician Insurers Association of 
America. Out of the 230,000 claims reported, 5,577 related to urology. Most com-
mon reasons for suits were [ 5 ]:
    1.    Improper performance   
   2.    Diagnostic errors   
   3.    Failure to monitor (malignancy of prostate, kidney, testis, and kidney in 

particular)    

     Claims and Damages 

 Claims for brain death related to anesthesia decreased between 1975 and 2000 (odds 
ratio 0.95 per year, 95% confi dence interval, 0.94–0.096;  p  ≤ 0.01) [ 6 ]. Indeed over 
20 years, anesthesia-related deaths have dropped from 1:10,000 anesthetics deliv-
ered to 1:400,000 for outpatient procedures, although the size of malpractice claims 
generally continues to rise about 4% annually [ 7 ]. The average payment grew 52% 
between 1991 and 2003. Increases are consistent with increases in the cost of health 
care. Payouts and claims made vary widely according to region and practice. For 
example, over a 10-year period, the overall incidence of malpractice claims against 
the Department of Anesthesia at the University of Chicago, an academic center, 
indicated an occurrence rate of 0.038%. This study also indicated that 23% cases 
involved regional techniques, 17% were dental injuries, but only 6% concerned air-
way problems [ 8 ]. Other studies have looked at a higher incidence of claims in 
nonoperating room situations, indicating the likelihood of more substandard care in 
these settings associated with fewer guidelines and regulations than is seen in oper-
ating rooms where the most common mechanism of injury was oxygenation/venti-
lation errors [ 9 ]. Claims associated with monitored anesthetic care tended to involve 
older and sicker patients [ 10 ]. Oversedation led to respiratory depression in obese 
patients with obstructive sleep apnea, most commonly during elective eye surgery 
(21%) or facial plastic surgery (26%) [ 11 ]. More than 40% of these claims involved 
death or permanent brain damage. As noted above, anesthesia is currently the 12th 
highest medical specialty out of 28 when it comes to the percentage of physicians in 
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the specialty that has paid claims for malpractice. System errors contributed to 30% 
of settled claims between 2004 and 2006 [ 6 ]. In departments using anesthesia infor-
mation systems (AIS), out of 41 cases fi led, 30 were dropped and 11 went to settle-
ment or litigation [ 12 ]. Of 21 respondents, 24 viewed AIS as valuable or essential 
for risk management. The electronic information management system can provide 
clear and concise information and has the potential to integrate information across 
the hospital system, improve quality of care, decrease risks, and decrease malprac-
tice claims [ 13 ]. The systems ideally documents in real time and stores an audit trail 
that time stamps events. Thus the integrity of anesthesia care teams who prospec-
tively chart document may be questioned [ 14 ]. 

 It is important to note that most medical errors are not pursued in court, and the 
majority of claims do not result in payment to the patient. A study funded by Blue 
Cross Blue Shield of Michigan examined the effects of implementing a medical 
error disclosure program [ 15 ]. For the past 12 years, the University of Michigan 
Health System has had full disclosure and offered compensation to patients for 
medical errors. After implementation, the average monthly rate of new claims 
decreased from 7.03 to 4 > 52/100,000 patient encounters (rate ratio 0.64, 95% con-
fi dence index). The average monthly rate of lawsuits decreased from 2.13 to 
0.75/100,000 patient encounters. Also the median time from claim reporting to 
resolution decreased from 1.36 to 0.95 years, and average monthly cost rates 
decreased for total liability, patient compensation, and non-compensation-related 
legal costs [ 16 ]. Thus, contrary to older beliefs, it would appear that full disclosure 
does not increase liability bit rather can decrease costs. Nevertheless, results of a 
recent questionnaire indicate that there is a wide gap between physician attitude and 
actual practice [ 17 ]. Doctors were less likely to disclose minor errors (40%) than 
major (50%) and noted that they did not disclose errors for fear of litigation (72%), 
losing patients’ trust (62%), and emotional reactions from patients and families. 
Although most physicians claimed they would disclose errors, only 17% ( n  = 8) had 
done so recently. At present direct and indirect costs of malpractice amount to 2.4% 
of the total health-care costs or about $55 billion. Small as this percentage appears 
to be, it is important to remember that, intent to sue letters usually result in a lawsuit 
unless action is taken.   

    The Medicolegal System 

 The overall injury rate in hospitals has stayed around 4%. However, only 1:8 patients 
in whom an error may have occurred fi le a claim, and often only after they have 
attempted to approach the hospital and/or physicians [ 17 ]. The next action by the 
patient is to consult an attorney. The lawyer will then consider the case and may 
immediately decide not to pursue it. Or he/she may seek the advice of an “expert” 
by initial consultation or by sharing hospital records or statements from the patient. 
This person may opine that the standard of care was met (in which case the case is 
usually discontinued unless the lawyer chooses to seek other opinions) or identify 
errors resulting in the damage implicating the anesthetic care team or other 
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health- care workers. The “expert” may write an opinion letter (differs according to 
the state) and a claim is fi led. Again, states’ laws differ regarding the statute of limi-
tations, that is, the time from the “incident” until the suit is fi led. This time also 
differs according to the age of the patient and the claimed damage. Many years may 
elapse. After a suit is fi led, discovery begins and more extensive records are 
obtained, going back for years (including all medical records of the plaintiff), and 
the depositions of many individuals sought, including anesthetic care providers 
(everyone involved in the cases, even those providing relief for only a few minutes), 
surgeons, any physicians listed as part of the patient’s care, nurses, family members, 
actuaries, and usually the patient if he/she is still alive. Lawyers and “experts” pre-
pare summaries. The insurance carrier may elect to settle the case if it appears to be 
fi nancially a better solution. However, in the United States such action means that 
the anesthesiologist’s name will be added to the National Practitioner Data Bank, 
and declaration must be made whenever hospital privileges are made or renewed. 
The decision of the insurance carrier may be appealed. After distillations have been 
made of all summaries, a judge becomes involved. Mediation is attempted and the 
case may be dismissed (summary judgment), settled, or proceeded to trial. So far 
the process has taken 1–2 years. If preparation is to be made for trial, the action is 
then continued for another 2–6 years. 

