



[image: image]







COMPLICATIONS OF UROLOGIC SURGERY

Prevention and Management


Fourth Edition



Samir S. Taneja, MD


The James M. Neissa and Janet Riha Neissa Associate Professor of Urologic Oncology
Director
Division of Urologic Oncology
Department of Urology and New York University Cancer Institute
New York University Langone Medical Center
New York, New York





Saunders










COPYRIGHT


SAUNDERS ELSEVIER


1600 John F. Kennedy Boulevard


Suite 1800


Philadelphia, PA 19103-2899


COMPLICATIONS OF UROLOGIC SURGERY  ISBN: 978-1-4160-4572-4


Copyright © 2010, 2001, 1990, 1976 by Saunders, an imprint of Elsevier Inc.


All rights reserved. No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopy, recording, or any information storage and retrieval system, without permission in writing from the publisher. Permissions may be sought directly from Elsevier’s Rights Department: phone: (+1) 215 239 3804 (US) or (+44) 1865 843830 (UK); fax: (+44) 1865 853333; e-mail: healthpermissions@elsevier.com. You may also complete your request on-line via the Elsevier website at http://www.elsevier.com/permissions.








Notice


Knowledge and best practice in this field are constantly changing. As new research and experience broaden our knowledge, changes in practice, treatment and drug therapy may become necessary or appropriate. Readers are advised to check the most current information provided (i) on procedures featured or (ii) by the manufacturer of each product to be administered, to verify the recommended dose or formula, the method and duration of administration, and contraindications. It is the responsibility of the practitioner, relying on their own experience and knowledge of the patient, to make diagnoses, to determine dosages and the best treatment for each individual patient, and to take all appropriate safety precautions. To the fullest extent of the law, neither the Publisher nor the [Editors/Authors] [delete as appropriate] assumes any liability for any injury and/or damage to persons or property arising out of or related to any use of the material contained in this book.


The Publisher





Library of Congress Cataloging-in-Publication Data (in PHL)


Complications of urologic surgery: prevention and management / editor, Samir S. Taneja.—4th ed.


 p.  ; cm.


 Revised edition of Complications of urologic surgery / edited by Samir S. Taneja, Robert B. Smith and Richard M. Ehrlich. 2001.


 Includes bibliographical references and index.


 ISBN 978-1-4160-4572-4 (alk. paper)


  1. Genitourinary organs–Surgery–Complications.  I. Taneja, Samir S.


 [DNLM:  1. Urologic Surgical Procedures, Male.  2. Postoperative Complications–prevention & control.  3. Urinary Tract–surgery.  WJ 168 C737 2010]


 RD571.C65 2010


 617.4′601–dc22


 2009018387


Acquisitions Editor: Stefanie Jewell-Thomas


Associate Developmental Editor: Martha Limbach


Publishing Services Manager:Tina Rebane


Senior Project Manager: Amy L. Cannon


Design Director: Steve Stave


Printed in China


Last digit is the print number:  9  8  7  6  5  4  3  2  1










DEDICATION


This book is dedicated to the memory of my dear friend and colleague, John P. Stein. When he passed last year, John left a void in the community of urologic oncology, particularly among those of us in the generation of his contemporaries. John’s optimism and energy for life charismatically drew us to him. The fact that so many were deeply affected by his passing coupled with his uncanny ability to make each of us feel special and important reflects his impact.


John left an eternal legacy through his unending pursuit of perfection and excellence in the care of patients. Despite his tremendous academic accomplishments, his zeal for scientific inquiry, and his global outreach as an educator, John always placed the care and outcome of his patients first. No matter how good the outcome, he always felt it could and would be made better through his efforts. In this regard, John will always live on as an example to all of us and stands as a wonderful symbol of the spirit of this text.


On a personal level, I would like to offer thanks for the love and support given to me by my own family, Uttama, Sorab, and Sabina. The family of every surgeon makes sacrifices through time lost and hours waiting. Without them, the time lost in our work would have little meaning. Through my wife Uttama’s guiding hand, I find life’s balance and meaning, and through the eyes of my children, Sorab and Sabina, I find its promise and discovery. I thank all three of them for the sacrifices they made in the preparation of this text.


SST










PREFACE


Regardless of the number of years in practice or cases performed, the prevention and management of surgical complications remain primary challenges for any operating surgeon. Although directly impacted by surgical technique, patient selection, and underlying disease processes, some complications inevitably arise even in the perfect candidate receiving the perfect operation. Despite this, the surgeon must continue throughout his or her career to make every effort to reduce the possibility of complication through careful patient selection, methodical preoperative patient optimization, and careful attention to technique.


First and foremost, complications take a tremendous emotional and physical toll on our patients, and surgeons must remember this when confronted with a complication. For the patient, the process of surgery is one in which control is given completely to the surgeon. The uncertainty of outcome, the loss of control, and the fear of mortality are tremendously stressful for the patient even in the setting of an uncomplicated surgery. When complications arise, these stresses are magnified and patients and their families are often confused, depressed, or angry. Careful, calm, and comprehensive communication are essential to enable them to understand the nature of the complication, its probable causes, and the planned management. Discussing potential outcomes, concerns going forward, and specific benchmarks for improvement can allow the patient a structured process to mentally cope with the situation. Patients with complications often fear the surgeon will abandon them, and reassurance can go a long way toward maintaining a good relationship.


Physical concerns in the setting of complications relate to the patient’s ability to tolerate the stresses and the relative risk of prolonged hospitalization. In patients with pre-existing comorbid conditions, careful attention to management of underlying disease processes, particularly those influencing recovery, will help in avoiding secondary complications. Maintaining nutrition, preventing infection, and carefully monitoring fluids and electrolytes are fundamental surgical principles that directly affect recovery from most intra-abdomenal and intrathoracic surgeries but that can be forgotten in the heat of a stressful complication. Although not all patients recover from complications, the surgeon’s primary goal must be to ensure that the patient’s odds of recovery are optimized by optimizing his or her condition.


The balance between action and inaction is a difficult one for surgeons. An underlying desire to make a complication go away often leads to the decision to act quickly through intervention or reoperation. Although sometimes indicated, quick decisions to intervene often result in worsening of the problem or development of secondary complications. At the time of complication, careful diagnostic evaluation to fully understand its nature and extent are critically important before any action is taken. Although stressful for both the patient and surgeon, sometimes waiting it out is the best course of action.


It is the intent of this fourth edition of Complications of Urologic Surgery: Prevention and Management to provide both general and specific guidelines for surgeons in the management of most common, and many uncommon, urologic surgery complications. The response to the third edition of the book has been uniformly positive with many commenting on its tremendous utility in preparing for both a urologic career and day to day practice. Using this helpful feedback I have structured the book’s fourth edition. Over the 10 years since I began constructing the third edition, urologic surgery has changed dramatically. The rapid growth and adoption of minimally invasive techniques and surgical technologies have altered the way we perform most common procedures and, in doing so, have changed the way we train urologists in residency. As a direct result, urologists less frequently perform open surgery and conventional transurethral procedures. Understanding complications of these procedures is perhaps of greater importance now because contemporary urologists have less experience with these procedures.


As such, in this fourth edition I have tried to balance the content between contemporary and classic techniques by including more chapters that specifically focus on minimally invasive procedures, laparoscopic surgery, and robotic surgery. Open surgical techniques remain a focus of the book with inclusion of additional chapters on specific procedures such as partial nephrectomy, orthotopic neobladder, and transurethral bladder tumor resection. Classic chapters from the third edition such as transurethral resection of the prostate and perineal prostatectomy have been re-printed as little could be added to the work of the previous authors.


It is my sincere hope that the additional chapters, along with the online case studies and multiple-choice questions, offer expanded utility for the book and a continued positive response among readers in the decade to come.




Samir S. Taneja, MD





June 2009
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KEY POINTS






1. With increasing life expectancy in the general population, the prevalence of comorbid conditions such as obesity, heart disease, and diabetes has increased to alarming proportions.



2. Awareness of comorbidities allows the urologist to institute the proper measures to control preexisting diseases to optimize the overall health status of the individual patient, maximize the likelihood of a good outcome, and minimize the risk of a complication.



3. Obesity can directly influence surgical outcome because of certain proposed biologic linkages with urologic malignant diseases.



4. Nutritional status is a key clinical parameter demanding thorough evaluation in the surgical patient to prevent nutrition-related complications.



5. Given that certain host factors predispose the urologic patient to complicated infection, it is necessary to determine the need for antimicrobial prophylaxis preoperatively and to prevent the occurrence of systemic septicemia.





Every urologist would prefer that any patient who has a consultation for a urologic disease would be solely afflicted with the disease for which he or she seeks medical attention, that every surgical patient would be healthy enough to tolerate the proposed surgical intervention to treat the condition, and that complications would occur with only miniscule probability. Unfortunately, this situation is far removed from reality and certainly is becoming less common in current clinical practice in which medical histories, physical examinations, preoperative laboratory examinations, and imaging scans are likely to reveal coexisting medical problems in the urologic patient.


In the present era, with life expectancy ever increasing, the prevalence of comorbid conditions such as obesity, heart disease, and diabetes, which affect urologic diseases and their clinical outcome following management, has congruently reached alarming proportions in the general population. Whether driven by improved medical science, rapid technologic advancement, or an effect of natural selection, men and women are living longer (Fig. 1-1). The medical community recognizes special considerations for elderly patients, and most of these considerations are brought about by medical conditions that are diagnosed in later life and progress with advancing age. In urologic disease entities such as erectile dysfunction in men, pelvic floor disorders in women, and urologic malignant diseases such as prostate and bladder cancer, the predisposition and clinical effects related to advanced age have direct biologic implications for the urologic condition. Moreover, because most of these disease entities are diagnosed in the more mature stages of life, the probability of preexisting medical conditions in these patients at the time of consultation is significantly high.
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Figure 1-1 Projected population of the United States for adults ≥65 years old (2000-2050).


*Based on data from the United States Census Bureau (http://www.census.gov/ipc/www/usinterimproj/)





Notwithstanding the effect of age on comorbid medical conditions in the urologic patient, the past decades have also seen a dramatic rise in the prevalence of disease entities closely linked to harmful lifestyle choices such as smoking and alcohol consumption, unhealthy diets, lack of exercise and physical activity, and intravenous narcotic abuse. These lifestyle choices adversely affect patients of all ages who may seek urologic consultation and who may present with detrimental comorbidities such as childhood obesity, juvenile diabetes, chronic obstructive pulmonary disease, liver disease, and human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS).


Although biologic links to known urologic diseases may be less apparent, the overall outcome and incidence of complications following surgical intervention are directly affected by coexisting health problems. Indeed, assessing the urologic patient for preexisting comorbidities is of critical importance because host factors play an important role in postoperative complications. Awareness of comorbidities allows the urologist to institute the proper measures to control preexisting diseases to optimize the overall health status of the individual patient, maximize the likelihood of a good outcome, and minimize the risk of a complication. The urologist also can assess the need for ancillary examinations for a more comprehensive evaluation of comorbid conditions more accurately and can determine the need for intraoperative monitoring and specialized intensive postsurgical care. More importantly, comprehensive knowledge of all concurrent illnesses in the urologic patient aids the urologist in the deciding whether surgical intervention is the optimal treatment option or whether conservative management may be the only viable therapeutic alternative.


To serve as an introduction to the succeeding chapters in this section, we tackle host factors that significantly affect the occurrence of nonurologic complications following urologic surgery. We provide an overview of comorbidities in the urologic patient and highlight current prevalent disease entities that influence outcome following definitive surgical management. Comorbidities to which whole chapters are devoted, such as those pertaining to cardiovascular, pulmonary, hematologic, and anesthetic complications, are discussed only briefly here, to leave room for a more detailed discussion of topics of special interest such as obesity that are of major interest in the field of contemporary urology. We also provide insight into clinical tools such as useful comorbidity indices and scoring systems that aim to quantify the severity of comorbidities and predict posttreatment morbidity and mortality.






OBESITY


The importance of nutritional status to surgical outcomes and the deleterious effects of obesity are of significant interest in the field of urology. Interest has centered on obesity for two main reasons: (1) the prevalence of obesity has been growing at epidemic proportions worldwide, particularly within the United States1; and (2) scientific evidence suggests a relationship between obesity and multiple urologic conditions including urologic malignant diseases, benign prostatic hyperplasia (BPH), incontinence, erectile dysfunction, and stone disease, to name a few.2


Most of the leading causes of death in the United States are linked to obesity, including heart disease, cancer, stroke, chronic respiratory disease, and diabetes. Viewed as a growing national health crisis, obesity has surpassed tobacco smoking as the leading cause of preventable death; obesity not only results in a potentially avoidable toll in human lives but also incurs a substantial cost in health expenditure for the country.3 Affecting nearly a third of all adults in the United States, obesity is further associated with various comorbidities, such as hypertension, hypercholesterolemia, sleep apnea, cholecystolithiasis, osteoarthritis, and depression, that may aggravate the overall health status of the overweight or obese patient and may contribute to the occurrence of surgical complications. Childhood obesity is also on the rise and would have undesirable consequences for children and adolescents undergoing pediatric urologic procedures.4


Obesity is defined as an excess accumulation of adipose tissue in the body; however, functionally, overweight and obese are labels used to denote ranges of weight that are in excess of what is generally considered healthy for the given height of a person. Because of its simplicity, body mass index (BMI) is a widely accepted method to assess for obesity. BMI is calculated by dividing the weight (in kilograms) of an individual by the height (in meters) squared.5 Figure 1-2 illustrates the standard weight status categories associated with BMI range for adults. Although other anthropometric measurements such as skinfold thickness and midarm circumference may be used for more accurate estimation of body fat, these measurements are not routinely recorded in clinical practice and are of limited availability for retrospective studies.5
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Figure 1-2 Estimates of body mass index using measured height and weight.




Fat distribution may also be an important determinant of obesity because individuals with high BMI who have upper body fat distribution (android) have been shown to be at greater risk for comorbidities such as cardiovascular disease, cerebrovascular disease, and hypertension compared with men and women who have lower body fat distribution (gynecoid).6 Newer studies found better accuracy in gauging obesity with the use of waist circumference and waist-to-hip ratios; however, these parameters are more cumbersome to measure compared with BMI.7 Central obesity correlates with visceral fat accumulation in the abdomen and is diagnosed when the waist-to-hip ratio exceeds 1.0 in men and 0.9 in women. This condition is in contrast to peripheral obesity, in which fat accumulation occurs subcutaneously in the gluteofemoral region. However, the distinction is clinically important because central obesity imparts a significantly higher risk of insulin resistance and type 2 diabetes, blood lipid disorders, hypertension, and heart disease compared with peripheral obesity.8


The medical consequences of obesity result in part from increased secretion of pathogenic macromolecules from enlarged adipose cells. Increased release of fatty acids from fat cells that are consequently stored in the liver or muscle results in an insulin-resistant state that is commonly seen in obesity. Diabetes ensues as the mounting insulin resistance overwhelms the secretory response of the pancreas.9 Bioactive cytokines, particularly interleukin-6, released from adipocytes promote the proinflammatory state that is characteristic of obesity. Secretion of prothrombin activator inhibitor-1 from adipose cells coupled with impaired endothelial function plays a key role in the hypercoagulable state of obesity and ultimately increases the risk of cardiovascular disease, stroke, and hypertension in obesity. This prothrombotic state is further aggravated directly by increased estrogen levels and is complicated indirectly by decreased antiangiogenic cytokines such as adiponectin.10 The overall effect of these multiple pathologic consequences of increased fat stores ominously leads to a risk of shortened life expectancy.11






Obesity and Urologic Malignant Diseases


Investigations since the late 1980s have sparked keen interest in the link between obesity and urologic cancer, especially for prostate adenocarcinoma and kidney cancer.12 Investigators have hypothesized that diet and obesity affect the underlying biologic mechanisms that ultimately lead to carcinogenesis including promotion of angiogenesis and mitogenesis, increased cellular proliferation, impairment of immune response, increased exposure to oxidative damage by free radicals, and promotion of a proinflammatory state.13 Obesity can directly influence surgical outcome as a result of these proposed biologic linkages with urologic malignant diseases.






Prostate Cancer


Because obese men with prostate cancer have lower serum prostate-specific antigen (PSA) levels relative to men of normal weight,14,15 and because physical assessment of the prostate through digital rectal examination is hindered by adiposity, detection of prostate cancer among men with a high BMI may be delayed. Performing a transrectal ultrasound–guided biopsy to establish a tissue diagnosis of prostate cancer can also be more technically difficult in obese men, and because of prostatic enlargement, some cancers may be missed by undersampling.14 After histopathologic confirmation of prostate cancer, the patient may opt for surgical treatment, but urologists may be reluctant to operate on morbidly obese patients for several reasons. The anesthetic risks pertaining to adequacy of ventilatory support and difficulty in fluid monitoring16 are further complicated by the increased incidence of comorbid conditions such as hypertension, heart disease, stroke, and diabetes.9


If the urologist does perform surgery, adiposity can be a physical hindrance that may curtail adequate exposure of the surgical field, particularly when a retropubic approach is planned for access to the prostate. For this reason, some urologists have advocated that perineal prostatectomy should be favored over the retropubic approach for treatment of obese men with prostate cancer. However, a study by Fitzsimons and associates17 suggested that both surgical approaches have comparable outcomes in terms of estimated blood loss and operative time for obese patients. Indeed, performing a watertight vesicourethral anastomosis may be relatively more difficult in morbidly obese men undergoing radical retropubic prostatectomy. This situation led to innovative techniques such as the novel Vest suture, developed by Kamerer and colleagues,18 which is aimed at alleviating the difficulties surrounding surgical treatment of prostate cancer in obese men. However, to date, solid data to substantiate our anecdotal experience regarding the technical difficulties in performing radical prostatectomy in obese men are limited.


Beyond technical issues, obesity may also influence the oncologic outcome among men undergoing radical prostatectomy. First, earlier studies found an increased incidence of positive surgical margins and capsular incision among men with higher BMIs.19,20 Similarly, men with higher BMIs present with higher-grade tumors and more advance pathologic stages.21 On postsurgical follow-up, men with an elevated BMI (≥30 kg/m2) are at significantly increased risk of biochemical recurrence relative to men with a lower BMI, as denoted by an elevated postoperative PSA test result (>0.2 ng/mL or two values at 0.2 ng/mL).19,22,23 More ominously, increased body weight was found to be associated with an increased risk of death from prostate cancer in a large, prospectively studied population.24 Thus, obesity may well exert a biologic effect on prostate cancer that promotes aggressiveness and disease progression. However, in terms of health-related quality of life after radical prostatectomy, prospective studies have so far failed to demonstrate large differences between mildly obese men and men of normal weight.25-27 For a more detailed review of obesity and prostate cancer, we recommend the article by Buschemeyer and Freedland in European Urology.28









Kidney Cancer


Obesity, particularly in women, has been shown to be associated with renal cell carcinoma (RCC).24,29 A high BMI was found to be a strong risk factor for RCC; several underlying mechanisms were suspected, including higher insulin and estrogen levels, hypertension, hypercholesterolemia, and impaired host immune response.30 Boeing and colleagues31 examined determinants such as smoking, diet, occupational hazards, beverage consumption, medications, and obesity in a case-control cohort of 277 patients with RCC and 286 matched controls and found that specific dietary patterns associated with obesity, such as consumption of fatty foods and meat products, may explain the higher incidence of RCC in industrialized countries relative to developing countries.31 Indeed, in a large retrospective study involving 363,992 men, investigators from the National Institutes of Health found that obese men, especially those with a history of tobacco use and elevated systolic blood pressures, have an increased long-term risk for RCC.32


As in prostate cancer, open surgical procedures for RCC can be technically difficult in patients with severe adiposity. Thus, wide interest exists in prescribing laparoscopic procedures for obese patients because these less invasive approaches have been found to be safe and effective for these subsets of patients.33,34 However, a study of 210 patients who were treated with laparoscopic surgery for RCC revealed that BMI was a significant risk factor for major postoperative complications.35 The investigators further reported that with every unit increase in BMI, the risk of a major complication increased by 14%. Finally, with regard to clinical outcome and cancer-specific mortality, overweight and obese patients have higher risk of death from kidney cancer relative to patients of normal weight.24









Bladder Cancer


Compared with prostate and renal cancer, published reports of relationships between bladder cancer and obesity are scarce. In 1994, an epidemiologic study of 514 patients with bladder cancer found that beyond the well-known link with smoking, obesity was also a significant risk factor for bladder cancer.36 However, a large prospective study of nearly 1 million people found no link between BMI and bladder cancer mortality.24 With regard to diet, reports on the association between high fat intake and bladder cancer have been conflicting.37,38


With respect to surgical outcome for radical cystectomy, abundant reports show not only that obesity contributes to the technical challenge of the operation but also that higher BMI increases the risk of perioperative complications. In a retrospective analysis of 304 consecutive patients who underwent radical cystectomy and urinary diversion for bladder cancer, increased BMI was independently associated with higher estimated blood loss.39 This finding was later confirmed in a cohort of 498 patients; the investigators further concluded that, along with greater blood loss, an increased BMI was also independently associated with prolonged operative time and increased rate of complications.40












Obesity and Benign Urologic Conditions


Several nonmalignant urologic conditions are also unfavorably affected by an increased BMI and morbid obesity.