 The medicolegal system today is a business. It relates to the presence and skill of 
lawyers and does not necessarily seek the truth. Attorneys work to obtain a favor-
able outcome for their clients. Experts on both sides are paid (on average $350–600/
h): The plaintiff attorney is usually paid only if the case is settled or if the client is 
wealthy. He/she customarily receives 1/3 of the settlement plus all expenses (includ-
ing all fees to “experts,” fi ling costs, secretarial support, etc.). The insurance carrier 
pays the defense attorney and the “experts” whatever the outcome. It may therefore 
be in the interest of either side to continue the case. While awards and verdicts 
sometimes follow logical patterns, jury or anticipated jury responses do not always 
result in a clearly understandable conclusion. 

 Should a liability verdict be returned against an anesthesiologist, he or she may 
challenge the testimony of the “expert” to the American Society of Anesthesiologists 
(ASA). The organization will then appoint a 5-person panel (usually former ASA 
presidents) to review the case. The “expert” must then justify the testimony both in 
writing and often in person to the panel at his/her own expense. The panel then 
considers the evidence and decides to dismiss the complaint or sanction the “expert.” 
Sanction consists of barring from future involvement as an “expert” and denial of 
membership in the ASA [ 18 ].  

    The ASA Closed Claims Project 

 Begun in 1985 under the auspices of the Committee on Professional Liability, the 
ASA Closed Claims Project is an in-depth investigation of closed anesthesia mal-
practice claims designed to identify major areas of loss, patterns of injury, and strat-
egies for prevention [ 19 ]. Two basic aspects, damaging events and adverse outcomes, 
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characterize claims. The damaging event is the specifi c incident (e.g., extreme 
 position) that leads to an adverse outcome or injury (e.g., compartment syndrome). 
There are more adverse outcomes than damaging events, as the latter may not be 
identifi ed or may be multiple with the ability to identify the primary cause impos-
sible. Claims for dental injury, a very common and in most cases minor injury, were 
excluded. Cases in which the sequence of events and/or nature of injury could not 
be reconstructed were also excluded. Thus, in most cases, fi les have been collected 
from mishaps resulting in lawsuits, as fi les in these cases contained the most exten-
sive information. The database also contains a narrative summary of each case 
describing the sequence of events and adding pertinent information. The project 
indicated that three adverse outcomes constitute 58% of claims paid out, namely, 
death (29%), nerve damage (19%), and permanent brain injury (10%) [ 20 ]. Payout 
for permanent brain injury is the highest, ranging from $7,650 to $46,400,000. The 
profi le of anesthesia liability has changed over these three decades, including the 
types of anesthesia care associated with claims as well as events and injuries leading 
to claims. The most common complications in 1990–2007 were death (26%), nerve 
injury (22%), and permanent brain damage (9%). The most common anesthesia- 
related events leading to claims were regional block related (20%), respiratory 
(17%), cardiovascular (13%), and equipment related (10%) [ 20 ]. 

 The closed claims project has four associated registries, established in response 
to recurring claims and in an attempt to identify common causes that might be 
eliminated and thus prevent damage. They are:
    1.    Pediatric perioperative cardiac arrest (POCA) and death registry (from 1994 to 

2005 a total of 373 cases of anesthesia-related cardiac arrests were reported in 
children). Analysis of the fi rst group of 150 cases indicated medication errors 
accounted for 37% (cardiovascular depression from halothane). In the second 
group of 245 patients, medication errors fell to 18% (sevofl urane replaced halo-
thane), but cardiac arrest increased from 32% to 41% due to hypovolemia from 
blood loss. Respiratory obstruction occurred in 27% from laryngospasm [ 21 ,  22 ].   

   2.    Postoperative visual loss (POVL) registry (from 1999 to date information on 
more than 200 cases has been collected). Postoperative visual loss due to poste-
rior ischemic optic neuropathy (ION) is most likely to occur following spine 
surgery (0.2%) of complicated spine cases in the prone position [ 23 ]. While the 
precipitating cause in any one patient has not been identifi ed, after multivariate 
analysis, the risk factors for ION after spinal fusion include male (CI 95%), obe-
sity (CI 95%), Wilson frame use (CI 95%), long duration of anesthesia (CI 95%), 
large blood loss (CI 95%), and use of more crystalloid rather than colloid for 
blood replacement (CI 95%) [ 24 ]. Thus avoidance of as many of these risk fac-
tors as is feasible would seem prudent.   

   3.    Anesthesia awareness registry (about 200 potential subjects contacted the regis-
try and 41 medical records were collected) [ 25 ,  26 ]. Defi ciencies of labeling and 
vigilance were common causes for awake paralysis, whereas recall during gen-
eral anesthesia represented a more diverse group. Claims for recall during 
 general anesthesia were more likely in younger females and with nitrous-nar-
cotic-relaxant techniques.   
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   4.    Neurologic injury after non-supine shoulder surgery (NINS) registry has recently 
been established to investigate the mechanism of severe brain and spinal cord 
damage that has been reported after shoulder surgery in the sitting position [ 27 ]. 
Theories as to the etiology of these injuries include the following: (1) the loss of 
venous return and decreased cardiac output in the upright position, (2) loss of a 
compensatory sympathetic response to positional changes caused by anesthesia, 
(3) failure to correct for the difference in height between the site of blood pres-
sure measurement and the head level, (4) the use of deliberate or permissive 
hypotension, (5) dynamic vertebral artery stenosis or occlusion with rotation of 
the head, and (6) air emboli.     
 As of December 2011, there are 9,214 claims in the database. The number is 

growing at the rate of about 300/year. Almost 100 ASA members are on the active 
reviewer list. Twenty-two insurance carriers who insure 13,000 anesthesiologists 
(there are 45,000 ASA members) participate. Most cases involve healthy adults 
undergoing nonemergency surgery under general anesthesia (93% age > 16, 78% 
nonemergency, 64% ASA 1 or 2, 63% general anesthesia, 59% female) [ 28 ]. 