Benign Prostatic Hyperplasia and Lower Urinary Tract Symptoms


Obesity is a known risk factor for lower urinary tract symptoms (LUTS) and BPH. Indeed, a large-scale, cross-sectional study from the Prostate Study Group of the Austrian Society for Urology found a link between BPH and obesity.41 The relationship between obesity and LUTS was further confirmed in a report from Johns Hopkins University in Baltimore on 2797 men from the Third National Health and Nutrition Examination Survey.42 In another confirmatory study, BPH was found to be associated with increased serum insulin levels and abdominal obesity as opposed to BMI itself.43 The biologic link between obesity and BPH likely has its origin in the association of obesity with hyperinsulinemia and the status of insulin as a direct prostate growth factor.44









Erectile Dysfunction


Obesity, particularly central obesity, is a known predictor of erectile dysfunction in men.45 Both atherosclerosis and diabetes mellitus, which are associated with obesity, play significant roles in the development of erectile dysfunction. Although the underlying cause for erectile dysfunction is thought to be multifactorial, investigators have suggested that obesity increases the risk of erectile dysfunction of vascular origin as a result of the development of chronic vascular disease.46 Obesity is also known to increase the risk of diabetes. The microvascular complications characteristic of diabetes exert deleterious effects on erectile tissue similar to the pathologic features of diabetic nephropathy, retinopathy, and gastroparesis.47 Furthermore, weight loss is the only known lifestyle intervention that can improve erectile dysfunction.48









Stress Urinary Incontinence


Pelvic floor weakness leading to stress urinary incontinence (SUI) in women is aggravated by increased intra-abdominal pressure and is closely associated with truncal obesity.49 A report examined the association of bladder function with smoking, food consumption, and obesity in 6424 women with SUI and found a strong relationship between SUI and obesity.50 These findings were confirmed in a questionnaire-based study conducted in Norway involving 27,936 women.51 The proposed underlying mechanism for the association between high BMI and incontinence is that a high BMI leads to increased intravesical pressures and thus lowers the differential between the detrusor pressure and leak point pressure such that incontinence is more likely to occur.52 With regard to the perioperative effect of obesity in surgical treatment of SUI, a study involving 250 women who underwent retropubic anti-incontinence procedures revealed that operative time was significantly longer for obese women; however, blood loss and major perioperative complications were similar across BMI groups.53









Urolithiasis


Urinary stone formation has been linked to obesity, as illustrated by a report on 527 calcium oxalate stone formers wherein an increased BMI was strongly associated with an elevated risk of stone formation for both men and women.54 However, a retrospective study of 5492 stone formers revealed that the association between obesity and stone formation was significant only in women.55 In a study conducted at Duke University in North Carolina, the major metabolic abnormalities found in obese stone formers that were possible contributors to recurrent stone formation were hypocitraturia, gouty diathesis, and hyperuricosuria.56 An inverse association between pH and body weight suggests that production of excessively acidic urine promotes urate nephrolithiasis in obese stone formers.57


With respect to urologic procedures to treat stone disease, obesity adversely affects outcome following extracorporeal shock wave lithotripsy (ESWL). In a report examining clinical and radiologic variables associated with poor outcome after ESWL, along with obesity, pelvic ureteral stones, stones >10 mm, and obstruction were independent predictors of unsuccessful outcome.58 Thus, because of the probability of treatment failure, obese patients may be better served by endourologic procedures than by ESWL.















MALNUTRITION


At the opposite end of the nutritional spectrum from overnutrition and obesity is malnutrition. With regard to the surgical patient, malnutrition has been associated with an increased incidence of nosocomial infection, poor wound healing, an increased length of hospital stay, multiorgan dysfunction, and mortality.59 Various scientific investigations have demonstrated that deterioration of nutritional status has an invariably deleterious effect on surgical outcome. As early as 1932, Cuthbertson60 reported the association of impaired wound healing with negative nitrogen balance in trauma patients. A more recent prospective study conducted in a cohort of patients who did not have cancer used four clinical parameters to predict perioperative morbidity:



1. Percentage of ideal body weight



2. Preoperative percentage of weight loss



3. Arm muscle circumference



4. Serum albumin


Results of the study revealed that patients with at least one abnormal clinical parameter had a significant increase in the incidence of major complications and in length of hospital stay relative to patients with normal preoperative parameters.61 Not only has malnutrition per se been implicated in surgical complications, but also certain types of nutrient deficiency, protein malnutrition in particular, may lead to more severe postoperative problems. Relative to protein-calorie malnutrition, which is characterized by a lack of both proteins and carbohydrates, severe protein malnutrition leads to low serum albumin concentration, edema, and a high prevalence of acute infections.62 Thus, it is evident that nutritional status is a key clinical parameter demanding thorough evaluation in the surgical patient to prevent nutrition-related complications.









NUTRITIONAL STATUS ASSESSMENT


Traditionally, clinicians relied on anthropometric measurements, which they compared with tables providing ideal weight-for-height estimates to evaluate the nutritional status of patients.63 Clinicians also determined body mass composition determinants such as lean body mass based on limb skinfold or circumference measurements and used these variables as indicators for adequacy of nutrition. However, problems pertaining to the precision of anthropometric measurements, the wide intraobserver and interobserver variations, and the lack of reliable reference standards have challenged the validity of these methods in ascertaining nutritional health of the surgical patient.59 These issues surrounding the traditional methods of screening for malnutrition led to an interest in studying serum markers for more accurate determination of preoperative nutritional competence.


Serum albumin is by far the most commonly used biochemical parameter to assess for nutritional status in the surgical patient. The National Veterans Affairs Surgical Risk Study involved a very large prospective observational investigation of 54,215 patients and found that preoperative serum albumin level was a highly reliable predictor of 30-day operative mortality and morbidity after major noncardiac surgery.64 To validate this finding in urologic surgery, McLaughlin and colleagues65 performed a similar analysis on 643 patients who underwent major urologic operations, compared preoperative and intraoperative factors, and sought to identify risk factors associated with complications after urologic surgery. Their study revealed that serum albumin was one of the five most significant preoperative determinants associated with 30-day morbidity (along with histories of congestive heart failure, diabetes with end-organ damage, angioplasty, and quadriplegia). Specifically, low serum albumin levels (≤35 g/L) conferred 2.5 times greater risk of incurring a postoperative morbidity in patients undergoing urologic operative procedures.


Although serum albumin is emerging as a robust clinical marker of nutritional status with clear advantage over anthropometrics, controversies remain especially with regard to the reliability of the serum marker in more elderly patients.66 Other visceral protein biomarkers of interest to both physicians and nutritionists include prealbumin and retinol-binding protein,67 which are fairly well maintained in the geriatric population compared with albumin. However, the use of these soluble proteins to gauge nutritional insufficiency can be limited by fluid shifts, increased vascular permeability, and altered hepatic protein metabolism in response to stress. Technologic advances such as total body nitrogen measurement, dual radiographic absorptiometry, and bioelectrical impedance may circumvent these limitations68 and become the future standards of care. Until these newer modalities are fully tested and validated in a true patient population, serum albumin determination will remain a simple and readily available applicable test for nutritional assessment in the urologic patient.









INFECTION AND UROSEPSIS


Although community-acquired urinary tract infections (UTIs) are very common and are considered relatively easy to treat, complicated UTIs such as those acquired in the hospital setting are a legitimate cause for concern in urology. The term complicated UTI connotes infections brought about by a functional or anatomic abnormality in the urinary tract, but it may also be used to indicate an infection that occurs in a patient with altered defense mechanisms.69 When an infection previously localized to the urinary tract enters the bloodstream and causes a systemic infection, urosepsis ensues.


Judicious use of prophylactic antibiotics in surgical procedures has served to minimize the incidence of these preventable yet potentially lethal complications in urologic practice.70 However, the rising incidence of antimicrobial resistance, especially of gram-positive pathogens such as methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant enterococci (VRE), can lead to treatment failure and life-threatening sepsis.71 Moreover, the increasing numbers of patients who are immunocompromised either by an underlying disease (e.g., HIV/AIDS) or through concurrent medical therapy (e.g., steroids, anticancer chemotherapy)72 also lead to greater infection risk. These risk factors are particularly relevant when surgery entails instrumentation and manipulation of the urinary tract. Given that certain host factors predispose the urologic patient to complicated infection, it is necessary to determine the need for antimicrobial prophylaxis preoperatively and to prevent the occurrence of systemic septicemia.


Both demographic factors and medical conditions play a role in susceptibility to complicated UTI. Advanced age in a patient should alert the urologist to the possible presence of UTI. The prevalence of UTI increases with age and reaches approximately 3.6% in men ≥70 years old and 7% in women ≥50 years old.73 As previously discussed, nutritional imbalances leading to obesity and malnutrition could impair cellular immunity and thereby predispose patients to UTI. Preexisting local or systemic infections intuitively are associated with complicated UTI.


Recent antimicrobial use has been linked to complicated UTI, possibly through two mechanisms: (1) antibiotic therapy fails, and the initial infection, either systemic or local, progresses to complicated UTI or frank urosepsis; or (2) antibiotics used to eliminate competing pathogens promote the growth of resistant strains and lead to infection with a more virulent strain.74 Diabetes mellitus not only increases the incidence of UTI in adults but also contributes to a complicated course despite antibiotic prophylaxis and treatment. This situation is the result of defects in the secretion of urinary cytokines and increased adherence of microorganisms to the uroepithelial cells in diabetic patients.75


Not surprisingly, many urologic and medical renal conditions are associated with an increased incidence of complicated UTIs and urosepsis. One of the most consistent contributors to complicated UTI is obstruction of the urinary tract.76 This underlying mechanism encompasses the following: intrinsic disorders of the kidney, renal pelvis, and ureters (e.g., congenital anomalies including vesicoureteral reflux, renal or ureteral calculi, neoplasms, strictures); extrinsic abnormalities of the upper urinary tract (e.g., aberrant vessels, retroperitoneal hematomas or fibrosis, nonurologic neoplasms); and disorders of the bladder and bladder neck (e.g., BPH, prostate and bladder cancer, cystolithiasis, bladder neck contracture) and urethra (e.g., valves, strictures). Functional impairment of the bladder, as seen in spastic or atonic neurogenic bladder, may have the same consequences as conditions causing physical obstruction.77 Renal diseases, whether unilateral, bilateral, or segmental, may also complicate UTI and include conditions such as azotemia, polycystic kidney disease, and papillary necrosis, as well as nephropathies brought about by abuse of analgesics such as nonsteroidal anti-inflammatory drugs.78


Immunosuppressed urologic patients present a unique problem with regard to susceptibility to complicated UTI. Whether impairment of immunologic response was brought about iatrogenically (e.g., patients with cancer who are undergoing chemotherapy, transplant recipients receiving steroids) or is the result of a disease process (e.g., HIV/AIDS, persistent neutropenia or granulocytopenia),72 avid use of broad-spectrum antibiotics not only for common infections but also for opportunistic organisms should be considered by the urologist for an optimal clinical outcome. Finally, urologic instrumentation leads to an increased probability of introducing microorganisms into an otherwise sterile urinary tract and thus predisposes patients to infections. The same principle applies to urologic procedures in which foreign bodies are purposefully left in the human body (e.g., ureteral stents, penile prostheses).79 Although intended to elicit only a minimal inflammatory response, any foreign body can serve as a nidus of infection and must be removed promptly when it is determined to be the source of infection or when its presence in the body contributes to a complicated UTI.









QUANTIFYING COMORBIDITY


In medicine, comorbidity is defined as the effect of all other pathologic conditions an individual patient may have other than the primary disease of interest. The very nature of comorbidities, as secondary or lesser diseases of interest, has led to some indifference among practicing clinicians and research investigators regarding the significance of these illnesses in treatment decision making and survival outcomes. Because of the significant correlation between advanced age and increased prevalence of preexisting comorbidities at the time of surgery, physicians have traditionally used age as a surrogate for the effects of concurrent medical conditions, especially in elderly urologic patients.80 Although no one can discount the value of age in treatment decisions,80 the use of age as a strict criterion that may deny appropriate curative therapy to healthy older patients is unacceptable and may even have litigious consequences.


The impact of comorbidities is substantial in the field of urology, particularly in urologic oncology. An analysis of 34,294 newly diagnosed cases of cancer in patients from the Netherlands Eindhoven cancer registry showed that, aside from lung cancer (58%) and stomach cancer (53%), the crude prevalence of comorbidities was highest in malignant diseases of the kidney (54%), bladder (53%), and prostate (51%).81 In terms of prognosis, Post and colleagues82 acknowledged that comorbidity was the most important prognostic factor for 3-year survival in a population-based study of 1337 patients with localized prostate cancer. In a series of 1023 consecutive radical nephrectomies and nephron-sparing surgical procedures for RCC in Dresden, Germany, comorbidities were closely associated with overall morbidity and mortality.83 With regard to treatment-related side effects, both peripheral vascular disease and diabetes have been shown to be significant risk factors for development of impotence following external beam radiation for prostate cancer as well as for gastrointestinal and genitourinary toxicities.84 Thus, comorbidities can affect almost all aspects of urologic disease but most importantly the incidence of posttreatment morbidity and all-cause death.


Up until the late 1980s, the effects of comorbidities were largely unquantifiable and subjective. As a result, certain beliefs and attitudes in clinical practice were based mostly on anecdotal data rather than on appropriate evidence-based information. This need for methods to quantify the effects of comorbidities adequately led to the development of comorbidity scoring systems, which are gaining utility for both research and clinical purposes.


The most extensively studied and most commonly used comorbidity scoring scheme in medicine is the Charlson Index score.85 Dr. Mary E. Charlson, a clinical epidemiologist and methodologist who was interested in improving clinical outcome in both medical and surgical patients, first published the index in 1987 at Cornell University in Ithaca, New York. The Charlson Index is a list of 19 pathologic conditions (Table 1-1). Based on the proportional hazards regression model that Charlson constructed from clinical data, each condition is an assigned a weight from 1 to 6. The Charlson Index score is the sum of the weights for all concurrent diseases aside from the primary disease of interest. Thus, for example, in men with prostate cancer, although cancer is generally assigned a score of 2, in this case, men are assigned no points for prostate cancer because it is the primary index disease. In a cohort of 685 patients with breast cancer in the original study, the Charlson Index score showed a strong association of a 2.3-fold increase in the 10-year risk of mortality per 1-point increment in the comorbidity level.


TABLE 1-1 Weighted Index of Comorbidity [Defined by the Charlson Index]






	Assigned Weights for Diseases

	Conditions






	1

	Myocardial infarct






	Congestive heart failure






	Peripheral vascular disease






	Cerebrovascular disease






	Dementia






	Chronic pulmonary disease






	Connective tissue disease






	Ulcer disease






	Mild liver disease






	Diabetes






	2

	Hemiplegia






	Moderate or severe renal disease






	Diabetes with end organ damage






	Any tumor






	Leukemia






	Lymphoma






	3

	Moderate or severe liver disease






	6

	Metastatic solid tumor






	AIDS







Assigned weights for each condition that a patient has. The total equals the score. Example: chronic pulmonary (1) and lymphoma (2) = total score (3).


From Charlson ME, Pompei P, Ales K, MacKenzie CR. A new method of classifying prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis. 1987;40:373-383.


The Charlson Index score provides a simple means to quantify the effect of comorbid illnesses, incorporate the severity of a particular disease (diabetes without complications versus diabetes with end-organ damage), and account for the aggregate effect of multiple concurrent disease processes on clinical outcome, most often mortality. In prostate cancer research, the Charlson Index score has been avidly evaluated as a predictor of both cause-specific mortality and all-cause mortality. Albertsen and colleagues86 showed that the Charlson Index score provided significant predictive information on cancer-specific and all-cause survival independent of age, Gleason score, or clinical stage in a cohort of 451 patients with Jewett-Whitmore stage A1-B prostate cancer treated with hormonal ablation. In 2002, a competing risk analysis of 751 men who were undergoing radical prostatectomy for clinically localized prostate cancer at the Mayo Clinic in Rochester, Minnesota showed that whereas the Gleason score emerged as the only significant predictor of prostate cancer–specific mortality, both the Charlson Index score and the Gleason score were predictive of overall mortality.87 Comparable results were reported by other groups who performed similar analyses using Charlson Index scores in prostate cancer out`come studies.82,88,89


The clinical utility of the Charlson Index score extends to other urologic diseases as well. With regard to bladder cancer, the Charlson Index score was evaluated in predicting adverse pathologic characteristics, cancer-specific death, and overall survival following radical cystectomy.90 Logistic regression revealed that the Charlson Index score was independently associated with an increased risk of extravesical disease. Cox regression models further revealed that the index was significantly associated with decreased cancer-specific survival. In 302 men undergoing transurethral resection of the prostate (TURP) or simple prostatectomy for BPH, the Charlson Index score correlated with 5-year mortality.91 Thus, even for nononcologic urologic operations, comorbidity indices have demonstrated power for predicting mortality following surgery.


Aside from being scientifically validated for use in urologic surgery, the Charlson Index has other notable advantages in urologic practice and clinical research. Administrative database codes known as International Classification of Diseases codes, ninth revision with or without clinical modification (ICD-9/ICD-9CM) and implemented by almost all hospitals in the United States can be used to calculate the Charlson Index score for a particular patient.92 Ideally, meticulous chart review for each individual patient should be done to ensure a completely accurate Charlson Index score because the ICD-9 codes may not be up to date for that particular patient. However, studies have shown that the predictive properties of indices computed using either ICD-9 codes alone or detailed chart review are comparable.93


The Dartmouth-Manitoba version was the first adaptation of the Charlson Index score to use ICD-9 diagnoses.94 Other adaptations published by Deyo and associates,95 D’Hoore and colleagues,96 and Ghali and associates97 further simplified the translations from ICD-9 to Charlson Index score while maintaining validity and relevance for prediction of clinical end points such as 1-year mortality, in-hospital mortality, or postoperative death. Limitations to the Charlson Index score, as previously alluded to, include coding errors (particularly when relying on ICD-9 codes), incomplete medical histories, and determination of whether a diagnosis is a comorbidity at hospital admission or a complication arising during the hospital stay.98 Furthermore, because of the lack of definitive comorbidity studies for all urologic diseases, the correlations of the comorbidity index to outcome may vary among disease entities and surgical procedures.