 At the time the project was initiated, professional liability insurance was high 
(average $36,224) and often diffi cult to obtain [ 29 ]. The intention of the closed 
claims project was to identify causes and thereby reduce the insurance problem for 
anesthesiologists, a goal that has been realized. Recently information from autopsy 
results has been included. Claims for deaths with evaluable autopsies were com-
pared with deaths without autopsy from 1990 and later taken from the ASA Closed 
Claims Project database [ 29 ]. Autopsy fi ndings were helpful for the defense in 55% 
and harmful in 27% of the claims against anesthesiologists. Two-thirds of evaluable 
claims identifi ed a signifi cant non-anesthetic contribution to death.  

    Urologic Cases 

 Claims resulting from urologic mishaps include a variety of situations, some involv-
ing only anesthetic care but many including surgical management also. While in 
some instances it is easy to determine that the problem arose from a particular sur-
gery, in most cases in is more complicated. Some of the more common situations 
include:
    1.    Failure of adequate preanesthetic evaluation   
   2.    Malpositioning resulting in compartment syndrome, skin burns, and nerve and 

soft body injuries   
   3.    Postoperative visual loss   
   4.    Loss of the airway, postoperatively and related to intraoperative position change   
   5.    Seizures   
   6.    Bleeding, especially postoperatively   
   7.    Complication related to comorbidities that may have prompted the surgery   
   8.    Long and complex surgeries   
   9.    Medication errors     

 Several possible case scenarios follow: 
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    Preanesthetic Assessment 

 Evaluation of the patient prior to anesthesia is a standard of care for all procedures 
in all settings, not only by the anesthetic care provider but also by the surgeon and 
preoperative nursing staff. Vital signs should be assessed and documented. All pro-
tocols approved by the hospital should be followed especially including 
“time-outs”. 

    Case 1 
 A 35-year-old woman, on dialysis three times a week, was on the waiting list for a 
kidney transplant. Apart from polycystic kidney disease, with which she had been 
diagnosed at age 20, she was well. Although she had been diagnosed with hyperten-
sion, it was well controlled with amlodipine. There was a strong family history of 
kidney disease and both her siblings had inherited the disorder. Her mother had 
donated a kidney to her father some 20 years before but he had not awoken from the 
surgery. He had, however, suffered from several other comorbidities including 
uncontrolled hypertension, diabetes, and obesity. She was unmarried. No other rela-
tives were available and she awaited a cadaver transplant. About 7 p.m. one evening, 
a suitable kidney became available and she was contacted. She agreed immediately 
to come to the hospital. At preoperative evaluation by the nurses and anesthesiolo-
gists, she was asked regarding the possibility of pregnancy, which she denied. As 
she was anuric, a urine test could not be done. Documentation was made of her 
statement. The kidney transplant was successful. However, she was approximately 
8 weeks pregnant and suffered a miscarriage in the early postoperative days. She 
sued, stating that had she known she was pregnant, she would have waited until the 
baby was born and then had the transplant.  

    Analysis 
 As with most cases, several factors combined to cause this complication. Failure 
by the anesthetic team to perform a blood test to confi rm or eliminate the chance 
of pregnancy, lack of documentation of the last period, and failure of the nursing 
staff and surgeon to also corroborate any of these basic fi ndings were evident. 
Recent guidelines from the ASA indicate that about 95% of health-care facilities 
require that a pregnancy test result be available prior to the induction of anesthesia 
[ 30 ]. Only 3% of ASA members felt that routine pregnancy testing in women of 
childbearing age was not indicated. The ability to perform a blood test with the 
result available within a reasonable period of time was available in this case. Also, 
the failure to enquire (and document) the timing of the last period might have 
prompted the anesthesiologist to request a blood test for pregnancy. The hospital 
and department of anesthesiology had a policy in place that stated that ALL 
women of childbearing age would have the results of a pregnancy test documented 
on the chart prior to the administration of anesthesia. Should the test be positive, 
then a statement from the patient that she wished to proceed with surgery should 
be affi xed.  
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    Prevention 
 Prevention as in many scenarios depends on vigilance, communication, and adher-
ence to established and board-approved protocols. It is easy to forget a crucial move 
such as doing that extra blood test, especially when the patient is so anxious to 
proceed and denies that pregnancy is possible. (Probable outcome – Liability: anes-
thesiologist, surgeon, hospital; settled before discovery)  

    Case 2 
 A 45-year-old woman was found to be a match for her boyfriend who had kidney 
failure due to hypertension. He was not on dialysis. Multiple tests had been done in 
the 3 months prior to the transplant. In one of the tests, the donor tested positive for 
hepatitis C but was not informed of this result by the hospital or her physicians and 
was not disqualifi ed as a donor. She was asymptomatic and had no risk factors 
except for a questionable blood transfusion as a child. Prior to surgery an anesthesi-
ologist who documented that he had reviewed the chart saw her. A month after the 
surgery, which was successful, she still tested positive for hepatitis C and was told 
at that time. Four months later, the donee also tested positive for hepatitis C. The 
hospital held a complete investigation and stated that the transplant was a “medical 
mistake” and human error was to blame. Undisclosed compensation and an assur-
ance of continued medical care at no cost were offered to the couple. Although ini-
tially thinking of suing not only the hospital but also the surgeon and anesthesiologist, 
both donor and donee decided to accept the hospital’s offer.  