Other indices of comorbidity are available but have not been as broadly used as the Charlson Index. Three prime examples are the Index of Co-Existent Disease (ICED),99 the Kaplan-Feinstein Index (KFI),100 and the Cumulative Illness Rating Scale (CIRS).101 Similar to the Charlson Index, the ICED, KFI, and CIRS are designed to measure the impact of concurrent diseases on prognosis. Because of the lack of definitive head-to-head comparisons of the various methods of comorbidity assessments, no clear-cut evidence exists to establish the advantage of one scale over the other.102 In fact, in a study in which Charlson Index scores were shown to be predictive of 5-year mortality following TURP for BPH, similar analysis using the KFI and ICED demonstrated comparable predictive power.91


Although the Charlson Index is the most widely used, its role as a robust prognostic indicator for many disease entities remains unclear. Given the upswing in interest in this field, we anticipate that future validation of this and other indices will be forthcoming.









CONCLUSION


It is the ultimate goal of every urologist to provide the best possible care for the urologic patient. The projected surge in life expectancy in this new millennium translates into an analogous increase in urologic patients who will potentially present with various comorbid diseases. These patients will require thorough evaluation including addressing of associated comorbidities to obtain an excellent outcome. The impact of host factors and comorbidities cannot be taken lightly because more and more scientific evidence points to associations of these pretreatment parameters with a heightened risk for undesirable posttreatment complications. In particular, obesity, which is associated with other significant comorbidities and has been found to affect both the urologic disease process and consequent complications, must be investigated comprehensively. Furthermore, adequate assessment of nutritional status to ensure sufficient nutritional support in the surgical patient is also warranted.


Patients with host factors that predispose them to infections may require prophylactic antibiotic coverage and must be closely monitored to anticipate the need for further antimicrobial treatment to prevent urosepsis. Finally, various comorbidity scoring systems are being investigated for their clinical value and may further provide urologists and other clinicians with more accurate predictive models for assessing the risk of complications among patients with urologic diseases. As subsequent chapters in this book delve into more organ-specific, urologic disease–specific, or procedure-specific complications, we encourage the readers to make every effort in taking a broad, encompassing approach when evaluating urologic patients by diligently considering the effects of comorbid conditions in each individual person.
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Some say we can get along on only 20 percent of our lung capacity, but that dragging sort of existence is a poor substitute for the vitality we enjoy when the twin bellows of our lungs are taking in great drafts of oxygen.


—Gene Tunney


World heavyweight boxing champion, 1926 to 1928







KEY POINTS






1. Patients who are at risk for developing pulmonary complications need to be identified preoperatively so that special measures can be undertaken in the perioperative period either to avoid or to mitigate complications.



2. For any patient receiving anesthesia, and especially for those undergoing urologic surgical procedures involving an incision that breaches muscles used during respiration, pulmonary rehabilitation is critical in preventing complications and in fostering the recuperation of normal respiratory status.



3. Surgical patients are also predisposed to atelectasis because of the rapid, shallow breathing pattern and the inhibiting effect of analgesia on spontaneous sighing that is commonly seen in the postoperative setting.



4. Infectious respiratory complications are more common in patients with risk factors such as COPD, altered lung defenses, and active smoking.



5. In preventing PE in patients undergoing transurethral, laparoscopic, or low-risk procedures, early and persistent mobilization is recommended.



6. Recommendations for patients undergoing major open urologic procedures include intermittent pneumatic compression, use of graduated compression stockings, and early ambulation, in addition to VTE prophylaxis when indicated based on risk factors.





Indeed, the lungs are the essential respiratory organ of air-breathing vertebrates and sustain the fire of life by absorbing oxygen into the body and excreting carbon dioxide into the atmosphere. For surgical patients, safe airway management and the maintenance of optimal perioperative pulmonary function are instrumental to a successful recovery. Unfortunately, pulmonary complications do occur on multiple levels and at varying rates of clinical urgency. Although these complications have a wide range of causes, all affect either oxygenation or ventilation of the patient.


Postoperative pulmonary complications are a major cause of morbidity and mortality, and they result in prolonged hospital stays and increased health care costs. The risks of such complications depend on the susceptibility of the patient and on the type of procedure undertaken. Although definitions and analytical methods vary throughout the literature, the incidence of postoperative pulmonary complications, ranging from clinically significant atelectasis to respiratory failure, following abdominal or pelvic surgery has been reported to be between 20% and 30%.1-4 We define respiratory complication as any pulmonary abnormality that produces identifiable disease or dysfunction that is clinically significant and impairs a patient’s clinical course.5






PREOPERATIVE PULMONARY ASSESSMENT AND POSTOPERATIVE PULMONARY REHABILITATION


Patients who are at risk for developing pulmonary complications need to be identified preoperatively so that special measures can be undertaken in the perioperative period either to avoid or to mitigate these potential setbacks. As outlined by Smetana and coworkers,5 definite risk factors for developing postoperative pulmonary complications are as follows:



1. Chronic obstructive pulmonary disease (COPD)



2. Active tobacco smoking history



3. Cessation of smoking <8 weeks preoperatively



4. American Society of Anesthesiologists class >2



5. Serum albumin concentration <3 g/dL



6. Blood urea nitrogen level >30 mg/dL



7. Surgical procedures lasting >3 hours


Smoking tobacco is a well-known risk factor for postoperative pulmonary complications that increases the relative risk of these events among smokers as compared with nonsmokers by an odds ratio of 1.4 to 4.3.2,3 In their prospective study of 200 patients undergoing coronary artery bypass surgery, Warner and associates6 demonstrated that patients who had stopped smoking ≥8 weeks preoperatively had a significantly lower risk of pulmonary complications than did patients who were active smokers (14.5% versus 33%). Moreover, patients who had stopped smoking for >6 months had pulmonary complication rates similar to those patients who had never smoked (11.1% versus 11.9%). Surprisingly, patients who had quit smoking <8 weeks preoperatively experienced more untoward pulmonary events than did active smokers (57% versus 33%).


The most important patient-related risk factor for developing a postoperative pulmonary complication is COPD.7 Patients with severe COPD are up to six times more likely to have such a complication than are patients who do not have this disease. The subset of patients with COPD must be medically optimized before elective surgical procedures by the use of bronchodilators, physical therapy, antibiotics, smoking cessation (if they are active smokers), and corticosteroids in selected cases.8


The evaluation of preoperative pulmonary risk begins with a detailed history and physical examination to identify factors that prompt a thorough pulmonary evaluation such as exercise intolerance, tobacco smoking, chronic cough, sputum production, previous pulmonary surgery, previous chemotherapy (see later), dyspnea at rest or on exertion, wheezing, rales, cyanosis, or weakness or debilitation. Chest radiographs should be obtained in all patients with any of the foregoing risk factors for developing postoperative pulmonary complications. Smetana and colleagues9 published evidence-based guidelines for preoperative pulmonary function testing. According to this review, preoperative spirometry should be obtained in patients with COPD or asthma and in patients with unexplained dyspnea or exercise intolerance.


Postoperative pulmonary rehabilitation is as important as is the preoperative evaluation of each surgical patient. For any patient receiving anesthesia, and especially for patients undergoing urologic surgical procedures involving an incision that breaches muscles used during respiration, pulmonary rehabilitation is critical in preventing complications and in fostering the recuperation of normal respiratory status. Deep breathing exercises, incentive spirometry, coughing, sputum clearance, and early ambulation are all part of postoperative pulmonary rehabilitation.


In a prospective, randomized, controlled trial, Morran and coworkers10 concluded that routine prophylactic postoperative chest physical therapy significantly decreased the incidence of chest infection in patients who underwent open cholecystectomy (7% versus 19%). More recently, however, these notions were called into question. Pasquina and colleagues11 performed a systematic review of published randomized trials investigating prophylactic respiratory physical therapy and pulmonary outcomes after abdominal surgical procedures. Of the 13 trials that included a “no-intervention” control arm (and thus could produce meaningful conclusions), 9 studies failed to report significant differences. Pasquina’s group concluded that because of the paucity of trials that reported significant benefit, the routine use of prophylactic pulmonary physical therapy following abdominal surgery remains unproven and requires further study.11 Nonetheless, we still employ a rigorous postoperative respiratory rehabilitation program, especially in patients with pulmonary risk factors or in patients undergoing surgical procedures lasting >3 hours.









ATELECTASIS AND RESPIRATORY INFECTION


Atelectasis is the reversible collapse of alveoli in dependent lung areas. Studies suggest that atelectasis could also represent alveoli that are filled with fluid and foam.12 Ninety percent of anesthetized patients develop atelectasis, a complication believed to result from surfactant inhibition, gas resorption, or lung compression.13 Atelectasis occurs with both intravenous (IV) and inhalational anesthesia regimens, regardless of whether the patient is breathing spontaneously or is mechanically ventilated. Surgical patients are also predisposed to atelectasis because of the rapid, shallow breathing pattern and the inhibiting effect of analgesia on spontaneous sighing that is commonly seen in the postoperative setting.14 Although increased age was once thought to be a risk factor, it has not been shown to increase the propensity for development of atelectasis.15


Atelectasis is associated with the development of several pathophysiologic respiratory effects, including decreased compliance, impairment of oxygenation, increased pulmonary vascular resistance, and development of lung injury.16 Impairment of gas exchange, often the most obvious effect of atelectasis, leads to worsened arterial oxygenation in the absence of supplemental oxygen. The consequences of impaired oxygenation are frequently insignificant in a healthy lung, but they may necessitate the application of higher inspired oxygen concentration in a diseased lung.


The diagnosis of atelectasis is usually suspected when the alterations in lung physiology consistent with this entity (described earlier) occur in a likely setting, such as the postoperative period. Clinical findings such as dyspnea, tachypnea, or hypoxemia usually confirm this suspicion, but imaging with chest radiography or computed tomography (CT) often reliably confirms the diagnosis.17 Reversing or preventing atelectasis is possible in many patients in the postoperative period and is of proven benefit in preventing pulmonary complications.18 The most clinically important techniques or devices are those that encourage patients to inspire deeply and thus to produce a large and sustained increase in transpulmonary pressure to distend the lung and to reexpand collapsed lungs. Although some controversy exists regarding the routine use of prophylactic pulmonary physical therapy following abdominal surgical procedures, we strongly encourage the practice.


Postoperative pulmonary infections have an incidence in the literature widely ranging from 2.8% to 50% depending on the type of anesthesia, type of surgery, and patient risk factors.19 Infectious respiratory complications are not surprisingly more common in patients with risk factors such as COPD, altered lung defenses, and active smoking. Postoperative pneumonia delays recovery from the surgical procedure, and the resulting impairment of tissue oxygenation can delay wound healing. Rodgers and coworkers20 reported that patients who developed postoperative pneumonia had a 10% mortality rate, which was substantially higher when systemic sepsis ensued. Another large study of patients undergoing major noncardiac surgical procedures found that 1.5% developed postoperative pneumonia, and this cohort of patients had a 10-fold higher 30-day mortality rate did than patients who did not develop this complication.21


The two types of pneumonia most frequently encountered in the postoperative patient are aspiration and nosocomial. Aspiration pneumonia occurs after abnormal entry of fluid, particulate matter, or gastrointestinal secretions into the respiratory tract and can result in pulmonary complications by way of chemical pneumonitis, bacterial infection, or mechanical obstruction.22 Pneumonia resulting from aspiration is caused primarily by anaerobic bacteria that comprise the normal flora of the patient. Treatment of aspiration pneumonia involves antibiotics, supportive care, and removal of any aspirated material that is obstructing the respiratory tree.


Nosocomial pneumonia is acquired in the hospital and manifests ≥48 hours after admission; the definition of this condition excludes any infection present or incubating at the time of hospital admission.23 Unlike aspiration pneumonias, nosocomial infections of the lung are frequently polymicrobial and result from highly virulent bacteria, with gram-negative bacilli the predominant organism in 60% of cases.23


Treatment entails supportive care and empirical antibiotic coverage, with specific attention paid to frequent pathogens of a particular institution, such as methicillin-resistant Staphylococcus aureus, Pseudomonas aeruginosa, or Acinetobacter baumannii.24 Ventilator-associated pneumonia, a specific subset of nosocomial pneumonia, is bacterial pneumonia in patients with acute respiratory failure who have been intubated for >48 hours.23 Treatment of ventilator-associated pneumonia is similar to that for nosocomial pneumonia. Mortality rates of ≤40% have been reported for ventilator-associated pneumonia, and grave complications such as acute respiratory distress syndrome (ARDS) can develop.24


ARDS, a severe lung disease characterized by inflammation of the lung parenchyma that leads to impaired gas exchange with concomitant systemic release of inflammatory mediators, causes inflammation and hypoxemia, and frequently results in multisystem organ failure.25 Essentially, the pathophysiology of ARDS involves massive capillary leak resulting from excessive inflammatory response in the host’s lung tissue. Treatment of ARDS involves mechanical ventilation, treatment of underlying causes, supportive care, and antibiotic coverage if indicated.









PULMONARY EMBOLISM


Pulmonary embolism (PE) has historically been reported in ≤10% of patients following urologic surgical procedures, and with deep vein thrombosis (DVT) has been observed in ≤30% of patients who do not receive prophylaxis.26 One prospective observational study suggested a marked decrease in the incidence of PE, largely because of the institution of routine DVT prophylaxis, such as early ambulation, use of graduated compression stockings, and intermittent pneumatic compression.27 In this study, urologic patients, 40% of whom underwent open surgical procedures, had an overall PE rate of 0.87%. At our institution, we routinely use nonpharmacologic methods of thromboprophylaxis, such as compression stockings or pneumatic compression devices placed before induction of general anesthesia and then in the early postoperative period, particularly if the patient is not ambulatory. The 3-month mortality of PE has been reported to be 15%, despite current aggressive treatment guidelines.28 The use of anticoagulation treatment for venous thromboembolism (VTE), the clinical entity that comprises both DVT and PE, must be weighed against the risk of bleeding, especially in the postsurgical patient.


The statistically significant risk factors for postoperative DVT include the following29:



1. Increased age



2. Obesity



3. Previous history of VTE



4. Varicose veins



5. Oral contraceptive therapy



6. Malignant disease



7. General anesthesia



8. Orthopedic surgery



9. Factor V Leiden gene mutation (a thrombophilia)


Regional and spinal anesthetic regimens have been associated with a decreased risk of PE when compared with general anesthesia, purportedly as a result of the vasodilation of the lower extremities afforded by sympathetic blockade.30 This finding is of particular interest because many endoscopic urologic procedures can be performed with spinal anesthesia.


The most common symptoms of PE, according to two large prospective studies, are dyspnea (73%), pleuritic chest pain (63%), and cough (37%).31,32 More than 97% of patients with confirmed PE complain of at least one of these symptoms.31 Clinical decision models have been created to help in the diagnosis of PE.33,34 According to one such model developed by Kruip and coworkers,33 patients are stratified according to a points system. Patients who are considered “unlikely” to have PE should undergo D-dimer serum testing; if test results are negative, the diagnosis of PE is excluded.33 All other patients considered “likely” to have PE and patients with an abnormal serum D-dimer test results should undergo spiral CT of the chest. The spiral chest CT scan is the prevailing imaging modality used in the diagnosis of PE because it is readily available and safe. It cannot, however, be used in patients with renal insufficiency or an allergy to contrast dye. In these patients, a ventilation-perfusion scan is preferred, but many clinicians would rather treat patients with suspected PE empirically rather than rely on the poor sensitivity (41%) and specificity (10%) of this scan.31 A negative result on the spiral CT scan of the chest excludes the diagnosis of PE, whereas patients with positive scan results proceed to appropriate therapy.35


Anticoagulation therapy is the treatment of PE in patients without signs of cardiogenic shock or right ventricular dysfunction. Patients with evidence of right-sided cardiac dysfunction (submassive PE) or with signs of shock (massive PE) may also benefit from more aggressive therapies, such as fibrinolysis or embolectomy.36 The addition of thrombolytic therapy causes faster clot lysis than does heparin therapy alone, but the 12% incidence of major hemorrhage requires careful patient selection.36,37


The decision to use thrombolytic therapy should be made in consultation with a cardiologist. Inpatient anticoagulation therapy is initiated with IV heparin, which accelerates the actions of antithrombin III, helps to prevent the formation of additional clots, and promotes fibrinolysis of the existing clot. Therapeutic partial thromboplastin times (PTT) while patients are receiving IV heparin should be reached within 24 hours of treatment initiation; failure to do so has been associated with higher rates of further embolic episodes.38 Patients receiving heparin should have daily hemograms to monitor for the rare development of heparin-induced thrombocytopenia, which necessitates immediate cessation of heparin therapy and possible initiation of alternative forms of anticoagulation.


Absolute contraindications to heparin therapy are active bleeding, severe bleeding diathesis, a platelet count ≤20,000/mm3, neurosurgical or ocular surgical procedures performed within the past 10 days, or intracranial bleeding within the past 10 days.39 The placement of an inferior vena cava filter is indicated in patients with a contraindication to anticoagulation therapy or with recurrent VTE despite maximal medical anticoagulation therapy. Warfarin sodium, an oral vitamin K antagonist, remains the mainstay of outpatient anticoagulation therapy, although patients can also be maintained on subcutaneous injections of heparin or low-molecular-weight heparin.


The seventh American College of Chest Physicians Conference on Antithrombotic and Thrombolytic Therapy made recommendations for the use of antithrombotic and thrombolytic therapy in urologic patients.40 For patients undergoing transurethral, laparoscopic, or low-risk procedures, early and persistent mobilization is recommended. Recommendations for patients undergoing major open urologic procedures include intermittent pneumatic compression, use of graduated compression stockings, and early ambulation. These recommendations in combination with the identification of VTE risk factors offer reasonable guidelines for urologic thromboprophylaxis.









PULMONARY COMPLICATIONS OF OPEN AND LAPAROSCOPIC UROLOGIC SURGERY


Given the anatomic proximity of the kidneys and adrenal glands to the costodiaphragmatic pleural spaces, inadvertent violation of the thoracic cavity during open or laparoscopic surgical procedures is possible. Pleural entry during surgical procedures of the flank can result from the intimate association between the pleura and lower ribs: the pleura extends down to the 11th rib in the posterior axillary line and to just below the 12th rib in the area of the vertebral column. Riehle and Lavengood41 observed that pleural violation usually occurs while the surgeon attempts to separate the pleura and diaphragm during dissection within the intercostal space or because of failure to mobilize the diaphragm sufficiently before retractor placement. Entry into the pleural space is sometimes expected during a flank incision, especially if a rib resection is necessary. Investigators have also reported cases of a kidney tumor invading the diaphragm and necessitating resection of that tissue with subsequent repair.42


Open flank surgical procedures for nephrectomy are associated with a risk of pleural injury in >23% of cases, and pneumothorax is a known complication of this surgical approach.43 In reports by Shaffer and associates44 and by Stephenson and colleagues,45 pneumothorax incidence after open nephrectomy ranged from 1% to 10%; 1% of patients undergoing open nephrectomy required postoperative chest tube placement. Most pleural injuries during flank surgical procedures are recognized intraoperatively, and 99% of pneumothoraces are found in patients who sustained an intraoperative injury.46 Modifications of the traditional flank incision, such as the supra-11th mini-flank incision, help to prevent pleural injury during open surgical procedures of the kidney.47


Pleurotomies recognized intraoperatively during open flank surgical procedures can usually be repaired without difficulty or sequelae.48 Adequate mobilization of the diaphragm is usually paramount to facilitate these closures. A 12-Fr rubber catheter is initially placed through the defect and into the pleural cavity, and the pleura is closed with absorbable or nonabsorbable suture in a running pattern. Next, the lung is expanded with positive pressure ventilation; this maneuver forces out the remaining air within the pleural cavity through the end of the catheter, which has been submerged in a container of fluid. The catheter is removed when air ceases to bubble out of its submersed tip. At the same time the catheter is removed from the pleural space, the running suture is tied while the lung remains expanded.


Compared with open flank surgical procedures, diaphragmatic injury during laparoscopic nephrectomy or adrenalectomy is rare, with a reported incidence as low as 0.6%.49,50 Unlike its open counterpart, laparoscopic urologic surgical procedures are performed during insufflation of the peritoneum or retroperitoneum with carbon dioxide. This gas can seep into the pleural space through small diaphragmatic injuries and can cause sudden collapse of the ipsilateral lung. The resulting pneumothorax can be catastrophic if it is not recognized quickly. The diaphragm may also begin to billow into the surgical field, the so-called floppy diaphragm sign of pleural injury.51 These injuries can also result from endoscopic instruments, such as retractors, that are not in view of the laparoscope, and recognition of the problem may be delayed until the patient begins to show signs of decompensation. Because laparoscopic diaphragmatic injuries may not be as obvious as in open surgical procedures, they manifest more commonly as emergencies.


As in open surgical procedures, suspected diaphragmatic tears during laparoscopy should be repaired primarily, if possible. Depending on the severity of the injury and the clinical status of the anesthetized patient, these repairs can be performed either immediately or after the specimen has been removed. Delaying repair until after specimen extraction may provide better visualization of the injury; however, unstable patients require immediate attention to this complication. In a review of 1765 laparoscopic renal procedures, Del Pizzo and colleagues50 noted that diaphragmatic injury was able to be addressed at the end of the case when the patient remained hemodynamically stable without acute respiratory decompensation.50 If repair can be delayed, then it is advised to decrease the pneumoperitoneum to 10 mm Hg to limit the extent of any present pneumothorax, to facilitate patient ventilation, and to allow for tension-free anastomosis.52


In repairing large diaphragmatic injuries, the laparoscope can be used to inspect the pleural cavity for any direct pulmonary injuries. Laparoscopic suturing devices or needle drivers are used to close the injury with interrupted figure-of-eight nonabsorbable sutures.50 Before complete closure of the injury, the laparoscopic suction device is inserted through the rent into the pleural cavity to evacuate any residual air, while a large inspiratory breath is given to the patient by the anesthesiologist. Then the final stitch is secured as the suction device is removed from the pleural cavity. For smaller diaphragmatic insults, such as cautery burns, simply oversewing the area of injury usually suffices, as in open surgical procedures.50


Other techniques have been described for repair of diaphragmatic injuries during laparoscopy. These include the use of nonabsorbable sutures with pledgets for tenuous closures, polyglactin mesh stapled over the defect or gelatin thrombin matrix for small defects, and placement of allogenic material, such as polytetrafluoroethylene (PTFE), for large defects.52-55 Insertion of a chest tube is generally unnecessary unless there is pleural bleeding, injury to the visceral pleura, or failure of the foregoing techniques.50 If a thoracostomy tube is indicated, it can be placed under vision by passing the laparoscope through the diaphragmatic opening before inserting the chest tube. Postoperatively, patient hemodynamic or respiratory decompensation would certainly justify thoracic surgical consultation and chest tube insertion.


Historically, it had been the standard of care to obtain a chest radiograph after every open flank surgical procedure regardless of the index of suspicion for pleural injury. Latchemsetty and colleagues46 concluded that postoperative chest radiographs are not routinely needed after open nephrectomy unless they are clinically indicated by, for example, one of the following:



1. Central line placement



2. Intraoperative diaphragmatic injury



3. Respiratory distress



4. Abnormal physical examination findings


Similarly, investigators have noted that postoperative chest radiographs are not useful in patients who undergo uncomplicated laparoscopic surgical procedures.56









PULMONARY COMPLICATIONS OF PERCUTANEOUS NEPHROLITHOTOMY


Percutaneous nephrolithotomy (PCNL) is generally a safe treatment option. Most of the complications and injuries to surrounding organs develop from the initial puncture. Total complication rates, including insignificant bleeding and fever, are reported to be as high as 83%.57,58 The rates of significant bleeding requiring transfusion and of sepsis are 5% to 18% and 1% to 4.7%, respectively.59 Regarding pleural injuries, complication rates have been reported to range from 2.3% to 23%, depending on the definition of injury.58-60


Anatomically, the lower border of the pleural reflection crosses the 10th rib in the midaxillary line and crosses the 12th rib posteriorly at the lateral border of sacrospinal muscle.61 The posterior portion of the diaphragm arises from the tips of the 10th to 12th ribs and from the lateral and medial arcuate ligaments. Meanwhile, the 11th and 12th ribs cross the upper pole of the kidney. Thus, all supracostal nephrostomy tracts traverse the diaphragm, and in many cases also the pleural space, but the lung may be avoided.62


Not surprisingly, the rates of thoracic complications are higher with the supracostal approach for PCNL.60,63 Subcostal punctures are associated with fewer complications, but under certain circumstances, such as scoliosis, high kidney position, staghorn calculi, upper calyx stone, stone in proximal ureter or pelvis, or duplicated collecting systems, the optimal access route is through a supracostal approach to the upper pole of the kidney.64 Decreased pulmonary complications have been reported under C-arm fluoroscopic guidance, a technique that also helps to prevent injury to the spleen, liver, bowl, and renal hilum.65 In addition, punctures should be performed after maximal exhalation, when the lungs are smallest. Hopper and Yakes66 observed that at end expiration, the likelihood of violating the pleura with supracostal access was 29% on the right and 14% on the left. Nonetheless, a 16-fold greater risk of pleural injury is reported when the puncture is made above the 11th rib as compared with supra-12th rib access.60 Thus, many urologists avoid supra-11th rib access if possible.


The use of an adequately sized working sheath during supracostal PCNL seals the pleural opening and prevents pneumothorax and hydrothorax while allowing for stone removal and irrigation.60 During PCNL, maintaining low pressure within the irrigation system minimizes the chances of fluid and air entering the pleural space through the pleural opening from a supracostal approach. Postprocedurally, the drainage catheter should be large enough to tamponade the tract.65


Intrathoracic complications, most of which are hydropneumothoraces, following supracostal access for PCNL occur at rates between 3.1% and 12.5%.60,67 Many urologists routinely obtain postoperative upright chest radiographs to evaluate for these possible injuries. Ogan and coworkers68 prospectively noted that intraoperative chest fluoroscopic examination during PCNL is sufficient to detect clinically significant hydropneumothoraces and recommended that routine immediate, postoperative chest radiographs are not necessary unless postoperative clinical symptoms become suspicious. These investigators found that both fluoroscopic examinations and upright chest radiographs yielded high false-negative rates when compared with chest CT scans; however, most missed fluid collections were clinically insignificant. Pleural fluid that becomes clinically significant most likely accumulates later in the postoperative period, at which time the development of symptoms or signs warrants imaging and possible intervention.68


Golijanin and coworkers63 reported a 3.5% incidence of thoracostomy tube placement in 115 patients who underwent supracostal PCNL. The incidence of pulmonary complications that necessitate surgical intervention after a supra-12th rib approach ranges from 3% to 23%.65,68 To avoid painful chest tube placement postoperatively by a thoracic surgeon, Ogan and Pearle69 described inserting an 8- to 10-Fr loop nephrostomy tube intraoperatively using real-time fluoroscopic guidance into the pleural space of patients who had developed significant hydropneumothorax following supracostal PCNL. These investigators detected significant hydropneumothoraces using intraoperative fluoroscopy and believed that an advantage of this procedure is maintained drainage in cases requiring second-look flexible nephroscopy, which could introduce additional fluid and air into the pleural space. Traditional thoracostomy tube placement is recommended when significant drainage, blood, or parenchymal injury to the lung is detected.


A rare pulmonary complication of PCNL is nephropleural fistula. Lallas and colleagues70 retrospectively reported rates of nephropleural fistulas following supracostal PCNL as 2.3% (2 of 87 cases) in supra-12th rib access and 6.3% (2 of 32 cases) in supra-11th rib access. These fistulas were managed with decompression of the collecting system with ureteral stent, endourologic treatment of any obstruction resulting from residual stone fragments, and decompression of the pleural space with a thoracostomy tube. Refractory cases of intra-thoracic fluid accumulation may require decortication with pleural sclerosis via a thoracic surgical procedure. This group also suggested obtaining antegrade nephrostograms before removing the nephrostomy tube in patients to aid in the diagnosis of this uncommon fistula; however, the cost-effectiveness of this practice is admittedly unknown. To reduce the probability of this relatively rare complication further, Lingeman and associates71 suggested removing all tubes from the upper pole access site and placing a nephrostomy tube in a remote lower pole location. This method, however, requires an additional puncture and trauma to the kidney and therefore may not be worth the risk reduction of an already infrequent complication.









PATIENTS WITH PRIOR BLEOMYCIN CHEMOTHERAPY


Fortunately for patients with testicular cancer, chemotherapy offers durable responses in almost all patients including those with widely disseminated disease. The current standard of treatment for patients with metastatic germ cell tumors is the following regimen:



1. Bleomycin, an antibiotic with antineoplastic activity



2. Etoposide, a DNA topoisomerase inhibitor



3. Cisplatin, an alkylating agent


This multidrug chemotherapeutic regimen is commonly referred to as BEP. Although patients with good-risk disease can avoid treatment with bleomycin,72 many patients including those with poor-risk or intermediate-risk disease are subjected to bleomycin.


Urologists should be well aware of potential complications associated with administration of bleomycin. Bleomycin-related toxicities include interstitial pneumonitis (bleomycin-induced pneumonitis [BIP]), which can result in pulmonary fibrosis (2%-40%).73 In a few patients, this complication may eventually result in death.74 Toxicity is believed to be related to multiple factors including cumulative bleomycin dose, increasing age, thoracic radiation, poor renal function, exposure to high inspired oxygen concentrations, and a history of smoking.75 BIP typically begins gradually and manifests in the first few months of therapy but may develop even 6 months following discontinuation of therapy. Initial symptoms of BIP include nonproductive cough, dyspnea with exertion, and fever. Symptoms may progress to dyspnea at rest and cyanosis.75 Because of similarities in symptoms, a diagnosis of infectious pneumonitis is excluded before the drug is discontinued.


Patients undergoing surgical procedures such as retroperitoneal lymph node dissection after BEP therapy should have a thorough preoperative evaluation. This assessment should include pulmonary function testing because pulmonary fibrosis may result in significant perioperative complications. In a retrospective study of patients undergoing retroperitoneal lymph node dissection after chemotherapy, Baniel and associates76 identified pulmonary complications as the largest contributors to severe postoperative complications. The conclusion from this study was that conservative fluid administration and limited inspired oxygen concentrations minimized pulmonary complications in patients with bleomycin exposure.76 Subsequent studies confirmed the importance of meticulous fluid management, although they raised questions regarding the significance of high inspired oxygen concentrations.77
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KEY POINTS






1. A detailed history and physical examination may elucidate cardiac disease states and avoid unnecessary cardiac testing prior to elective surgery.



2. Active cardiac conditions (e.g., unstable coronary syndromes, decompensated heart failure, and severe valvular disease) should be further evaluated prior to elective surgery.



3. Patients with a history of recent stenting of the coronary arteries must be evaluated by a cardiologist to determine whether discontinuation of anti-platelet therapy (aspirin and/or clopidogrel) is safe prior to urologic surgery. If discontinuation of anti-platelet therapy is not safe, surgery may need to be delayed or performed with patient on anti-platelet therapy.



4. Patients with pacemakers or ICDs undergoing surgery with an electrocautery device should be managed by anesthesia or cardiology intraoperatively. The type and manufacturer of the device should be identified to assist the consultant for programming.





Cardiac complications can pose significant risks to patients undergoing urologic surgical procedures. Several strategies and guidelines have evolved to help identify patients at greatest risk and therapies have been developed to help modify and minimize cardiac surgical complications. In this chapter, we review the general approach to preoperative assessment as well as perioperative management of cardiovascular disease states that are often encountered.






GENERAL APPROACH TO THE PATIENT


A detailed history and physical examination combined with a baseline electrocardiogram (ECG) can elucidate cardiac disease states, such as coronary artery disease (CAD), congestive heart failure, valvular abnormalities, or arrhythmias. If a cardiac disease state is identified or known, it is important to know the degree, stability, and severity of the condition. Information about previous management and treatment for the condition is helpful in optimizing the patient’s preoperative, perioperative, and postoperative course. Additionally, assessments of the patient’s baseline functional capacity, comorbid conditions (e.g., diabetes, renal failure), and type of surgical procedure required are important in assessing overall cardiac risk.









PREOPERATIVE CLINICAL EVALUATION


Multiple algorithms have been devised to assess perioperative risk. In this chapter, we review the American College of Cardiology/American Heart Association (ACC/AHA) 2007 guidelines,1 which incorporate the elements of the Revised Cardiac Risk Index2 in an algorithm to assess cardiac risk before noncardiac surgical procedures.






American College of Cardiology/American Heart Association 2007 Guidelines


The ACC/AHA 2007 guidelines on perioperative cardiovascular evaluation for noncardiac surgical procedures concluded that identifying patients with active cardiac conditions, by careful history taking and clinical assessment, is crucial before elective surgical procedures. Terminology such as cleared for surgery as a preoperative assessment is not recommended by the ACC/AHA1 because such statements may not accurately assess a patient’s overall cardiac risk during surgery and can possibly be misleading.


The ACC/AHA 2007 guidelines recommend obtaining at least four components from a patient’s history and physical examination to assess whether a patient can safely proceed to surgery, the patient’s overall cardiac risk, and whether additional testing is needed. Additionally, these variables are needed to navigate the stepwise approach algorithm devised by the 2007 ACC/AHA guidelines. These components are as follows:



1. Clinical risk factors (Box 3-1)



2. Cardiac risk assessment: identification of active cardiac conditions requiring evaluation and treatment (Table 3-1)



3. Functional capacity (Table 3-2)



4. Surgery-specific risk (Table 3-3)





BOX 3-1 Clinical Cardiac Risk Factors






• History of ischemic heart disease*




• History of compensated or prior heart failure†




• History of cerebrovascular disease‡




• Diabetes mellitus (insulin treated)



• Renal insufficiency (creatinine >2 mg/dL)




* Ischemic heart disease is defined as history of myocardial infarction, history of positive treadmill test result, use of nitroglycerin, chronic stable angina, or electrocardiogram with abnormal Q waves.


† Congestive heart failure is defined as history of heart failure, pulmonary edema, paroxysmal nocturnal dyspnea, peripheral edema, bilateral rales, S3, or radiograph with pulmonary vascular redistribution.


‡ Cerebrovascular disease (history of transient ischemic attack or stroke).








TABLE 3-1 Active Cardiac Conditions for Which the Patient Should Undergo Evaluation and Treatment Before Noncardiac Surgery (Class I, Level of Evidence: B)






	Condition

	Examples






	Unstable coronary syndromes

	Unstable or severe angina* (CCS class III or IV)†







	Recent MI‡







	Decompensated HF (NYHA functional class IV; worsening or new-onset HF)
Significant arrhythmias

	High-grade atrioventricular block






	Mobitz II atrioventricular block






	Third-degree atrioventricular heart block






	Symptomatic ventricular arrhythmias






	Supraventricular arrhythmias (including atrial fibrillation) with uncontrolled ventricular rate (HR >100 bpm at rest)






	Symptomatic bradycardia






	Newly recognized ventricular tachycardia






	Severe valvular disease

	Severe aortic stenosis (mean pressure gradient >40 mm Hg, aortic valve area <1.0 cm2, or symptomatic)






	Symptomatic mitral stenosis (progressive dyspnea on exertion, exertional presyncope, or HF)







bpm, beats per minute; CCS, Canadian Cardiovascular Society; HF, heart failure; HR, heart rate; MI, myocardial infarction; NYHA, New York Heart Association.


* According to Campeau L. Grading of angina pectoris [letter]. Circulation. 1976;54:522-523.


† May include “stable” angina in patients who are unusually sedentary.


‡ The American College of Cardiology National Database Library defines recent MI as >7 days but ≤1 month (≤30 days).


From Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007 guidelines on perioperative cardiovascular evaluation and care for noncardiac surgery: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines (Writing Committee to Revise the 2002 Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery): developed in collaboration with the American Society of Echocardiography, American Society of Nuclear Cardiology, Heart Rhythm Society, Society of Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography and Interventions, Society for Vascular Medicine and Biology, and Society for Vascular Surgery. Circulation. 2007;116(17):e418-e499.




TABLE 3-2 Estimated Energy Requirements for Various Activities


[image: image]




TABLE 3-3 Cardiac Risk* Stratification for Noncardiac Surgical Procedures






	Risk Stratification

	Procedure Examples






	Vascular (reported cardiac risk often >5%)

	Aortic and other major vascular surgery






	Peripheral vascular surgery






	Intermediate (reported cardiac risk generally 1%-5%)

	Intraperitoneal and intrathoracic surgery






	Carotid endarterectomy






	Head and neck surgery






	Orthopedic surgery






	Prostate surgery






	Low† (reported cardiac risk generally <1%)

	Endoscopic procedures






	Superficial procedure






	Cataract surgery






	Breast surgery






	Ambulatory surgery







* Combines incidence of cardiac death and nonfatal myocardial infarction.


† These procedures do not generally require further preoperative cardiac testing.


From Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007 guidelines on perioperative cardiovascular evaluation and care for noncardiac surgery: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines (Writing Committee to Revise the 2002 Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery): developed in collaboration with the American Society of Echocardiography, American Society of Nuclear Cardiology, Heart Rhythm Society, Society of Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography and Interventions, Society for Vascular Medicine and Biology, and Society for Vascular Surgery. Circulation. 2007;116(17):e418-e499.






Clinical Risk Factors


The ACC/AHA 2007 guidelines incorporate several elements of the Revised Cardiac Risk Index,2 one of the most widely used risk indices for preoperative evaluation for noncardiac surgery, into its assessment of clinical risk factors for preoperative assessment before noncardiac surgical procedures (see Box 3-1). Active cardiac disease indicates a major clinical risk. The presence of one or more active cardiac conditions (see Table 3-1) mandates intensive management and may result in the delay or cancellation of the operation unless it is an emergency.


The ACC/AHA chose to replace the intermediate-risk category with the clinical risk factors from the index, with the exclusion of the type of surgery, which is incorporated elsewhere in the approach to the patient. Clinical risk factors include the following:



1. History of ischemic heart disease



2. History of compensated or prior heart failure



3. History of cerebrovascular disease



4. Diabetes mellitus



5. Renal insufficiency


Ischemic heart disease is defined as history of myocardial infarction (MI), a history of a positive treadmill test result, use of nitroglycerin, chronic stable angina, or an ECG with abnormal Q waves. Congestive heart failure is defined as a history of heart failure, pulmonary edema, paroxysmal nocturnal dyspnea, peripheral edema, bilateral rales, S3, or a radiograph showing pulmonary vascular redistribution cerebrovascular disease (history of transient ischemic attack or stroke). Diabetes mellitus is defined as preoperative insulin treatment for diabetes mellitus, and renal insufficiency is defined as a preoperative creatinine concentration of >2 mg/dL. Increasing numbers of risk factors correlate with increased risk. Although no adequate clinical trials on which to base firm recommendations have been conducted, it appears reasonable to wait 4 to 6 weeks after MI to perform elective surgical procedures.1









Cardiac Risk Assessment


Identifying the highest-risk patient is critical to avoid serious complications and adverse outcomes in elective noncardiac surgery. History taking should attempt to identify serious cardiac conditions such as unstable coronary syndromes, prior angina, recent or past MI, decompensated heart failure, significant arrhythmias, and severe valvular disease (see Table 3-1). The presence of one or more of these conditions mandates intensive management and may result in delay or cancellation of a surgical procedure unless it is an emergency.