    Analysis 
 Over the past few years, more than 200 reports of unexpected disease transmission 
through organ transplantation have been reported to the Center for Disease Control 
(CDC). Of the cases that were confi rmed, some had fatal outcomes. Clearly, trans-
mission of infections through organ transplants remains a major patient safety. To 
address the problem, the CDC developed a 159-page draft  2011 Public Health 
Service (PHS) Guideline for Reducing Transmission of HIV, HBV, and HCV through 
Solid Organ Transplantation . The guideline was posted to the Federal Register in 
September 2011. Transmission of HIV, HBV, and HCV through organ transplanta-
tion is a critical patient safety and public health issue. Such events can result in 
serious illness and death in organ recipients who are immunosuppressed, particu-
larly when transmission is unexpected. Unexpected transmission of HIV, HBV, and 
HCV from infected donors has been reported in heart, liver, kidney, and pancreas 
recipients (see Federal Register above). However, intentional transplantation of 
organs from HBV- and HCV-infected donors is an accepted medical practice in nar-
rowly specifi ed situations that clearly did not apply in this case. These organs are 
typically offered to recipients known also to be infected with the same pathogen or, 
in rare circumstances, to uninfected recipients in cases of urgent medical need 
where benefi t is deemed to outweigh risks. In these situations, prophylaxis or treat-
ment with immunizations, antivirals, and/or immunoglobulin is offered, if appropri-
ate, to prevent transmission or reduce the disease severity. Although there may be a 
potential benefi t of transplanting organs from HIV-infected donors into HIV-infected 
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recipients, Organ Procurement and Transplantation Network (OPTN) policy, as 
required by the HHS Final Rule [42 CFR Part 121], prohibits the knowing acquisi-
tion and transplantation of organs infected with HIV. 

 It is not easy to determine the behavioral risk factors in a deceased donor. Thus 
selection and sensitivity of pretransplantation testing is critical. The incidence of 
HCV infection not detected by serologic screening for anti-HCV antibody varies 
from 1 in 5,000 for normal-risk patients to 1 in 1,000 for patients at high risk [ 31 ]. 
The window period (i.e., the time from exposure to detectable HCV antibody) has a 
mean of 65–70 days, a period shortened to 3–5 days with use of nucleic acid ampli-
fi cation technology (NAT) [ 32 ]. A transplant facility’s decision to use an organ is 
based on the organ procurement organization’s assessment of the donor’s risk status 
and on test results [ 31 ]. Multiple factors, including the urgent need for a potentially 
lifesaving transplant and informed consent of the transplant candidate, must be con-
sidered when determining whether benefi ts of transplantation outweigh the risk for 
transmitting HCV. The US Public Health Service recently drafted guidelines recom-
mending testing of all organ donors with NAT for HCV regardless of risk status 
[ 33 ]. Even if test results are not available at the time of transplantation, results still 
can be used afterward to guide recipient evaluation and treatment. 

 The decision of the hospital to communicate with the couple and admit the error 
no doubt saved many years of grief and thousands of dollars.  

   Prevention 
 As with case 1, the emphasis on chart review, especially of the results of all tests 
ordered, cannot be made too strongly. Even though NAT can reduce the window 
period to 3–5 days, in some emergency situations, the time may still be too long. 
Nevertheless, the testing must be done and repeated postoperatively. (Probable out-
come – No suit)   

    Malposition 

 Urologic surgeons often require what may seem to anesthesiologists as extreme 
positions as they attempt to visualize retroperitoneal and pelvic organs. By monitor-
ing vital signs and checking the pressure areas, the anesthesiologist can often pre-
dict and thus avert complications. Several legal suits have arisen out of situations of 
presumed errors in positioning, involving peripheral nerves and compartment syn-
dromes. According to the ASA Closed Claims Project, since 1990, 10 nerve injuries 
were directly related to patient positioning in 143 urologic claims reviewed [ 34 ]. 
Although it is a team approach to achieve the optimal scenario for surgery, it often 
falls to the anesthesiologist to ensure that patient safety is not compromised. 

   Case 1 
 A 55-year-old woman was scheduled for adrenalectomy for lymphoma. She was 
hypertensive, baseline BP 170/100, and had a BMI of 41. The initial laparoscopic 
approach was changed to an open procedure. Intraoperatively the BP was 
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maintained at 100/65. She was positioned in a slight reverse Trendelenburg posi-
tion. No notation was made on the chart as to checking of position or padding of the 
buttocks. Urine output during the 11 h procedure was 425 ml. Seven liters of crys-
talloids were infused. Blood loss was recorded at 1.3 l. A standard anesthetic tech-
nique was employed. Postoperatively the patient was semicomatose and developed 
acute EKG changes indicating myocardial infarction combined with myoglobinuria 
and, by postoperative day 2, anuria. On turning the patient some 48 h later, the 
nurses noted that her buttocks were severely edematous. A diagnosis of gluteal 
compartment syndrome was made. Despite extensive fasciotomies, she succumbed 
to multiple organ failure 3 days later.  

   Analysis 
 Several issues compounded this case. An obese patient with a long-standing history 
of hypertension and smoking was managed for a period of approximately 9 h with 
a mean blood pressure >30% below her baseline level (MABP 122 to 75). She also 
received a large fl uid overload resulting in a net gain of about 6 L. By gravity, over 
11 h, the fl uid settled in the lowest area, in this case, in her buttocks resulting in 
swelling and a compartment syndrome. Delay in making the diagnosis constituted 
another adverse factor. 