Exercise Capacity


The assessment of functional capacity provides important prognostic information, since patients with good functional status have a lower risk of complications. Functional status can be expressed in metabolic equivalents (MET). Perioperative cardiac and long-term risks are increased in patients unable to meet a 4-MET demand during most normal daily activities. Various activity scales provide the clinician with a set of questions to determine a patient’s functional capacity. See Table 3-2 for a functional status assessment and estimated energy requirements for various activities.


Confounding factors in assessing functional capacity include a history of arthritis or peripheral vascular disease. If ambulation cannot be assessed because of these limitations, a careful history of other METs (e.g., household chores not involving walking, upper extremity activities) can be helpful in evaluating a patient’s functional capacity.









Surgery-specific Risk


Urologic procedures are generally considered intermediate-risk procedures. However, the timing of surgery (emergency versus elective) can alter the patient’s risk significantly. Additionally, urologic procedures involving large volume shifts, as well as procedures in elderly patients, can increase cardiac risk. Cardiac risk stratification is listed in Table 3-3. Intermediate-risk procedures are generally associated with a 1% to 5% cardiac risk. Care should be taken in optimizing a patient preoperatively and perioperatively to minimize risk and to maximize medical therapy based on overall cardiac risk.


In emergency surgery, which generally is associated with substantial risk, risk indices do not necessarily apply because these indices are derived mostly from elective procedures,. However, these algorithms can assist in providing an estimate of the patient’s minimal risk. Further testing and interventions are likely not very beneficial given that patients are usually better off proceeding directly to surgery. In general, emergency surgical procedures should be assumed to be high risk, and much care should be taken in optimizing the medical management of these patients. If a patient has a known cardiac condition, medical therapy should be targeted to the specific disease state to optimize medical care and to minimize complications (see “Management of Specific Preoperative Cardiac Conditions”).


Urgent surgery (need for a procedure during the same admission but able to be delayed a few days without significant patient compromise) is another category that likely increases cardiac risk.3 With urgent surgery, initial risk estimates should be made preoperatively. However, additional testing and subsequent therapies are often limited, except for identifying and stabilizing patients with unstable cardiac disease.









Overall Risk Assessment


A stepwise approach generalizing cardiac risk assessment can be seen in Figure 3-1, which combines the four elements in risk assessment into a preoperative algorithm for noncardiac surgery. Figure 3-1 is broken down into five steps that aid in deciding which patients would benefit from further evaluation of CAD and which patients are at greatest risk for cardiac complications perioperatively.





[image: image]

Figure 3-1 Cardiac evaluation and care algorithm for noncardiac surgery based on active clinical conditions, known cardiovascular disease, or cardiac risk factors for patients ≥50 years old. *See Table 3-1 for active clinical conditions. †See Table 3-2 for estimated metabolic equivalent (MET) level. ‡Clinical risk factors include ischemic heart disease, compensated or prior heart failure, diabetes mellitus, renal insufficiency, and cerebrovascular disease. §Consider perioperative β-blockade for populations in which this has been shown to reduce cardiac morbidity and mortality. ACC/AHA, American College of Cardiology/American Heart Association; HR, heart rate; LOE, level of evidence.


(From Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007 guidelines on perioperative cardiovascular evaluation and care for noncardiac surgery: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines [Writing Committee to Revise the 2002 Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery]: developed in collaboration with the American Society of Echocardiography, American Society of Nuclear Cardiology, Heart Rhythm Society, Society of Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography and Interventions, Society for Vascular Medicine and Biology, and Society for Vascular Surgery. Circulation. 2007;116[17]:e418-e499.)





In general, emergency surgical procedures do not allow for preoperative cardiac evaluation because it may delay the patient from a potentially lifesaving procedure. Such patients should be medically optimized perioperatively and postoperatively. For patients whose cardiac risk assessment may require that their surgical procedure be delayed, formal consultation with a cardiologist is recommended.















PREOPERATIVE TESTING






Resting Electrocardiogram


A preoperative 12-lead resting ECG is recommended in the following patients:



1. Patients with at least one clinical risk factor (see Box 3-1) who are undergoing vascular (high-risk) surgical procedures (see Table 3-3)



2. Patients with known CAD, peripheral arterial disease, or cerebrovascular disease who are undergoing intermediate-risk surgical procedures


A preoperative ECG is generally not recommended as a routine test in asymptomatic patients undergoing low-risk procedures. Q waves or significant ST-segment deviation (elevations or depression) are often associated with an increased incidence of cardiac complications and should be further evaluated.









Stress Testing


Routine screening for cardiac disease of asymptomatic men or women is generally not recommended for preoperative evaluation for noncardiac surgery. Stress testing is a good way of evaluating CAD in patients with an intermediate pretest probability of CAD and assessing a patient’s functional capacity, if exercise stress testing is used. Poor functional capacity in patients with chronic CAD or those convalescing after an acute cardiac event is associated with an increased risk of subsequent cardiac morbidity and mortality.4 The ACC/AHA provides a prognostic gradient of ischemic responses during an ECG-monitored exercise test in Table 3-4, as developed for a general population of patients with suspected or proven CAD. However, much thought should be taken into account in using information obtained by noninvasive stress testing, because this information can lead to further unnecessary testing (both noninvasive and invasive), complications of such testing, and possible delay of surgical procedures.


TABLE 3-4 Prognostic Gradient of Ischemic Responses During an ECG-Monitored Exercise Test in Patients With Suspected or Proven CAD






	Risk Level

	Ischemic Response Gradient






	High

	Ischemia induced by low-level exercise* (<4 METs or heart rate <100 bpm or <70% of age-predicted heart rate) manifested by one or more of the following:






	 

	 Horizontal or downsloping ST-segment depression >0.1 mV






	 

	 ST-segment elevation >0.1 mV in noninfarct lead






	 

	 5 or more abnormal leads






	 

	 Persistent ischemic response >3 minutes after exertion






	 

	 Typical angina






	 

	 Exercise-induced decrease in systolic blood pressure by 10 mm Hg






	Intermediate

	Ischemia induced by moderate-level exercise (4-6 METs or heart rate 100-130 bpm [70%-85% of age-predicted heart rate]) manifested by one or more of the following:






	 

	 Horizontal or downsloping ST-segment depression >0.1 mV






	 

	 Persistent ischemic response >1-3 minutes after exertion






	 

	 3-4 abnormal leads






	Low

	No ischemia or ischemia induced at high-level exercise (>7 METs or heart rate >130 bpm [>85% of age-predicted heart rate]) manifested by:






	 

	 Horizontal or downsloping ST-segment depression >0.1 mV






	 

	 1 or 2 abnormal leads






	Inadequate Test

	Inability to reach adequate target workload or heart rate response for age without an ischemic response; for patients undergoing noncardiac surgery, the inability to exercise to at least the intermediate-risk level without ischemia should be considered an inadequate test







bpm, beats per min; CAD, coronary artery disease; MET, metabolic equivalent.


* Workload and heart rate estimates for risk severity require adjustment for patient age. Maximum target heart rates for 40- and 80-year-old subjects taking no cardioactive medication are 180 and 140 bpm, respectively.


From Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007 guidelines on perioperative cardiovascular evaluation and care for noncardiac surgery: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines (Writing Committee to Revise the 2002 Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery): developed in collaboration with the American Society of Echocardiography, American Society of Nuclear Cardiology, Heart Rhythm Society, Society of Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography and Interventions, Society for Vascular Medicine and Biology, and Society for Vascular Surgery. Circulation. 2007;116(17):e418-e499.












PREOPERATIVE AND PERIOPERATIVE MEDICAL THERAPY


Physiologic factors associated with surgery predispose patients to myocardial ischemia, which is more pronounced in patients with underlying CAD. These factors include volume shifts and blood loss, enhanced myocardial oxygen demand from elevations in heart rate and blood pressure secondary to stress from surgery, and an increase in postoperative platelet reactivity. Optimizing medical therapy alone with close cardiac monitoring is often a reasonable strategy for patients undergoing urologic procedures.






β-Blockers


β-Blockers may be beneficial in higher-risk patients who are undergoing major noncardiac surgery.5 However, a 2006 ACC/AHA guideline update on perioperative β-blocker therapy noted major limitations in the published literature regarding this issue.6 More recently, a large randomized controlled trial of patients undergoing noncardiac surgery with risk factors found that although β-blockade decreases the risk of MI, it may increase the risk of stroke and overall mortality.7


As a result of newer evidence and questionable benefit of perioperative β-blocker treatment for noncardiac surgery, we recommend the following:



1. β-Blockers should be continued in patients undergoing surgery who are already receiving β-blockers to treat angina, symptomatic arrhythmias, hypertension, or other ACC/AHA class I guideline indications.



2. β-Blockers are probably recommended for patients in whom preoperative assessment for high-risk surgery (e.g., vascular surgery) identifies high cardiac risk owing to the findings of ischemia on preoperative testing.


We do not recommend using β-blockers in patients at low to intermediate risk who are not already being treated with a β-blocker. However, β-blockers should not be withdrawn before noncardiac surgical procedures from patients already receiving β-blocker therapy for other indications.









Statins


Among patients who are undergoing major vascular surgery or those with known CAD, we recommend continuing statin therapy in patients already being treated and, in previously untreated patients, initiating statin therapy before elective vascular surgical procedures. Among patients not previously treated with statins who are undergoing urgent or emergency major vascular surgical procedures, we suggest initiating statin therapy in the perioperative period and, if possible, preoperatively. Over the long term, we recommend that statin therapy be titrated to recommended goals.












MANAGEMENT OF SPECIFIC PREOPERATIVE CARDIAC CONDITIONS






Hypertension


Known hypertension, particularly stage 3 hypertension (systolic blood pressure ≥180 mm Hg and diastolic blood pressure ≥110 mm Hg) should be controlled preoperatively. In most cases, an effective medical regimen can be achieved over several days to weeks of preoperative outpatient treatment.


If surgery is more urgent, rapid-acting agents can be administered that allow effective blood pressure control in a matter of minutes or hours. β-Blockers are particularly effective agents and may reduce perioperative complications in high-risk patients. Most important, continuation of preoperative antihypertensive treatment through the perioperative period is critical, and a patient’s medical antihypertensive regimen must be ascertained before the procedure. Because of potential heart rate or blood pressure rebound, particular care should be taken to avoid withdrawal of β-blockers and clonidine.









Ischemic Heart Disease






Evaluation for Coronary Artery Disease


One of the most important historical assessments of patients with known CAD is to determine whether the patient is experiencing angina. If the patient is asymptomatic and receiving an effective cardiac regimen, medical optimization without further testing for CAD is generally recommended. However, if a patient experences symptoms, great care should be taken in determining whether the angina is stable or unstable.


Patients with chronic stable angina (chest pain worsened by exercise and relieved by rest or sublingual nitrogen) should be managed with optimal medical therapy before surgical procedures. Preoperative noninvasive or invasive cardiac testing is generally not recommended.


Unstable angina (chest pain that occurs at rest or sleep and is unrelieved by rest or sublingual nitroglycerin) should be evaluated further before surgical procedures. If a patient is experiencing symptoms of unstable angina or an MI, medical optimization, a baseline ECG, and referral to a cardiologist for further testing or cardiac catheterization are highly recommended. Cardiac revascularization may delay the patient’s surgical procedure, especially if percutaneous intervention (PCI) with stenting is performed. Given evidence regarding the limited value of coronary revascularization before noncardiac surgical procedures,8 the indication for preoperative testing is limited to patients with active cardiac disease and groups in whom coronary revascularization may be beneficial independent of noncardiac surgical procedures.






Noninvasive Testing


Exercise ECG testing is the preferred stress test given the importance of exercise tolerance as a predictor of outcome. Exercise ECG testing is usually performed with perfusion imaging or echocardiography because imaging can better identify high-risk features that would warrant referral for angiography. For patients who cannot exercise, adenosine/dipyridamole stress testing and dobutamine echocardiography are other options for noninvasive cardiac testing to assess CAD.


We recommend the following patients for noninvasive testing:



1. Patients with active cardiac conditions (see Table 3-1) in whom noncardiac surgical procedures are planned; these patients should be evaluated and treated by a cardiologist preoperatively



2. Patients with three or more clinical risk factors and poor functional capacity (<4 METs) who require vascular surgical procedures, if it will change management












Preoperative Percutaneous Interventions


Preoperative PCI should be limited to patients with active unstable CAD who would possibly benefit from emergency or urgent revascularization.9,10 In patients with acute coronary syndrome in whom a noncardiac surgical procedure is imminent, despite an increased risk in the peri-MI period, a strategy of balloon angioplasty or bare metal stent (BMS) use should be considered. However, patients with asymptomatic ischemia or stable angina do not appear to be candidates for prophylactic preoperative coronary revascularization unless cardiac catheterization reveals high-risk surgical anatomy, including left main artery or triple-vessel CAD.









Management of Patients With Coronary Stents


Perioperative coronary artery stent thrombosis is a potentially catastrophic surgical complication. Coronary stents, especially recently placed stents, can be a challenge for the patient, anesthesiologist, and surgeon, especially when the patient is receiving dual antiplatelet therapy. Noncardiac surgical procedures appear to increase the risk of thrombosis to recently placed stents, likely because of several factors including lack of endothelium of a recently placed stent, a proinflammatory state during surgery, and discontinuation of dual antiplatelet therapy perioperatively.


One of the important ways to manage a patient with known coronary stents is to determine how recently the stent was placed, in which coronary artery it was placed, and what type of stent was placed (BMS versus drug-eluting stent [DES]). It is important to hold a preoperative discussion with the cardiology, anesthesia, and urology departments regarding optimal management, especially if a patient had a recent PCI. In such patients, if possible, urologic surgery should occur in a center with interventional cardiology capability so any complication that may occur can be immediately evaluated and treated with PCI.






Bare Metal Stents


It is recommended that patients with BMSs delay noncardiac surgical procedures for ≥2 weeks and ideally 6 weeks after implantation for allow for partial endothelialization.1 The earlier the surgical procedure after stenting (<6 weeks), the higher the risk for in-stent thrombosis.11-15 After 6 weeks of BMS placement, the patient can be maintained on aspirin therapy, which should be continued during and after the surgical procedure.









Drug-Eluting Stents


DESs were designed to reduce neointimal formation and therefore result in lower restenosis rates. Sirolimus and paclitaxel, the two currently used medicated coatings on DES, delay endothelialization and healing. DESs may also induce hypersensitivity to the drug or polymer used and lead to an increased risk of thrombosis.16,17 Thrombosis of DES may occur late and has been reported up to 1.5 years after implantation, particularly in the context of discontinuation of antiplatelet agents before noncardiac surgical procedures.18,19 Because few data are available regarding long-term outcomes regarding DESs, the optimal delay of noncardiac surgical procedures is unknown. However, current recommendations suggest that is it likely to be >12 months.












Recommendations Regarding Preoperative Aspirin and Clopidogrel Use


If preoperative PCI is considered, any potential benefit must be balanced against the requirements for a full course of aggressive antiplatelet therapy with aspirin and clopidogrel. Premature discontinuation of antiplatelet therapy carries a substantial risk of stent thrombosis, MI, and death, a risk that may be exacerbated by surgery. A science advisory by multiple medical and surgical societies was published in 2007 regarding the withholding of antiplatelet therapy with aspirin and clopidogrel given the data concerning complications associated with DESs.20 This advisory stresses the importance of 12 months of dual antiplatelet therapy after placement of a DES and education of the patient and health care providers about hazards of premature antiplatelet therapy discontinuation. Additionally, it recommends postponing elective surgical procedures for 1 year, and if operations cannot be deferred, considering the continuation of aspirin during the perioperative period in high-risk patients with DESs.


Patients who undergo PCI with BMSs within 6 weeks, and particularly within 2 weeks, of major noncardiac surgical procedures have an increased risk of death or MI, a finding usually reflecting stent thrombosis, which may be associated with withholding or reducing antiplatelet therapy to minimize bleeding.11 This risk continues for a much longer period in patients with DESs, probably because of delayed neointimal coverage. In contrast, the thrombotic risk is low with angioplasty alone, although this approach is associated with substantially higher rates of restenosis and target vessel revascularization. In general, it is recommended that dual antiplatelet therapy (aspirin and clopidogrel) be continued, whenever possible, during and after surgical procedures, especially in patients with DESs.20


In patients in which clopidogrel must be discontinued preoperatively, the following strategy is recommended8:



1. Continue low-dose aspirin (81 mg/day) during and after the surgical procedure.



2. Hold clopidogrel 5 to 7 days preoperatively but “bridge” the patient to surgery using a short-acting antiplatelet agent with a glycoprotein IIb/IIIa inhibitor or an antithrombin (e.g., heparin) in the interim.



3. Restart clopidogrel as soon as possible postoperatively.












Heart Failure


Heart failure has been identified in several studies in association with a poorer outcome of noncardiac surgical procedures.21-23 For patients with known heart failure, it is important to identify the cause of their cardiac disease because management and prognosis may differ depending on the disease process (e.g., ischemic, hypertensive, hypertrophic cardiomyopathy). Hypertrophic obstructive cardiomyopathy poses special problems. Reduction of blood volume, decreased systemic vascular resistance, and increased venous capacitance may reduce left ventricular volume and thereby potentially increase outflow obstruction, with potentially malignant results. If a patient is known to have hypertrophic obstructive cardiomyopathy, a cardiologist should be consulted before noncardiac surgical procedures for optimal medical management in the preoperative, perioperative, and postoperative periods.


Regardless of origin, a baseline transthoracic echocardiogram to evaluate left ventricular function is recommended preoperatively for patients with known heart failure. Fluid status, assessed clinically, is critical regarding preoperative management, and a baseline preoperative weight measurement is essential. Strict intake and outputs should be recorded during and after the surgical procedure.


The use of pulmonary artery catheters should be reserved for patients with tenuous fluid status with potential large volume shifts perioperatively, in which the ability to assess volume overload cannot be ascertained on physical examination. Additionally, a pulmonary artery catheter is useful if the patient is critically ill and findings may be confounded by a septic picture.






Therapy


All efforts regarding optimizing medical management for heart failure as recommended by the ACC/AHA guidelines (e.g., β-blockers, angiotensin-converting enzyme [ACE] inhibitors, diuretics)24 should be made preoperatively to minimize complications that may occur in the perioperative and postoperative periods. Preoperative consultation with the patient’s internist or cardiologist regarding dose titration of the heart failure regimen is recommended.












Valvular Heart Disease


Indications for evaluation and treatment of valvular heart disease are the same as those in the non-preoperative setting.25 A baseline transthoracic echocardiogram is recommended preoperatively for patients with known valvular abnormalities or a cardiac murmur not previously evaluated. If a patient is found or known to have a moderate to severe valvular abnormality, consultation with a cardiologist is recommended preoperatively for evaluation for need for repair or replacement as well as optimal medical management before and during the surgical procedure.






Severe Stenotic Lesions (Aortic Stenosis and Mitral Stenosis)


Symptomatic severe stenotic lesions are associated with risk of perioperative heart failure or shock and may require percutaneous valvulotomy or valve replacement before noncardiac surgical procedures to lower cardiac risk. Severe aortic stenosis poses the greatest risk for noncardiac surgery.25 When aortic stenosis is symptomatic, elective noncardiac surgical procedures should generally be postponed or canceled. Such patients require aortic valve replacement before elective but necessary noncardiac surgical procedures. When aortic stenosis is severe but asymptomatic, noncardiac surgical procedures should be postponed or canceled if the valve has not been evaluated within the year. Conversely, in patients with severe aortic stenosis who refuse cardiac surgery or are otherwise not candidates for aortic valve replacement, noncardiac surgical procedures can be performed with a mortality risk of approximately 10%.26 If a patient is not a candidate for valve replacement because of serious comorbid conditions, percutaneous balloon aortic valvuloplasty may be considered, with careful consultation with a referring cardiologist and interventional cardiologist.


Significant mitral stenosis increases the risk of heart failure; however, preoperative surgical correction of mitral valve disease is not indicated before a noncardiac surgical procedure unless the valvular condition should be corrected to prolong survival and to prevent complications that are unrelated to the proposed noncardiac surgical procedure.1 When stenosis is severe, the patient may benefit from balloon mitral valvuloplasty or open surgical repair before high-risk surgical procedures are performed.27









Severe Regurgitant Lesions (Aortic Insufficiency and Mitral Insufficiency)


Symptomatic regurgitant valve disease is usually better tolerated perioperatively and may be stabilized preoperatively with intensive medical therapy and monitoring. Regurgitant valve disease can then be treated definitively with valve repair or replacement after a noncardiac surgical procedure. Medical therapy and monitoring are appropriate when a significant delay before noncardiac surgical procedures may not have severe consequences. Exceptions may include severe valvular regurgitation with reduced left ventricular function, in which overall hemodynamic reserve is so limited that destabilization during perioperative stresses is likely. Patients who have severe symptomatic mitral regurgitation or aortic insufficiency should be considered for further evaluation, and a cardiologist should be consulted for optimal preoperative management.












Cardiac Arrhythmias and Conduction Defects


The stress of surgery or large fluid shifts seen in certain urologic procedures (e.g., retroperitoneal dissections) can trigger many types of cardiac arrhythmias (atrial or ventricular). The presence of an arrhythmia or cardiac conduction disturbance should provoke a careful evaluation for underlying cardiopulmonary disease, drug toxicity, or metabolic abnormality. Therapy should be initiated for symptomatic or hemodynamically significant arrhythmias, first to reverse an underlying cause and then to treat the arrhythmia. Indications for antiarrhythmic therapy and cardiac pacing are identical to those in the nonoperative setting. Frequent ventricular premature beats or asymptomatic nonsustained ventricular tachycardia have not been associated with an increased risk of nonfatal MI or cardiac death in the perioperative period, and therefore aggressive monitoring or treatment in the perioperative period generally is not necessary.


In the setting of any hemodynamically unstable arrhythmia, acute cardiopulmonary life support (ACLS) protocol should be instituted with the goal of patient stabilization. Once the patient is stabilized or if the patient is already stable, a general approach to a patient with an arrhythmia should include determining whether the arrhythmia has an atrial or a ventricular origin.






Atrial Arrhythmias






Sinus Tachycardia


The most common atrial arrhythmia is sinus tachycardia. In most cases, treatment of the underlying cause of sinus tachycardia (e.g., blood transfusion, infection control, pain relief) should be the therapy of choice.









Atrial Fibrillation


Atrial fibrillation is another very common atrial arrhythmia found postoperatively. It is important to know whether the patient has underlying atrial fibrillation (chronic versus paroxysmal) or whether this is a first-time event because as anticoagulation with heparin or warfarin to prevent future cerebrovascular events must be addressed. An underlying transthoracic echocardiogram and consultation with a cardiologist are recommended to assess any structural cardiac abnormalities and future management. Rate control with atrioventricular (AV) nodal blocking agents (e.g., β-blockers) in the preoperative, perioperative, and postoperative periods is highly recommended. Additionally, postoperatively, patients often experience an increase in catecholamine levels (e.g., blood loss, infection, pain) that can make rate control challenging. In such cases, treating underlying causes is also recommended because AV nodal blocking agents are often vasodilators, a property that can make blood pressure management difficult with increasing dose titration.


Amiodarone is a common rate-controlling AV nodal blocking agent that is often used in patients with postoperative atrial fibrillation. In the setting of a hemodynamically unstable patient, this may be a first-line medication if electrical cardioversion is not readily available. However, one must take the risk of chemical cardioversion with amiodarone, a risk that can present a problem in patients with known chronic atrial fibrillation who may have a preexisting atrial thrombus. Intravenous amiodarone can be associated with hypotension, proarrhythmia, and liver toxicity.28 Additionally, amiodarone carries a risk of multiorgan toxicity, especially with long-term use. Its use in young patients should be carefully considered. In general, β-blockade, calcium channel blockers, or digoxin should be considered before use of amiodarone in a young patient with a structurally normal heart.









Other Atrial Tachycardias


Supraventricular tachycardias, including atrial flutter, AV nodal reentrant tachycardias, AV reentrant tachycardias, and atrial tachycardias can be extremely difficult to manage medically. Such atrial arrhythmias should be evaluated by a cardiologist and potentially referred to an electrophysiologist for electrophysiologic study and consideration for percutaneous ablation therapy.












Ventricular Arrhythmias






Ventricular Premature Contractions


Ventricular premature contractions are usually not associated with increased mortality, but a patient who is found to have frequent ventricular premature contractions should be evaluated by transthoracic echocardiography for any structural abnormalities. Additionally, the patient’s electrolytes should be checked and corrected because metabolic derangements can predispose a patient to significant arrhythmias.









Nonsustained Ventricular Tachycardia


Nonsustained ventricular tachycardia can be a harbinger for ventricular tachycardia or ventricular fibrillation and should be evaluated. A baseline transthoracic echocardiogram, ECG, and electrolyte panel should be the initial first steps. Nonsustained ventricular tachycardia in the setting of cardiomyopathy may warrant evaluation for an implantable cardioverter-defibrillator (ICD), and consultation with a cardiologist is recommended. Medical management with β-blockade is recommended, as is treatment of any underlying any structural heart disease.









Ventricular Tachycardia and Ventricular Fibrillation


All hemodynamically unstable ventricular arrhythmias (ventricular tachycardia/ventricular fibrillation) should be managed according to ACLS protocol guidelines, which include electrocardioversion or amiodarone. A cardiologist should be consulted for an evaluation of precipitation causes (e.g., ischemia, electrolyte abnormalities, medications) and to see whether an implantable defibrillator is warranted for secondary prevention.












Pacemakers and Implantable Cardioverter-defibrillator


Patients with a pacemaker or an ICD require management perioperatively if an electrocautery device is to be used intraoperatively because the electrocautery unit may interfere with the pacemaker’s or ICD’s sensing capabilities and subsequent energy delivery. The pacemaker or ICD can be managed by the anesthesia or cardiology department. It is imperative that the type and manufacturer of the device be identified to assist the consultant who may need to perform programming. In general, ICD devices should be programmed off immediately preoperatively and then on again postoperatively, with defibrillator pads placed on the patient intraoperatively as backup. Pacemakers, pending their use, may need to have their sensing turned off with default pacing.















CONCLUSION


For many patients undergoing noncardiac surgical procedures, a preoperative evaluation is wonderful opportunity to receive appropriate cardiac assessment in the short and long term. Because the field of medicine is dynamic, with constant updating of guidelines and novel therapies for specific disease processes, it is important that all involved share data and optimize patients’ outcomes as well as modifying CAD risk factors. In general, the use of both noninvasive and invasive preoperative tests should be limited to those circumstances in which the results of such tests will clearly affect patient management. Ultimately, successful outcomes of urologic surgery with minimal cardiac complications require careful preoperative evaluation and good communication among the patient and team of specialists.
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KEY POINTS






1. Although routine preoperative coagulation defect screening is not shown to be cost effective, we have continued its use in patients at risk of significant bleeding during a planned procedure.



2. Anemia can affect surgical outcomes and should be corrected whenever possible before elective surgical procedures.



3. Individuals undergoing elective surgical procedures should discontinue the use of ASA, clopidogrel, or NSAIDs a full 7 to 10 days preoperatively to allow normalization of platelet function.



4. In patients with drug-eluting coronary stents, or specific indications for anticoagulation, the risk of stopping anticoagulation should be weighed against the risk of intraoperative bleeding, depending on the planned procedure.



5. Patients with an abnormal preoperative PTT value and no history of anticoagulation should undergo careful evaluation for clotting factor deficiency.



6. The distinction between DIC and primary fibrinogenolysis is essential because treatments are distinct and antifibrinolytic therapies are contraindicated in DIC.



7. In patients with certain risk factors for a hypercoagulable state, and in patients at risk for venous thrombosis, evaluation for factor deficiency or lupus anticoagulant is indicated.



8. The risk factors for venous thrombosis can be thought of in the context of Virchow’s triad for the pathophysiology of thrombus formation (stasis, hypercoagulability, and intimal injury).



9. VTE prophylaxis recommendations should be risk adjusted.



10. High-risk patients with a history of previous VTE, malignant disease, orthopedic surgery, hip fracture, stroke, or spinal cord injury should receive VTE prophylaxis in the form of LMWH, oral anticoagulation, IPC stockings, or adjusted-dose heparin given at a dose of 3500 U three times a day beginning 2 days preoperatively to maintain an APTT at the upper limit of normal.





The nature of urologic surgery mandates that the practicing urologist have a comprehensive understanding of the normal physiology of the hematologic system as well as of potential abnormalities. Early identification and evaluation of hypercoagulable or coagulopathic patients are essential, to limit possible complications that may arise from either of these disease states. In this chapter, we outline a comprehensive approach to the hematologic evaluation of the urologic patient including the preoperative and intraoperative management of coagulopathies, the identification and management of the hypercoagulable state, and the management of deep venous thrombosis (DVT).






PREOPERATIVE EVALUATION


When evaluating patients for potential hematologic complications before any urologic surgical procedure, the most important first steps are thorough history taking and physical examination. The clinician taking the patient’s history should pay specific attention to the following: any personal or family history of known bleeding disorder; a history of prolonged bleeding after trauma, surgery, or a dental procedure; a history of liver disease, malabsorption, or malnutrition; recent use of anticoagulants (aspirin, clopidogrel, warfarin, and heparin). Physical findings suggestive of coagulopathy include petechiae, ecchymoses, hematomas, purpura, and the stigmata of acquired disease, such as liver failure or uremia.


Bleeding symptoms in the patient or in a member of the patient’s family should prompt a laboratory evaluation. In addition, routine laboratory screening tests are often performed in asymptomatic patients, including complete blood count, platelet count, prothrombin time (PT), and activated partial thromboplastin time (APTT). The PT measures the activity of the extrinsic clotting system, and the APTT measures the intrinsic clotting system (Fig. 4-1). Measurement of the bleeding time is used to identify patients with possible platelet function defects. Further laboratory evaluation is unnecessary unless history, physical examination, or routine laboratory tests reveal an abnormality.





[image: image]

Figure 4-1 Normal clotting cascade.




In obtaining preoperative screening PT, APTT, and platelet counts, surgeons attempt to identify asymptomatic patients at increased risk for intraoperative or postoperative hemorrhage. The evaluation of symptomatic patients is not considered screening. Most patients experiencing significant perioperative bleeding, however, would not be identified by preoperative screening measures because most such bleeding episodes are the result of surgical technique rather than of intrinsic coagulopathy. The risk of preexisting coagulopathy, in the absence of historical symptoms and signs of bleeding, is extremely low.


Some studies evaluated the cost effectiveness of baseline preoperative screening,1-4 and collectively, these studies recommended that preoperative screening for coagulopathy is unnecessary and should not be performed in the absence of clinical findings suggestive of an increased bleeding risk. Preoperative testing should always be performed in all patients in whom adequate clinical assessment is not possible. The elimination of routine screening based on these criteria would reduce the total number of preoperative tests of coagulation by approximately 50%.2 These data do not support the use of routine preoperative screening coagulation tests in asymptomatic patients,2,4 but despite these recommendations we continue to obtain routine PT, PTT, and platelet counts on all patients undergoing major extirpative or reconstructive procedures in which significant blood loss is possible.









ABNORMALITIES OF BLOOD COMPONENTS






Red Blood Cells


Anemia detected in routine preoperative screening should be evaluated with regard to its functional significance and origin. Typically, a preferred preoperative hemoglobin level is >10 g/dL. Although lower intraoperative hemoglobin levels can generally be tolerated by most patients, these values are associated with an increased risk of morbidity and mortality. Additionally, anemia may reflect a previously unsuspected coexisting disease process that could have a significant effect on the perioperative course. Because anemia can be a primary disorder or can occur secondary to other systemic processes, a careful history and physical examination are essential and can provide extensive information about the underlying cause.5


Initial diagnostic studies should include reticulocyte count, mean corpuscular volume (MCV), examination of the peripheral blood smear, and a fecal occult blood test.5 Many urologic conditions can be associated with anemia, including malignant disease and chronic renal failure. Iron deficiency anemia has been associated with states of renal cell carcinoma. Direct involvement of the bone marrow by cancer may result in myelofibrosis and subsequent anemia, most often seen in metastatic prostate cancer.6 Radiation therapy can lead to bone marrow suppression or vitamin B12 deficiency secondary to radiation ileitis.7 Many chemotherapeutic agents can cause myelosuppression. Commonly used antibiotics in urology, such as nitrofurantoin, sulfa compounds, and quinolones, can produce hemolytic anemia in patients with glucose-6-phosphate dehydrogenase deficiency. Hemolytic anemia has also been reported in association with renal cell carcinoma and seminoma.8,9 Finally hematuria itself can cause anemia if it is chronic or severe.


Understanding the cause of the anemia can dictate the appropriate perioperative course of action to minimize operative morbidity. For patients with a correctable underlying cause of anemia who are judged to be at risk for functional compromise, therapy consists of transfusion. In patients who are undergoing surgical procedures that are deemed elective, it is advisable to proceed after correcting the underlying cause of anemia preoperatively and thereby avoiding transfusion. In certain conditions, recombinant erythropoietin can be used to elevate the hemoglobin level, and this agent is often used in the preoperative period. Preoperative transfusions should ideally be performed 24 hours in advance to allow regeneration of 2,3-diphosphoglycerate, which shifts the oxygen dissociation curve to increase oxygen availability to the tissues. Transfusions incur a potential risk of morbidity, including hemolytic reactions, allergic reactions, and transmission of viral diseases (Table 4-1).11


TABLE 4-1 Complications of Transfusions Per Unit Transfused






	Complications

	Frequency






	Immune






	Acute hemolysis

	1/12,000






	Delayed hemolysis

	1/1500






	Febrile nonhemolytic

	1-4/100






	Allergic cutaneous

	1-4/100






	Anaphylactic

	1/150,000






	Alloimmunization (RBC)

	1/100






	Alloimmunization (HLA)

	1/10






	Nonimmune






	Hepatitis C

	1/103,000






	Hepatitis B

	1/200,000






	HIV-1

	1/490,000






	HIV-2

	None reported






	Malaria

	1/4,000,000






	Bacterial sepsis

	Rare






	Hypothermia

	Rare







HIV, human immunodeficiency virus; HLA, human leukocyte antigen; RBC, red blood cell.


Adapted from Dzieczkowski JS, Anderson KC. Transfusion biology and therapy. In: Fauci AS, Braunwald E, Isselbacher KJ, et al, eds. Harrison’s Principles on Internal Medicine, 14th ed. New York: McGraw-Hill; 1998:718-724.


Elevation of the hematocrit level significantly higher than normal (erythrocytosis) increases blood viscosity and decreases oxygen transport. A significant increase in surgical morbidity and mortality occurs, particularly related to thromboembolic complications. This increase in red blood cell (RBC) mass can be primary, as in polycythemia vera, or secondary. Common causes of secondary erythrocytosis are hypoxic states or paraneoplastic syndromes (as seen in renal cell carcinoma and Wilms’ tumor) likely resulting in increased production of erythropoietin. Patients with polycythemia vera should undergo preoperative phlebotomy to lower hematocrit levels to <45% to reduce the risk of thromboembolic complications. In patients with secondary erythrocytosis, the hematocrit should be lowered to <50%.12









Platelets


Although a normal platelet count can vary greatly among patients, a platelet count >50,000 is usually adequate for surgical hemostasis. Thrombocytopenia results from decreased production of platelets (radiation, primary marrow disorders, alcohol, drugs), increased peripheral destruction (autoimmune disease, disseminated intravascular coagulation [DIC], sepsis, drugs), sequestration (splenomegaly), or extracorporeal platelet loss (exsanguination). Initial therapy should consist of treating a possible underlying cause, but if this cannot be done than the next step is platelet transfusion. One unit of platelets can be expected to raise the platelet count by 5000 to 10,000.


Primary thrombocytosis, as in myeloproliferative diseases, can increase the risk for thrombotic or hemorrhagic complications. Qualitative platelet disorders are identified by an increased bleeding time despite a normal platelet count. The most common type is von Willebrand’s disease, which results from the absence of von Willebrand factor (vWF). Inherited intrinsic defects of platelet function are rare.13 Treatment is with desmopressin (DDAVP), platelet transfusion, or both. Acquired intrinsic platelet dysfunction occurs with the use of aspirin, clopidogrel, and nonsteroidal anti-inflammatory drugs (NSAIDs). Because the platelet life span is approximately 7 to 10 days, platelet function typically resumes 7 to 10 days after the last dose of these medication types.14,15 Platelet dysfunction can also occur in patients with liver disease, uremia, and hypothyroidism. For acquired defects, treatment is directed at the underlying cause.









von Willebrand’s Disease


von Willebrand’s disease results from the deficiency of vWF, which is required for adequate platelet function. The disease is transmitted as an autosomal dominant or recessive trait. Characteristically, factor VIII levels are reduced, and factor VIII–related antigen (vWF) levels are also low. This situation leads to prolonged bleeding time. Moreover, ristocetin-dependent platelet aggregation is absent in 70% of these patients. Although spontaneous bleeding may be mild, serious gastrointestinal bleeding can occur. Treatment is preferably with cryoprecipitate and DDAVP. Direct factor VIII transfusions do not work because they generally contain very little vWF.13









Factors VIII and IX


Factor VIII and IX deficiencies are extremely rare inherited disorders. The underlying pathophysiology behind both diseases is based on the insufficient generation of thrombin by factor IXa/VIIIa complex. Both deficiencies are typically inherited as a recessive X-linked trait. Hemophilia A, or factor VIII deficiency, occurs in 1 in 5000 male births.18 The APTT is prolonged, whereas PT, fibrinogen level, and platelet count are normal. In severe deficiency, spontaneous bleeding may occur, whereas patients with moderate disease may have traumatic bleeding. The diagnosis is established by a reduction of factor VIII activity. Whereas patients with minor bleeding can generally be treated with factor levels that are 25% to 30% of normal, surgical patients generally require target levels that reach 75% to 100% of normal activity. Many different factor VIII preparations can be given, but the half-life of factor VIII is 8 to 12 hours and administration must be on a steady-state basis. Most patients require 2 to 3 weeks of postoperative hematologic support to allow sufficient wound healing and scar formation.16


Factor IX deficiency (Christmas disease) resembles hemophilia A, but it occurs in 1 in 30,000 male births.18 Replacement therapy with factor IX, as in hemophilia A, is recommended.









Rare Inherited Factor Deficiencies


Other factor deficiencies are much less common, and not all are associated with coagulopathies. The presentation and management of these disorders are outlined in Table 4-2. In general, these patients may present with ecchymosis, hematoma, or delayed traumatic bleeding.




TABLE 4-2 Laboratory Findings and Treatment of Factor Deficiencies


[image: image]




Factor II deficiency, hypothrombinemia, is a very rare autosomal recessive disorder with prolonged PT and variably prolonged APTT. Maintenance of >15% of normal levels should be adequate for surgery and can be achieved with fresh frozen plasma (FFP). Factor V deficiency is also a very rare disorder in which the PT and APTT are prolonged. Approximately 25% of normal activity is maintained for surgery. Factor VII deficiency is uncommon and is inherited as an autosomal gene with intermediate penetrance. The PT is prolonged and the APTT is normal. Replacement is achieved by transfusing plasma or factor VII replacement.