 Other cases of compartment syndrome or rhabdomyolysis involving the lower 
extremities have been reported after surgery performed in an exaggerated lithotomy 
position [ 34 ,  35 ]. Most occurred after perineal prostatectomy. One survey of 261 
urologists reported 65 instances of compartment syndrome after lithotomy position, 
indicating that acute fl exion of the thigh on the abdomen decreased perfusion to the 
lower extremities [ 36 ]. Risk factors included blood loss, peripheral vascular dis-
ease, muscular calves, long surgery (>4.5 h), a smoking history, and a high body 
mass index. Another review suggested that because position-related compartment 
syndrome is a considerable complication after long surgery, the inducing and expo-
nential risk factors should be known by the treating team and the patient so informed 
if the surgery is expected to last longer than 3 h [ 37 ]. 

 Other injuries associated with the lithotomy position include injuries to the pero-
neal, saphenous, and sciatic nerves, among others, much of which can be prevented 
by careful attention to positioning and padding [ 36 ].  

   Prevention 
 As noted above, several factors combined to cause the compartment syndrome in 
this case. Surgery of that duration should have been staged. The entire team should 
have paid much greater attention to positioning and padding, especially in an obese 
individual. The blood pressure should have been maintained closer to the patient’s 
normal baseline. Fluid administration should have been much less, especially in the 
light of low urine output. Also, the reverse Trendelenburg position ensured that 
extracellular fl uid would gravitate to the gluteal region, causing edema and increas-
ing intracompartmental pressure. (Probable outcome – Liability: anesthesia team, 
surgeon, and hospital; settled pretrial)  
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   Case 2 
 A 59-year-old male was scheduled to undergo a robotic prostatectomy. He had a his-
tory of coronary artery disease and hypertension, fairly well controlled with nicardip-
ine and metoprolol. Preoperative blood pressure was 145/88. He weighed 240 lbs and 
had a smoking history. Surgery started around noon. The anesthesiologist calculated a 
fl uid defi cit of about 3 L based on time and the patient’s weight and infused 2.75 L 
during the fi rst 30 min of the case. The surgeon requested very steep Trendelenburg 
position, with the head almost touching the fl oor. Some problems developed with the 
robot and the case was delayed for about 90 min. During this time the blood pressure 
drifted down to a mean of about 60. Believing the patient to be “dry,” the anesthesiolo-
gist gave several bolus infusions of fl uid to a total of 2.5 L with little effect on the 
blood pressure. The case lasted just over 6 h and the patient received a total of 6.1 L 
of fl uid. His face was very swollen and his eyes were shut. SpO 2  on oxygen 4 l was 
92% and breathing was spontaneous. The decision was made to leave the endotra-
cheal tube in place and continue sedation for 24 h. He was placed in a head-up posi-
tion and given furosemide. Two days later, the endotracheal tube was removed and the 
patient said that he could not see. Ophthalmologic examination confi rmed bilateral 
visual loss, most likely posterior ischemic optic neuropathy.  

   Analysis 
 Concerned with an increasing number of patients with postoperative visual loss 
mainly after spine surgery in the prone position, the ASA established a registry as 
noted above to gain data and attempt to identify risk factors. Although a single fac-
tor has not been found, several adverse circumstances appear to combine to cause 
the problem, among them male gender, obesity, anesthesia duration over 5 h, prone 
position, blood loss exceeding 1 L, use of the Wilson frame, and administration of 
excess crystalloids over colloids. In 2005, the ASA appointed a perioperative visual 
task force to review and assess the available literature. As a result several recom-
mendations were made including the need to identify patients at “high risk” (long 
surgery with substantial blood loss) and informing them of the risk of visual loss, 
avoiding hypotension, greater use of colloids, and maintenance of a head-up posi-
tion [ 38 ]. Positioning over a Wilson frame has been shown to result in a head-down 
position and may also cause abdominal compression, especially in obese individu-
als [ 39 ]. 

 While not performed in a prone position, robotic pelvic surgery requires very 
steep, supine, head-down position. Such extreme Trendelenburg position is associ-
ated with venous engorgement and edema formation in the head and neck as crystal-
loids are extravasated and pool by gravitational forces. Also, in a head-down 
position over a long duration, intraocular pressure increases. In the face of actual or 
relative hypotension, ocular perfusion pressure is decreased, putting the posterior 
part of the optic nerve, which has a rather tenuous blood supply in the fi rst place, at 
risk of ischemic injury. Fluid accumulation can combine further to cause a compart-
ment syndrome within the eye. Defective autoregulation and a vascular watershed 
region in the posterior optic nerve may also be contributing factors [ 39 ]. Cases of 
postoperative visual loss after robotic prostatectomy have been reported [ 40 ]. 
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 The position required for robotic prostatectomy can also lead to signifi cant 
 postoperative alterations of the upper (including nasal) airways. In a study of 50 
patients, forced expiratory volume in 1 s (FEV1) and vital capacity (VC) were sig-
nifi cantly reduced for up to 24 h, and the ratio of maximal midexpiratory fl ow to 
inspiratory fl ow was increased, indicating increased upper airway resistance [ 41 ]. 
More signifi cant alterations are seen in patients with chronic obstructive pulmonary 
disease when FEV1 and VC may be reduced for up to 5 days [ 42 ]. Thus close atten-
tion to adequate oxygenation in the postoperative period is essential.  

   Prevention 
 Given that the actual cause of postoperative visual loss has not been precisely deter-
mined, prevention may be diffi cult. However, controllable risk factors have been 
identifi ed and should be addressed. Time in steep Trendelenburg position should be 
minimized. If technical diffi culties arise, a supine or even head-up position should 
be achieved until the problem is solved. Fluid administration should be restricted. 
Colloids, also in limited amounts, are preferable. Several factors have been identi-
fi ed by large-scale studies as contributory to poor outcome after major surgery, 
especially in high-risk patients. One of the most important has challenged our time- 
honored practice of intraoperative fl uid management and the existence of “a 3rd 
space” that must be taken into account [ 42 ]. Even during long surgeries, large fl uid 
replacement is not necessary and may result in compartment syndromes, postopera-
tive acute respiratory distress syndrome, and even multiple organ failure and 
increased mortality [ 43 ,  44 ]. Rather intraoperative fl uid optimization may better be 
managed by using stroke volume variation or echocardiography [ 45 – 47 ]. Both 
anesthesiologists and surgeons must be involved to ensure appropriate fl uid man-
agement and application of optimal surgical techniques [ 43 ]. 

 Hypotension should be addressed often with small doses of vasopressors rather 
than fl uid boluses. (Probable outcome – Liability: anesthesiologist, surgeon, and 
hospital; settled pretrial)  

   Case 3 
 A 62-year-old obese woman, BMI 49, underwent an apparently uneventful anes-
thetic for a bladder suspension procedure for cystocele in Trendelenburg position. 
She was discharged to home on the same day. Postoperatively she complained of 
severe headache, memory diffi culties, shoulder pain, and burns on her upper chest. 
Review of the perioperative nursing records indicated that the table had malfunc-
tioned intraoperatively, and the patient had fallen off. The anesthetic team made no 
notes of this event and a critical incident was not reported. There was no postanes-
thetic assessment. An orogastric tube had been used.  

   Analysis 
 The failure to record accurately intraoperative events by the anesthetic care team is 
below the standard of care. Lack of a postanesthetic assessment is similarly inexcus-
able. The burns were no doubt due to gastric juice that leaked from an orogastric 
tube that was not enclosed in some type of receptacle (often a glove).  
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   Prevention 
 Ensuring safe equipment and safe positioning of the patient on the operating table 
is a joint responsibility of the hospital and the operating team, including the anes-
thesiologist. Passing an orogastric tube was reasonable; failure to ensure that any 
secretions did not fall on the patient was not. Follow-up after anesthesia is essential. 
Had it been explained to the patient what had happened and a full examination made 
and documentation of all injuries, with assurances that all care would be provided, 
it is possible that a suit would not have occurred. Although the injuries sustained in 
this case were relatively minor (skull X-rays were normal, the shoulder pain 
improved with physiotherapy, the chest burns healed with minimal scarring), liabil-
ity would probably be found against all parties.   

    Fire in the Operating Room 

 Burn injury continues as a signifi cant cause of injury and a source of liability for the 
anesthetic care team. In urologic procedures, the risk of causing burns is low and 
generally related to the misuse of LASER or warming devices. 

   Case 
 A 20-year-old man was scheduled for excision of condylomata involving his penis 
and rectal area. The surgeon was using a YAG LASER. After review of the patient’s 
fi le, the anesthesiologist elected to use sedation with propofol and intermittent fen-
tanyl. Nasal cannula, oxygen 3 L, was administered. Goggles were placed over the 
patient’s eyes. About 15 min into the case, the surgeon decided to rearrange the 
patient’s position in the stirrups. The LASER was placed on the drapes without fi rst 
being placed in standby mode. Two minutes later, smoke and then fl ames were seen 
in the area of the patient’s groin. The anesthesiologist immediately turned off the 
oxygen and put wet cloths around the patient’s face as the nurse threw water on the 
burning area. The patient suffered burns in the groin area that required grafting. The 
hospital was compliant with fi re training in all departments. There was no evidence 
that the LASER equipment had been recently checked.  

   Analysis 
 There was clear documentation of planning by the anesthesia care team in this case. 
The oxygen was turned off as soon as smoke was seen. A malfunctioning LASER 
placed on fl ammable material resulted in a fi re. The equipment was apparently not 
checked by either the surgeon or the operating nurse before use, and there was no 
documentation of periodic maintenance checks by the hospital. 

 The Closed Claims Project of the ASA has concentrated on burn injuries [ 48 ]. 
Just over 2% of the total claims in the database relate to burn injuries. Burns occur 
less in emergency cases and more in monitored anesthetic care (MAC) situations. 
Burn claims were less severe and payments were frequent but lower. While deaths 
were fewer, care was more likely to be judged as inappropriate. Fifty-eight percent 
of burns were from warming devices. Thirty-one percent were ignited by cautery 
(usually on the face). Injuries from LASER airway fi res were most severe ( p  < 0.01) 
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and had the highest payments ( p  < 0.05 vs. other burns). Payment was made more 
often in burns claims (72%) than in other claims in the ASA database. Payment was 
made for 100% of airway fi res and they had the highest payment [ 49 ]. 

 In 2008, the ASA presented a Practice Advisory for the Prevention and 
Management of Operating Room (OR) Fires [ 50 ]. Advisories are not intended as 
mandates of absolute standards but rather convey general practice and recommen-
dations that may be adopted, modifi ed, or rejected. The publication notes that while 
the incidence of operating room fi res is diffi cult to determine, based in part on a lack 
of required national reporting, some estimates suggest that 50–200 fi res occur annu-
ally in operating rooms in the United States, and as many as 20% of incidents may 
result in serious injury or death. Fire requires three factors, the “fi re triad”:
    1.    An ignition source   
   2.    An oxidizer   
   3.    Fuel    

  In the OR, the ignition source is the cautery or LASER and can also include 
heated probes, drills, and fi beroptic and light cables among other devices. Oxidizers 
include oxygen and nitrous oxide. Fuel sources include endotracheal tubes, drapes, 
sponges, alcohol-containing solutions, oxygen masks and cannulae, and hair among 
several other materials. 