Inherited factor X deficiency is autosomal recessive. Maintenance of levels >40% of normal may be achieved with plasma transfusion in preparation for surgery. Factor XI deficiency is uncommon as well and is inherited in an autosomal dominant fashion. A higher frequency of this deficiency is noted in the Ashkenazi Jewish population. These patients may not have bleeding histories but often present with epistaxis. Severe bleeding may occur with trauma or major surgery. Patients can successfully undergo urologic surgical procedures with adequate FFP therapy.


Factor XII deficiency is not usually associated with bleeding manifestations, although the APTT is prolonged. Therapy is not needed for this deficiency. Factor XIII stabilizes fibrin into a covalent network, and in factor XIII deficiency coagulation studies are normal except fibrin stability. Abnormal clot solubility and specific factor XIII assay establish the diagnosis, and transfusion of FFP is sufficient for hemostasis.17 Fibrinogen deficiency, or dysfibrinogenemia, is uncommon and FFP or cryoprecipitate may be given to maintain a level adequate for normal hemostasis.












DISORDERS OF INCREASED BLEEDING


Coagulation and bleeding abnormalities are among the major problems encountered in the surgical or critically ill patient. Although most of these patients have no intrinsic abnormalities of hemostasis, either their underlying disease or the therapy of the disease may produce clinically significant bleeding problems. The urologist must be able to recognize these abnormalities quickly and address them before clinically significant problems arise. Failure to do so may result in a significant increase in morbidity and mortality in the acutely ill patient or the surgical patient. In this section, we discuss the major critical disorders that may lead to increased bleeding.






Renal Failure


Renal disease can be associated with functional defects in RBCs, platelets, leukocytes, and coagulation factors. Significant bleeding conditions can occur in the uremic patient, most commonly the result of impaired platelet function. Investigations of the hemorrhagic tendency associated with uremia have mostly been performed in patients with chronic renal failure, and whether these findings can be extrapolated to acute renal failure is unclear.19


Uremic bleeding is multifactorial in origin and is mainly the result of impaired platelet–vessel wall interaction. Increased prostacyclin and nitric oxide production by the endothelium, abnormalities in vWF, and several biochemical and functional abnormalities of uremic platelets have also been described.20 The finding that acquired platelet dysfunction is at least partially corrected by hemodialysis suggests that accumulation of uremic toxins in the blood may contribute to the observed effects. Despite the hemorrhagic tendency, activation of coagulation has been demonstrated in uremic patients and is more prominent in those who are treated with hemodialysis. The safest treatment to relieve uremic bleeding is administration of DDAVP, but its effect is often short-lived. High-dose intravenous (IV) conjugated estrogens can significantly improve the bleeding time and have a longer duration of action.21-24









Disseminated Intravascular Coagulation


DIC is an acquired coagulopathy and is the most commonly entertained diagnosis in a bleeding, critically ill patient. Of all acute causes of coagulopathy, it is potentially the most life-threatening. DIC is not a single entity, but rather a clinicopathologic syndrome that is the end product of a variety of underlying disorders, most commonly bacterial sepsis and malignant disease in the urologic patient.25-28


Central to the pathogenesis of DIC is the unregulated and excessive generation of thrombin.26 Normally, the cumulative effect of clot production, clot dissolution (fibrinolysis), and inhibition of clot activation is to produce the steady-state equilibrium of hemostasis. In DIC, however, excess thrombin is generated, resulting in the inappropriate activation of fibrinolysis and the shifting of the steady state to excessive clot dissolution. A secondary result is that fibrin thrombi are formed in the microvasculature, and platelets and RBCs are trapped and consumed. As the cycle continues, platelets, fibrinogen, and other clotting factors are consumed beyond the body’s ability to compensate, and excessive bleeding ensues. It should be clear from this description that DIC is initially a thrombotic process with secondary hemorrhage occurring only when platelets and clotting factors are sufficiently consumed and depleted. Approximately 10% of patients with DIC present with only thrombotic manifestations.28


Patients in whom DIC is suspected generally present with diffuse bleeding from several sites, petechiae or ecchymoses, hypoxemia, hypotension, or oliguria. In acute DIC, laboratory evaluation demonstrates variable degrees of thrombocytopenia, hypofibrinogenemia, and prolongation of PT and APTT. Assays for fibrin split products (FSPs), fibrin degradation products (FDPs), or the D-dimer fragment of fibrin are generally markedly elevated. The D-dimer assay is theoretically more specific for DIC because this fragment is produced by the action of plasmin on polymerized fibrin.32 Patients with malignant disease often have chronic, compensated DIC in which bleeding is minimal in the steady state, and these patients often present with normal PT/PTT, platelet, and fibrinogen test results. Patients in this subset demonstrate an elevation of FDPs, FSPs, or D-dimer. These patients are also at increased risk for significant bleeding following anything that may activate their clotting system, such as relatively minor surgical procedures.28-30


The diagnosis of DIC relies heavily on laboratory results, but one must also consider the clinical picture. Of all the laboratory findings, thrombocytopenia, hypofibrinogenemia, and D-dimer fragments appear to be the most sensitive in making a laboratory diagnosis.28,29,32 In addition to the coagulation abnormalities, microangiopathic hemolytic anemia is present with fragmented RBCs (schistocytes) on the peripheral blood smear.28


The primary management strategy in patients with DIC consists of aggressive basic support measures and prompt treatment of the underlying process causing the DIC.25,28,33 When this is not possible, when treatment of the underlying disease accentuates the DIC, or when the DIC is progressing despite appropriate treatment of the underlying process, the general approach is to support the patient’s hemostatic system with the transfusion of FFP, cryoprecipitate, or platelets.28 The idea that this approach will add to the consumption coagulopathy has never been clinically proven. If hemorrhage is excessive, replacement with packed RBCs is advised. When the underlying process is not immediately controllable, or when intensive blood replacement therapy does not improve clinical parameters, heparin infusion may be beneficial.34









Primary Fibrinogenolysis


Primary fibrinogenolysis is the condition in which the fibrinolytic pathway is activated independent of the activation of coagulation. This process results in the pathologic degradation of fibrinogen and fibrin by plasmin. Urologic conditions associated with abnormal activation of fibrinolysis are metastatic malignant disease (primarily prostate cancer) and infections.35 In patients with metastatic carcinoma, the tumor cells are presumed to release a substance that directly activates fibrinolysis.27


Patients do not typically present with gross bleeding but are at significant risk for hemorrhage resulting from hypofibrinogenemia. Marked thrombocytopenia should raise the suspicion of the development of DIC. The major laboratory discriminant between primary fibrinogenolysis and DIC is the absence of an elevated level of D-dimer. Once active bleeding develops, it is very difficult to distinguish the two entities because fibrin is generated through the action of thrombin and lysis of fibrin produces D-dimers.27


Unlike in DIC, the treatment of choice of primary fibrinogenolysis is the use of antifibrinolytic agents, such as ε-aminocaproic acid or tranexamic acid.27,35,36 Transfusion support with cryoprecipitate may also be given for severe hypofibrinogenemia. If DIC has developed, the use of antifibrinolytic agents in the absence of systemic anticoagulation (heparin) is contraindicated because of the risk of increased microvascular thrombosis. The best approach in individuals with primary hyperfibrinogenolysis secondary to malignant disease is often aggressive treatment of the underlying malignant condition. Caution should be used in balancing chemotherapy-related bone marrow suppression with bleeding complications resulting from fibrinogenolysis.









Vitamin K–related Disorders


Liver disease and vitamin K deficiency are common causes of abnormal coagulation tests and clinical coagulopathies. The pathophysiology of these disorders is the decreased production of vitamin K–dependent clotting factors (factors II, VII, IX, X) and of proteins C and S. Of all these changes, a decrease in factor VII is the most common because of its short half-life (6-10 hours). The liver is the major source of all coagulation proteins except factor VIII and vWF. Liver disorders may also produce abnormalities in fibrinolysis.37,38 Primary vitamin K deficiency is extremely rare in healthy people. A wide variety of animal and plant sources can provide sufficient vitamin K, and the bacterial flora in the intestine is able to synthesize a significant portion of the required dietary vitamin K. Vitamin K is fat soluble, and therefore adequate bile salt circulation is necessary for absorption.


Vitamin K deficiencies can result from a wide range of conditions. These include, but are not limited to, the following:



1. Newborns, owing to poor transfer of vitamin K by the placenta and lack of vitamin K synthesis in the initially sterile intestine



2. Severe malnutrition or total parenteral nutrition



3. Extrahepatic biliary obstruction



4. Intestinal malabsorption syndromes



5. Broad-spectrum antibiotic use


The liver also synthesizes factor V, which plays a critical role in fibrin generation. Significant impairment of hepatic synthetic function may result in the decreased production of any of these clotting factors despite normal vitamin K status.


Patients with liver disease or vitamin K deficiency initially have isolated prolongation of the PT resulting from a depletion of factor VII without any signs of clinically significant bleeding. In more severe deficiencies, the PTT can also be elevated because of depletion of factors II, IX, and X. A marked reduction in fibrinogen solely on the basis of decreased synthesis is an ominous sign and suggests very severe liver disease. Patients with long-standing liver disease develop portal hypertension, which may result in splenic pooling of platelets. A valuable assessment of liver synthetic function is the measurement of albumin or cholesterol.


In a patient with vitamin K deficiency and no evidence of active bleeding, observation with repletion of vitamin K is indicated. Vitamin K may be administered orally, subcutaneously, intramuscularly, or intravenously. Of these routes of administration, the safest and most reliable is subcutaneous injection as long as the patient’s cutaneous perfusion is adequate. However, this route may take 12 to 36 hours for PT correction. Studies have assessed the risk of anaphylactic reaction when vitamin K is given intravenously, and although the actual number of reports is low, prudent administration is recommended.39 The response to vitamin K may be poor in the presence of liver disease. Patients who fail to respond to vitamin K, who demonstrate increasing abnormalities of PT or PTT, or who are to undergo an invasive procedure may be treated with FFP infusions. Given the short half-life of factor VII, aggressive support with FFP every 6 hours in the perioperative period is generally necessary to produce sustained correction in clotting.40









Massive Transfusion Syndrome


Massive transfusion syndrome results from replacement of total blood volume in <24 hours without the concomitant transfusion of platelets and FFP, as can often be seen in trauma.41 This situation leads to dilutional coagulopathy because stored RBCs contain no viable platelets and may be deficient in clotting factors, which can give a clinical and laboratory picture resembling DIC.41 This diagnosis should be suspected in any patient who presents with bleeding, prolonged PT and PTT, and thrombocytopenia after receiving >5 U of blood. The key element in making the diagnosis is the transfusion history.


Treatment of this disorder is replacement of clotting factors by FFP and of platelets with platelet transfusions. However, the best treatment is avoiding the situation, and this can be achieved by transfusion of 1 U of FFP and platelets for every 5 U of packed RBCs transfused. In individuals with continued or excessive blood loss, empirical treatment with FFP or platelets may be advisable. In the absence of uncontrolled or continued bleeding, it is acceptable to hold the use of FFP and platelets unless they are clinically indicated for postoperative bleeding.












ANTICOAGULATED PATIENT


Patients receiving chronic anticoagulation therapy who require a urologic procedure represent a challenge to the urologist. Perioperative management of these patients should be aimed at minimizing both surgical and medical risks. To accomplish this goal, the urologist must have an understanding of the indication for anticoagulation therapy, the consequence of withholding the therapy, and the pharmacologic mechanism of action of the particular anticoagulation medication.42


The most common indications for chronic anticoagulation include venous thromboembolism (VTE), mechanical prosthetic heart valves, and chronic atrial fibrillation. In addition, the urologist is seeing more and more patients who are managed on antiplatelet therapy following the placement of metallic cardiac stents, particularly drug-eluting stents. Discussion of VTE is addressed later in this chapter. Mechanical prosthetic heart valves require anticoagulation secondary to the risk of thrombotic complications including systemic embolization and occlusive thrombosis. Patients with atrial fibrillation require anticoagulation because of their six times normal increased rate of stroke.42


A discussion of commonly used anticoagulation agents should include aspirin (acetylsalicylic acid [ASA]), warfarin, heparin, and now clopidogrel (Plavix). ASA exerts its anticoagulant effect by inhibiting platelet aggregation by inhibiting thromboxane A production. This effect is irreversible and lasts for the life of the platelet, which is approximately 7 to 10 days. Therefore, patients taking ASA who are undergoing an elective procedure should discontinue ASA for approximately 10 days before the procedure. In theory, if the platelet count is normal and 20% of the platelets are ASA free, near-normal hemostasis can be achieved, and it has been suggested that ASA can be discontinued 3 days before the procedure. Typical patients taking ASA include those with coronary artery disease, those with a history of stroke, and some patients with atrial fibrillation. Discontinuing ASA in these patients for a urologic procedure is often of minimal risk, and ASA treatment can be restarted as soon as reasonable after the procedure.


Although the urologist now faces an aging population of patients, many of whom are taking clopidogrel as a result of prior cardiac stent placement, guidelines have yet to be established regarding the safety of cessation of this drug, even for a short time. Most patients who have had a drug-eluting cardiac stent placed are advised to take lifelong antiplatelet therapy. Each case needs to be addressed individually, however, and the risk-to-benefit ratio of stopping the medication must be weighed against the necessary planned procedure. In any event, this decision needs to involve the urologist, the cardiologist, and often a hematologist.


Warfarin exerts its anticoagulant effect by inhibiting vitamin K–dependent procoagulation factors II, VII, IX, and X and anticoagulant proteins C and S. Warfarin’s effect usually occurs 2 to 3 days after initiation of therapy because of the prolonged half-life of the different procoagulant factors; factor II has the longest half-life (72 hours). In the past, the PT was used to measure the effect of warfarin, but because of variability in PT measurements the INR (international normalized ratio) is currently used. The therapeutic range for all anticoagulant indications is 2 to 3, except for prosthetic mechanical heart valves for which an INR of 2.5 to 3.5 is recommended. Most procedures can be performed safely when the INR is 1.4 or less. Warfarin is used in patients with prosthetic heart valves, atrial fibrillation, and a history of stroke as well as in preventing recurrent myocardial infarction and death in patients with an acute myocardial infarction.43 However, the most common indication for warfarin therapy is management of patients with VTE.


The management of patients taking warfarin who require an invasive procedure depends on the procedure, the risk of bleeding, and the risk of thromboembolism once the warfarin is stopped. Patients who are at lower risk such as those with atrial fibrillation can often discontinue the warfarin, allow the INR to correct, and restart therapy when it is clinically safe following the procedure. For those patients at higher risk for a thromboembolic event, including patients with a mechanical prosthetic mitral valve and patients with a mechanical prosthetic valve and atrial fibrillation or left ventricular dysfunction, should discontinue warfarin 3 to 5 days before admission and start heparin therapy once the INR is <2.0. Traditionally patients required hospital admission for continuous infusion of dose-adjusted unfractionated heparin. However, the current trend is toward the use of low-molecular-weight heparin (LMWH), which can generally be administered in the outpatient setting and does not require monitoring.


One consideration is patients with renal failure, in whom LMWH is contraindicated. If emergency surgery is required, then patients receiving warfarin therapy can receive FFP. Vitamin K to reverse the effect of warfarin should be used with caution because it can complicate the reinitiation of warfarin therapy.44


Heparin acts by inactivating free thrombin through its interaction with antithrombin III (AT III). The inactivation of thrombin prevents the conversion of fibrinogen to fibrin. Heparin also inactivates factors XA and IXA of the coagulation cascade. Heparin’s anticoagulant effect is monitored by APTT. Heparin should be discontinued 3 to 4 hours before a procedure. If reversal is necessary on an emergency basis, protamine can be given.


For patients with a mechanical prosthetic valve who require a minor urologic procedure with a low risk of bleeding, one may perform the procedure safely with an INR in the low therapeutic range (2.5). Patients with nonrheumatic atrial fibrillation without concomitant risk factors for thromboembolism should be managed similarly to patients with an isolated aortic valve (i.e., warfarin should be discontinued 3 to 5 days preoperatively and resumed as soon as possible or ≤3 days). Higher-risk patients should undergo reversal of warfarin with concurrent heparin administration.


Finally, patients with thromboembolic disease that has occurred beyond 3 to 6 months should be managed by discontinuing anticoagulation 3 to 5 days preoperatively and resuming it as soon as possible postoperatively. Patients with a history of a more recent thromboembolic event should be managed with concurrent heparin anticoagulation during the discontinuation of warfarin.43,44









MANAGEMENT OF INTRAOPERATIVE BLEEDING


On occasion, the urologist is faced with a patient who has extreme intraoperative coagulopathy. This condition has many possible causes, and it is imperative for the surgeon to identify the appropriate factors. When the operative field is infected, such as in abscess drainage or resection of xanthogranulomatous pyelonephritis, coagulopathy should be a clue to progressive intraoperative sepsis. In individuals with excessive surgical bleeding, dilutional coagulopathy is a likely source. Finally, in patients with known abnormalities of hepatic synthetic function, the bleeding may be a function of the underlying disease state. The immediate management of such patients varies according to the cause of bleeding.


In patients with dilutional coagulopathy or transfusion reaction, empirical replacement of clotting factors with administration of FFP, cryoprecipitate, or platelets may be enough to slow bleeding and allow completion of the surgical procedure. The patient’s core temperature should be maintained because hypothermia may worsen the bleeding. Devices such as warming blankets, as well as warm irrigation of the surgical field, may allow rapid improvement in core temperature in such a setting. Obviously, in patients with consumptive coagulopathies, such efforts may be of little help, and in these cases, the surgeon’s effort should be focused on prompt completion of the procedure with maximal drainage of the infected cavity, to minimize ongoing bacteremia.


In the absence of visible arterial bleeding, exhaustive efforts to control the bleeding with cautery or ligature are often unsuccessful, and liberal use of packing should be implemented. Extensive efforts to achieve hemostasis only delay the completion of the procedure and, indirectly, worsen the coagulopathy through progressive blood loss and hypothermia. On completion of the procedure, widespread coagulation with devices such as the argon beam coagulator can be useful as long as they do not delay completion of the surgical procedure.


On rare occasions, the procedure must be aborted if the patient is unstable, or packing can be left in place even if the procedure is complete. When this is necessary, packing is generally left in place and the wound is closed in a single layer. The patient is then transported to the intensive care unit for resuscitation and correction of coagulopathy before reoperation and removal of packing, usually 24 to 48 hours later. In cases of extirpative surgical procedures, organ resection should be completed if possible because this allows more prompt resolution of coagulopathy. Reconstruction can then be carried out at time of reexploration. In patients with active infection, drainage or resection of infected tissue is extremely important before the procedure is aborted because ongoing infection will likely perpetuate the coagulopathy. Obviously, acquisition of new infection is a concern in aborted procedures, and the patient should be maintained on broad-spectrum antibiotics while packing materials are in place.