 As noted, LASER, an acronym for Light Amplifi cation by the Stimulated Emission 
of Radiation may cause fi res. A LASER directs a beam to a biological target, resulting 
in ionizing radiation in situ, mechanical shock waves, and vaporization of tissues by 
heat. The beam acts both as a scalpel and to coagulate blood  vessels. There are many 
types of LASERs, each with specifi c indications. Neodymium-doped yttrium aluminum 
garnet (Nd-YAG) LASER is the most powerful. It allows for a tissue penetration 
between 2 and 6 mm. Uses in urology are many including tumor debulking as in prosta-
tectomy, condylomata resection, excision of penile and bladder lesions, and stone 
removal. The Nd-YAG LASER can be used in “contact mode” to treat a tumor mass, 
such as a papilloma. Alternatively, the CO 2  LASER has very little tissue penetration and 
can be used where greater precision is needed. One advantage of the CO 2  LASER is that 
the beam is absorbed by water, so minimal heat is dispersed to surrounding tissues. The 
helium-neon LASER (He-Ne) produces an intense red light and can be used for aiming 
the CO 2  and Nd-YAG LASER. (These LASERs are used for the treatment of condylo-
mata – Holmium and GreenLight ®  LASERs are currently used for endoscopic urologi-
cal procedures which are the majority of LASER urological procedures.) 

 Of note is that elimination of fl ammable anesthetic agents has had little effect on 
OR fi res except to change their etiology. Electrocautery, LASER use, and oxygen-
enriched environment can ignite even fi re-resistant materials, including the patient. 
Fire triads are many [ 51 ].  

   Prevention 
 It is the responsibility of the surgeon to check his equipment prior to operating and 
the responsibility of the hospital to provide safe equipment. The entire operating 
room team should be aware and implement the precautions required during LASER 
use. (Probable outcome – Liability: anesthesiologist dismissed, surgeon and hospi-
tal liable)   
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    Pediatrics 

 A review of closed pediatric malpractice claims from the 1970s to 1980s indicated 
that 43% of injuries were associated with respiratory events, usually inadequate 
oxygenation with 89% deemed preventable [ 21 ]. Anesthesia-related cardiac arrest 
mostly occurred in patients younger than 1 year of age and in patients with severe 
underlying disease. As monitoring standards changed, by 2005, cardiac arrest was 
more likely due to hypovolemia from blood loss and hyperkalemia [ 22 ,  52 ,  53 ]. The 
most common equipment-related cause of arrest was vascular injuries during place-
ment of central venous catheters. Altogether only about 8% of the current closed 
claims database contains claims for children (16 years and under), of which about 
60% are age 3 or younger and sicker (ASA 3–5). The dominant injuries remain 
death (41%) and brain damage (21%) and the major source is cardiorespiratory 
events. Laryngospasm followed by aspiration, premature extubation, and inade-
quate ventilation was most common. Less common were malignant hyperthermia 
(MH) associated with halothane and/or succinylcholine and medication errors, 
mainly due to overdose. Common equipment-related claims were due to burns from 
warming blankets or electrocautery [ 54 ]. Pediatric malpractice claims were more 
likely to involve tonsillectomy cases. Urologic claims usually were related to hyper-
kalemia in children with cerebral palsy and children with spina bifi da and/or myelo-
meningocele who required multiple procedures and developed a latex allergy. While 
most operating rooms have a latex-free environment, occasionally a latex catheter 
may enter the fi eld. Estimates of latex sensitivity in the general population range 
from 0.8% to 8.2%, although not all allergic persons will ever develop a noticeable 
allergic reaction [ 55 ]. The incidence of immune-mediated anaphylaxis during anes-
thesia ranges from 1:10,000 to 1:20,000. While neuromuscular blocking agents are 
most frequently incriminated, latex and antibiotics follow closely behind [ 56 ,  57 ]. It 
behooves the entire team to identify these patients and take special precautions to 
ensure that all equipment is indeed latex-free.   

    Medication Errors 

 Drug administration errors continue to be a major source of harm to hospitalized 
patients and may even be as high as 1:5 doses and account for 38% of drug-related 
errors [ 58 – 62 ]. 

 The ASA Closed Claims Project has reviewed medication errors [ 63 ]. The pro-
portion of database-comprised drug errors has remained constant over the past two 
to three decades at about 4%. [ 64 ,  65 ]. Categories include:
    1.    Omission…drug not given (usually antibiotics)   
   2.    Repetition…extra dose of an intended drug (muscle relaxant)   
   3.    Substitution…incorrect or swapped drug (phenylephrine and epinephrine)   
   4.    Insertion…drug not intended at that time (repeat dose of muscle relaxant when 

reversal agents were intended)   
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   5.    Incorrect dose (incorrect dilution of epinephrine)   
   6.    Incorrect route (unintentional administration of drugs to the subarachnoid space)    

  Out of 205 claims for drug errors reported in the Closed Claims Project, there 
were only two cases of “omission,” four cases of “incorrect route,” and no cases of 
“repetition.” There were 50 cases of “substitution” (24%), 35 cases of “insertion” 
(17%), 64 cases of “incorrect dose” (31%), and 50 cases of “others” (24%). Drug 
infusions were involved in 30 cases (15%). Drug administration errors frequently 
resulted in serious problems. There were 50 deaths (24%) and 70 cases with major 
morbidity. A wide variety of drugs were involved in errors. Two drugs in particular 
were most commonly involved. Succinylcholine was involved in 35 cases (17%) 
and epinephrine was involved in 17 cases (8%) [ 58 – 64 ]. One of the main reasons for 
error seemed to be similarity in packaging [ 65 ]. 

 While many attempts have been made to decrease the number of drug errors, 
including bar coding, increased awareness, and improved labeling, none have 
proved entirely successful [ 66 ,  67 ]. In a British study of 93 claims totaling 
₤ 4,915,450, all claims in which it was possible to categorize the nature of the mis-
take involved human error [ 68 ]. However, fewer than half the claims appeared likely 
to have been preventable by an “ideal double checking process.” The anesthesiolo-
gist is oftentimes in a position where he/she alone draws up the drugs and is fre-
quently in an emergency situation. Vigilance remains the best defense.  

    Comorbidities 

 Many comorbidities may complicate urologic surgery. In the elderly population, 
dementias or stroke may make obtaining consent diffi cult. Arthritis and Parkinson’s 
disease compound the problems in positioning. Osteoporosis can contribute to bone 
fractures. Obesity and hypertension are often associated with obstructive sleep 
apnea (OSA) in patients presenting for prostatic and bladder procedures. Obstructive 
sleep apnea is probably the most important of the comorbidities that present prob-
lems for anesthetic management. In a syndrome that is frequently a clinical rather 
than a laboratory diagnosis, the incidence appears to be increasing as the population 
becomes more obese. 

 Other areas that can lead to a poor outcome are failure to take a complete drug 
history. For example, many patients do not disclose herbal consumption, and several 
compounds such as ginseng, ginger, garlic, and gingko can increase perioperative 
bleeding. Similarly, failure to discontinue warfarin, aspirin, and/or clopidogrel, 
especially in a patient with a drug-eluding stent, may also increase perioperative 
hemorrhage. Patients should be advised of their options and cardiology consult 
obtained as appropriate. Clear documentation is necessary. Drug interactions are 
numerous and should be anticipated in all patients. 

 The Joint Commission has provided guidelines for prevention of wrong site, 
wrong procedure, and wrong person surgery [ 69 ]. In essence, these errors should 
never happen. The Joint Commission, while making some recommendations, does 
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not mandate how health-care workers and hospitals achieve these goals. Rather, 
departments of surgery, anesthesia, and nursing must establish policies and proce-
dures, which must then be approved by the hospital board to ensure safe practice. In 
most institutions, the policy involves one of several “time-outs”. It is the responsi-
bility of the individual to be aware of the policies than pertain to his/her 
department. 

 The Surgical Infection Prevention Project, set up in 2003, grew into the Surgical 
Care Improvement Project (SCIP) in 2006. The SCIP program is sponsored by the 
Centers for Medicare & Medicaid Services (CMS) in collaboration with a number 
of other national partners, including the American Hospital Association (AHA), 
Centers for Disease Control and Prevention (CDC), Institute for Healthcare 
Improvement (IHI), The Joint Commission (TJC), and others. The SCIP program 
focuses primarily on process measures. The SCIP partnership is targeting areas 
where the incidence and cost of complications are high including surgical site infec-
tions, adverse cardiac events, deep vein thrombosis, and postoperative pneumonia 
[ 70 ]. The program centers on surgical process measures. 

 Several of the SCIP initiatives apply to directly to anesthesiologists:
    1.    Prophylactic antibiotics should be received within 1 h prior to surgical incision, 

selected for activity against the most probable antimicrobial contaminants, and 
discontinued within 24 h after the surgery end-time.   

   2.    Euglycemia should be maintained, with well-controlled morning blood glucose 
concentrations on the fi rst two postoperative days, especially in cardiac surgery 
patients.   

   3.    Hair at the surgical site should be removed with clippers or by depilatory meth-
ods, not with a blade.   

   4.    Normothermia should be maintained perioperatively.     
 No doubt in the very near future, the project will be expanded to include anti-

thrombolytic therapy. Again, the anesthesiologist must be aware of and adhere to 
the national requirements of this program, which are recognized as the standard of 
care. In addition many departments have protocols in place for administration of 
beta-blockers and statins. If a patient has a postoperative infection or a myocardial 
infarction and the anesthesiologist has not adhered to the policies in place, he/she 
may be found liable.  

    Litigation: Effects on Physicians 

 Several studies have examined the effects of patient death or serious morbidity 
and resultant legal on anesthesiologists and surgeons [ 71 – 73 ]. A perioperative 
catastrophe can have a lasting emotional impact on the physician and may affect 
his or her ability to provide good patient care in the aftermath. A negative out-
come, regardless of fault, may cause a physician to feel impaired for days or even 
weeks. Drug and alcohol addiction can result. Surgeons involved in malpractice 
suits tend to be younger, work longer hours, have more night call, and are more 
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likely to be in private practice. Legal action has been shown to relate strongly to 
burnout, depression, and thoughts of suicide. Less career satisfaction is reported 
and may even prompt a specialty change. 

 As noted earlier, disclosures of unanticipated outcomes may be benefi cial in 
decreasing suits [ 74 ]. However, anesthesiologists must be aware that the patient- 
physician relationship is usually stronger with surgeons who may not have the same 
perspective on operating room errors. Also, the anesthesiologist may still be caring 
for the patient when the surgeon is already discussing the case with the family. 
Collaboration between all members of the team is essential and disclosure resource 
materials are increasingly available. An analysis of urologic litigation in the United 
Kingdom emphasized the importance of thorough clinical assessment, record keep-
ing, follow-up, informed consent, and good communication with patients [ 75 ]. Each 
of these factors applies equally to anesthesiologists.  

    Conclusions 

 Many factors must be considered in reviewing risks of medicolegal consequences 
associated with anesthesia in urology. Malpractice claims in urologic anesthesia are 
not as common as in other specialties, probably because claims in pediatric situa-
tions tend to be more frequent and urology tends to have an older population. But 
that said, older people tend to have more medical problems and are often sicker. The 
standard to which a defendant is held in medical malpractice is that of a “reasonable 
physician” dealing with a “reasonable patient.” The question is: Has the practitioner 
met the standard of care for his/her community, realizing that all communities and 
practices are not the same? Informed consent requires more than simply signing a 
form but also should include history and physical examination and a clear under-
standing that the patient is aware of the risks, consequences, and alternatives for his/
her care. Should an adverse event occur, effective disclosure to the patient and/or 
family through a team approach is recommended. Above all, communication and 
documentation on the part of all the involved health-care workers are essential.     
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