PROBLEMS OF INCREASED COAGULATION






Hypercoagulable State


Patients with a history of recurrent or spontaneous venous thrombosis may have an underlying familial or acquired hypercoagulable state (Table 4-3).45,46 Historically, it was thought that underlying hereditary defects were the source of <10% of such cases.46 More recently, it was determined that, in fact, >50% of such cases have a specific underlying cause. The coagulation cascade is influenced by certain regulatory factors. Abnormalities of these factors may increase the risk of thrombosis and include deficiencies of AT III, protein C, and protein S. Activated protein C (APC) resistance (factor V Leiden mutation) was discovered to account for the majority of diagnosable coagulation defects (Table 4-4).47-50 Factor V Leiden occurs with an estimated frequency of 5% in the general population of European ancestry.51,52


TABLE 4-3 Familial or Acquired Disorders Leading to Hypercoagulable State






	Familial

	Acquired






	Antithrombin III deficiency

	Malignant disease






	Protein C deficiency

	Regulatory protein deficiency (malnutrition/nephrotic syndrome)






	Protein S deficiency

	Acute-phase reactants (trauma/surgery)






	Activated protein C resistance

	Antiphospholipid syndrome






	Factor V Leiden

	Myeloproliferative disorders






	Abnormal factor V cofactor activity

	Heparin-associated thrombocytopenia






	Hypoplasminogenemia

	Disseminated intravascular coagulation






	Abnormal plasminogen

	Oral contraceptives






	Plasminogen activator deficiency

	Pregnancy/postpartum state






	Dysfibrinogenemia

	 






	Factor XII deficiency

	 






	Abnormal platelet reactivity

	 







TABLE 4-4 Prevalence of Disorders Leading to Hypercoagulation in Patients With Thrombosis






	Disorder

	Prevalence (%)






	Activated protein C resistance

	20-50






	Protein C deficiency

	2-5






	Protein S deficiency

	2-5






	Antithrombin III

	2-4






	Antiphospholipid syndrome

	2-3






	Fibrinogen deficiency

	1







Adapted from Brigden ML. The hypercoagulable state: who, how, and when to test and treat. Postgrad Med. 1997;101:249-252, 254-256, 259-262.






Physiology


Most coagulation proteins are serine proteases that act sequentially on one another. These proteins are regulated by another series of proteins called serapins (serine protease inhibitors). Serapins may be activated under normal homeostatic situations, in stress conditions, or as part of administered therapy. Serapin deficiencies may cause the hypercoagulable state. The best-studied serapin is AT III, a heparin cofactor that allows heparin to inactivate factors II, IX, XI, and XII. A decrease in the concentration of AT III predisposes patients to thrombosis by allowing uncontrolled activity of the majority of coagulation factors. AT III deficiency is responsible for hypercoagulability in 2% to 4% of studied patients, and it is present in 0.2% to 0.4% of the general population.53


In addition to regulation by serapins, the clotting cascade is influenced a complex group of receptors at the endothelial surface termed thrombomodulins. These receptors function as anticoagulants because of their ability to neutralize thrombin on the endothelial surface. Once formed, the thrombin-thrombomodulin complex activates a vitamin K–dependent factor called protein C, which metabolizes activated factors V and VIII and thus suppresses coagulation. This activation is facilitated by another vitamin K–dependent factor called protein S, which also functions to metabolize activated factors V and VIII. Deficiencies in proteins C or S may result in a thrombotic tendency, are observed in 2% to 5% of hypercoagulable patients, and are present in approximately 0.5% of the general population.45,46,50


For APC to exert its control on activated factor V, it must first attach itself to and then cleave this factor. A mutation in factor V, called factor V Leiden, has been identified that results in the inability of APC to cleave factor V, a condition referred to as APC resistance. This abnormality accounts for approximately 90% of cases of APC resistance and has a prevalence of approximately 5% in the general population.47-50,53,55


Deficiencies of AT III, protein C, and protein S, as well as APC resistance, are all inherited in an autosomal dominant fashion.45 Whereas deficiencies of these proteins have an incidence of <1% each, APC resistance is present in 3% to 8% of the population.45,50 The presence of APC resistance increases the likelihood of a simultaneous additional inherited disorder. In such cases, the risk for thrombosis is dramatically increased compared with the risk in individuals with APC resistance alone.56-60 Coexisting acquired conditions (see Table 4-1), as well as immobilization, trauma, pregnancy, malignant disease, hormone replacement therapy, and surgery, also significantly add to the risk for thrombosis in individuals with hereditary hypercoagulable states.45,61


An acquired condition that has been increasingly recognized as a common cause of thrombosis is the antiphospholipid syndrome, which is present in 2% to 3% of the general population. Antiphospholipids predispose patients to both arterial and venous thrombosis.62 The diagnosis involves the detection of lupus anticoagulant or anticardiolipin antibodies in conjunction with arterial and venous thromboses or thrombocytopenia.55,63,64 Individuals with lupus anticoagulant may present with an elevation of serum APTT. The mechanism of thrombosis in antiphospholipid syndrome, however, has not been well delineated.









Evaluating the Hypercoagulable Patient


Screening for an underlying coagulation abnormality in cases of venous thrombosis should be performed in the presence of any of the following situations:



1. Family history of thrombosis



2. Thrombosis at an early age (<45 years)



3. Recurrent thrombosis, especially without precipitating factors



4. Recurrent thrombosis despite adequate anticoagulant therapy



5. Thrombosis at an unusual site



6. Elevated APTT (lupus anticoagulant), hematocrit, white blood cells, and platelets



7. Apparent warfarin-induced skin necrosis


Several additional indications suggest the need to test for antiphospholipid antibodies. These indications include a history of recurrent fetal loss, venous or arterial thrombosis associated with thrombocytopenia, and thrombosis associated with neurologic abnormalities such as stroke or transient ischemic attacks. A specific cause of spontaneous venous thrombosis is found in ≤50% of outpatients, but all individuals should be evaluated because of the potentially lethal consequences of an untreated underlying abnormality.53


Abnormalities of AT III, protein C, or protein S in screened individuals can manifest with either a normal or deficient level. Individuals with normal levels may have dysfunctional or inactive forms of these proteins, thereby resulting in a clinically deficient state. A comprehensive discussion of specific assays is beyond the scope of this chapter, but for the aforementioned reasons, functional assays are initially more informative than antigenic assays that simply measure the presence or absence of the factor. Ideally, the patient should not be in an active thrombotic state or taking anticoagulants at the time of testing.


Whenever possible, anticoagulant therapy should be discontinued several weeks before testing because warfarin and heparin can interact with the various assays. When concern exists that a patient is still at risk for thrombosis if anticoagulation is discontinued, it is possible to continue anticoagulation while testing for certain hypercoagulable states. Deficiencies in AT III, lupus anticoagulant, and anticardiolipin antibodies, as well as APC resistance (in factor V–deficient plasma), can be detected during warfarin administration. Additionally, protein C or S deficiencies or anticardiolipin antibodies can be tested for while patients are receiving heparin (Table 4-5).53


TABLE 4-5 Effects of Anticoagulants on Functional Assays for Hypercoagulable States






	Functional Assay

	Effect of Anticoagulant






	Heparin

	Warfarin






	Antithrombin III

	Decrease

	No effect






	Protein C

	No effect

	Decrease






	Protein S

	No effect

	Decrease






	Activated protein C resistance

	False-positive result

	Modified assay may avoid interaction






	Lupus anticoagulant

	Possible false-positive result

	Modified assay may avoid interaction






	Anticardiolipin antibodies

	No effect

	No effect







A positive test result should be confirmed before the diagnosis of an inherited deficiency is made. To confirm the diagnosis of the antiphospholipid syndrome, antibodies must be shown to be present on two occasions >3 months apart.









Management


Acute thrombosis with an underlying hypercoagulable condition requires treatment as discussed in the next section, on DVT, but some special considerations should be kept in mind in patients with known hypercoagulable states and an acute thrombotic event. After the initial therapy and the recommended 3 to 6 months of therapy with anticoagulation, the question remains which patients require continued anticoagulation. The number of sites involved, the severity of thrombosis, the presence of recurrent thrombosis, and whether the thrombosis was spontaneous or secondary to a precipitating event should all be taken into consideration. Special attention must be paid to such factors as reproductive status and potential risks for immobilization or trauma.


For patients with antiphospholipid syndrome, available studies suggest that lifelong anticoagulant therapy should be considered in the setting of any arterial or venous thrombotic event.55,63 Conversely, lifetime anticoagulation is recommended only for patients with two or more thromboembolic events following the diagnosis of an inherited deficiency. Finally, in asymptomatic adults with hereditary deficiencies, short-term prophylaxis with heparin (subcutaneous or LMWH) should be considered when the risk of thrombosis is increased, such as during prolonged bed rest, surgery, or trauma.45,46,53












Deep Venous Thrombosis and Pulmonary Embolism


Thromboembolic disease, in particular DVT and pulmonary embolus (PE), is a significant cause of morbidity and mortality especially in the surgical patient. DVT accounted for nearly 100,000 hospital visits in 2000, according to the Centers for Medicare and Medicaid Services.54 Approximately 5 million cases of DVT, 500,000 to 630,000 cases of PE, and 200,000 cases of fatal PE occur annually.51 DVT incidence rates of 30% and PE incidence rates of 14.1% have been reported in the general surgical population. Although the most extensive work has been done in orthopedic surgery, thromboembolic disease is known to be a major potential complication of urologic surgery, especially pelvic surgery. In a review, Kibel and associates65 reported a DVT incidence rate of approximately 30%, a PE incidence rate of 10%, and a fatal PE rate of 5% in patients undergoing pelvic surgical procedures without prophylaxis. Investigators have reported that 1% to 5% of patients undergoing major urologic surgical procedures have symptomatic VTE.66


The risk factors for venous thrombosis can be thought of in the context of Virchow’s triad for the pathophysiology of thrombus formation:



1. Stasis



2. Hypercoagulability



3. Intimal injury


Risk factors include advanced age (>60 years old), obesity, history of previous DVT, prolonged immobility, pregnancy, malignant disease, fracture, estrogen use, major medical conditions leading to venous stasis (congestive heart failure, nephrotic syndrome, sepsis, myocardial infarction, inflammatory bowel disease, erythrocytosis, myeloproliferative disorder), and thrombophilia, which is the tendency to recurrent VTE.59,67,68 That these risk factors are additive is important. For instance, Wheeler showed that patients with no risk factors had an 11% and 1% rate of DVT and PE, respectively, whereas those patients with one risk factor had a 24% and 4% rate, and finally those with four risk factors had a much higher risk of 100% and 67%, respectively.69


Thrombus formation is believed to occur during the surgical procedure.69,70 Furthermore, investigators have proposed that the likelihood of thrombus formation increases with the duration of anesthesia, especially if it exceeds 1 hour.71,72 This finding seems to be related to an increase in venous stasis secondary to prolongation of intraoperative muscle relaxation.


Urologic patients, by the nature of the diseases for which they are surgically treated, often have multiple risk factors for thromboembolic disease including advanced age, malignant disease, and prolonged operative time. The incidences of DVT and PE have been examined in various urologic procedures. Historically, Colby in 1948 reported a 6.26% thromboembolic rate and a 2.64% fatal PE rate in patients undergoing open prostate surgical procedures.61a The DVT and fatal PE rate for suprapubic prostatectomy has been reported to be 17.39% and 8.69%, respectively. Igel and associates73 reported similar rates of 1.2% for DVT and 2.7% for PE in a review of postoperative complications after radical retropubic prostatectomy in a series of 692 consecutive patients. In the setting of cystectomy, incidences of 8.1% for DVT, 1.8% to 4.1% for PE, and 2% for fatal PE have been reported.74,75 Soloway and colleagues76a reported a DVT rate of 0.21% in their series of 1364 patients who underwent open radical prostatectomy with only mechanical compression device prophylaxis.


The challenge of diagnosing DVT stems from the nonspecific nature of its clinical presentation. The classic triad of pain, swelling, and erythema can be found in both patients with and without DVT, and the classic Homans sign is found in only 10% of patients with DVT.69 In view of these findings, objective testing is required to confirm the diagnosis before treatment, particularly because the treatment of thromboembolic disease is not without its own additional complications. Once DVT is suspected, compression ultrasonography of the proximal veins or duplex ultrasonography should be performed. Compression ultrasonography has a sensitivity of >90% for detecting proximal vein thrombosis.77,78 It is less invasive than the gold standard diagnostic test, contrast venography, and is more accurate than impedance plethysmography.67 If the initial ultrasound finding is abnormal, then a diagnosis of DVT can be comfortably made. Conversely, when the test result is normal, one cannot completely rule out the possibility of a DVT. Ginsberg, in a review of DVT management, recommended a repeat ultrasound study for those patients with clinically suspected DVT who had normal findings on their initial ultrasound examination.67


Because of the difficulty of definitively diagnosing DVT definitively, attempts have been made to develop strategies to accomplish this without the need for repeat testing. One investigated strategy involves measuring plasma D-dimers, often in combination with impedance plethysmography or other assays.78 More extensive work needs to be conducted in this area before this approach can become standard practice.


The diagnosis of acute PE is also difficult given the wide range of presentation (see Chapter 2).59,79,80 More recent approaches, such as use of the Wells score, have suggested using a D-dimer test and categorizing patients as having a low, intermediate, or high probability of PE.81 When the index of suspicious is high, particularly in patients in the postoperative period, a spiral computed tomography (CT) scan is warranted and is considered by most clinicians to be the standard initial diagnostic test.


At present, we often employ spiral chest CT as a first test for PE. If results are negative, then we proceed with pulmonary angiography only if a strong clinical suspicion still exists for PE. A potential shortcoming of both spiral CT and pulmonary angiography is the need for a large bolus of IV or intra-arterial contrast material. In individuals with preexisting renal compromise, a ventilation-perfusion scan is clearly the best first test to consider.


Newer modalities for diagnosis and exclusion of PE have been evaluated. These techniques include ventilation-perfusion single photon emission CT (SPECT), single-detected and multi-detected CT, and magnetic resonance angiography (MRA) with gadolinium enhancement and perfusion magnetic resonance imaging (MRI).82 Real-time MRI has been suggested for patients in whom contrast studies should be avoided or who have renal failure.82 MRA may be used more in the future as techniques are improved and more data become available.






Management


The goals of treating thromboembolic disease are to prevent further propagation of the thrombus, to prevent embolization of the thrombus, and in certain situations to promote fibrinolysis. Once the diagnosis is made, then anticoagulation therapy should be instituted unless a contraindication exists. If the patient is hemodynamically unstable or has extensive ileofemoral DVT, thrombolytic therapy may be considered. This therapy usually entails the use of streptokinase (SK), urokinase (UK), or tissue plasminogen activator (tPA). The use of thrombolytic therapy is limited by the associated increased risk in major bleeding, especially in the postoperative patient. The Food and Drug Administration currently recommends two regimens for thrombolytic therapy: (1) IV SK with a bolus of 250,000 U followed by an infusion of 100,000 U/hour for ≤72 hours for the treatment of DVT; and (2) 100 mg IV tPA over 2 hours for the treatment PE.67,67a Again, thrombolytic therapy should be reserved for those patients with hemodynamic instability, extensive disease, and low risk of bleeding.


If the patient is not hemodynamically unstable, then heparin therapy should be instituted immediately on confirmation of DVT. Various regimens for the administration of IV unfractionated heparin have been developed, are based on weight or dose titration nomograms.67 An APTT of 1.5 to 2.5 times the control is recommended. Furthermore, attempts should be made to achieve therapeutic APTT values as rapidly as possible because persistent subtherapeutic values likely increase the risk of DVT recurrence. Heparin therapy is usually maintained for 4 to 7 days.


Warfarin therapy is started 24 hours after heparin therapy and is monitored by INR with a goal of 2.0 to 3.0 times control. The clinician should confirm that the patient has no evidence of major bleeding with a therapeutic APTT before warfarin therapy is instituted. Heparin therapy can be discontinued once therapeutic levels of INR have been achieved for 2 days. The duration of treatment is determined by the risk for future thromboembolic disease. Patients with a first episode of thromboembolic disease and a reversible risk factor such as surgery should be treated for 6 weeks to 3 months (depending on the severity of the episode). As described later, patients with idiopathic thromboembolic disease should be treated for 3 to 6 months. Longer and, in certain instances, indefinite treatment is recommended in patients with a predisposition for recurrent venous thrombus.


Complications of heparin therapy include bleeding, thrombocytopenia with and without thrombosis, osteoporosis, skin necrosis, and less common complications including anaphylaxis, hypoaldosteronism, and alopecia.59,83 Similar complications are associated with warfarin therapy; bleeding is the most common. Particular attention should be paid to concomitant medications that may interact with warfarin and affect INR, the most prevalent of which are fluoroquinolones, macrolides, and sulfonamides in the treatment of urologic patients.84,85


Because of potential complications, alternative anticoagulation regimens have been sought. Several studies have been conducted in the past 2 decades to evaluate LMWH. LMWHs are synthesized from larger unfractionated heparin molecules by enzymatic or chemical depolymerization.86-89 The advantages of LMWH include superior bioavailability, lower incidence of bleeding, lower incidence of heparin-induced thrombocytopenia, ease of administration and monitoring (subcutaneous once or twice daily), and the availability of outpatient use.86,87 Several trials comparing LMWH with unfractionated heparin concluded that LMWH significantly reduced recurrence, had a superior relative risk reduction of thromboembolic complications, and incurred a statistically significant reduction in bleeding.87,90 Although the actual cost of LMWH is 10 to 20 times that of unfractionated heparin, the potential lower complication rates, the reduced need for laboratory and hospital monitoring, and the availability of outpatient treatment may make LMWH a more cost-effective alternative. For these reasons, LMWH is preferable to unfractionated heparin in most settings.87


For those patients with a contraindication to anticoagulation therapy, an inferior vena caval filter can be considered. However, no definitive evidence confirms the efficacy of these devices in preventing PE. Surgical intervention (i.e., thrombectomy) has been replaced by thrombolytic therapy. The only definitive indication for surgical thrombectomy is in a patient with chronic thromboembolic pulmonary hypertension or in a patient with a massive PE and a contraindication to thrombolytic therapy.


Because of the significant morbidity and mortality associated with thromboembolic disease, prevention is critical, especially in the surgical patient. Radical pelvic surgery is considered to be a serious risk factor for postoperative DVT; it is associated with a DVT rate of approximately 30% and PE rate of 10% in patients without prophylaxis.65 With prophylaxis, these rates decrease to 10%, and 1.5% respectively. However, currently no large, randomized prospective studies have examined various methods of prophylaxis in the urologic patient. Chandhoke and colleagues91 conducted a prospective randomized study comparing warfarin and intermittent pneumatic leg compression as prophylaxis for postoperative DVT in the urologic patient and concluded that low-dose warfarin is as effective as is intermittent pneumatic leg compression. Unfortunately, this study involved only 100 patients.


Based on data in general and orthopedic surgical patients, Clagget and associates91a developed a general strategy for prevention based on a patient’s risk. For the low-risk patient (<40 years old; undergoing minor surgical procedures), early ambulation is all that is recommended. Patients with moderate risk (>40 years old; undergoing major surgical procedures; no other risk factors) should receive low-dose unfractionated heparin at a dose of 5000 U subcutaneously 2 hours preoperatively and then postoperatively every 8 hours or intermittent pneumatic compression (IPC) stockings during and after surgery. IPC stockings not only increase blood flow but also promote fibrinolysis. Low-dose unfractionated heparin, LMWH, or use of IPC stockings is recommended for high-risk patients (>40 years old; undergoing major surgical procedures; and additional risk factors). High-risk patients with a history of previous VTE, malignant disease, orthopedic surgery, hip fracture, stroke, or spinal cord injury should receive LMWH, oral anticoagulation, IPC stockings, or adjusted-dose heparin given at a dose of 3500 U three times a day beginning 2 days preoperatively to maintain an APTT at the upper limit of normal.


We routinely use IPC stockings in all patients undergoing open pelvic surgery, particularly for malignant disease. Individuals with bulky pelvic malignant tumors should be evaluated preoperatively for the presence of a preexisting DVT before the placement of IPC stockings. IPC stockings are placed before the induction of anesthetic and muscle relaxation and are maintained until the patient is ambulating on a regular basis postoperatively. In patients undergoing flank surgery, the decision to use IPC stockings is based on the anticipated length of the procedure. Given the position of the patient during flank surgery, we generally employ IPC stockings in most patients.


A review of 5900 patients undergoing laparoscopic prostatectomy showed that only 31 developed symptomatic VTE within 90 days of the surgical procedure. The investigators found that prior DVT, current tobacco smoking, larger prostate volume, longer operative time, and longer hospital stay were associated with VTE in univariate analysis. The data did not support the routine use of heparin prophylaxis in this multi-institution study.92


A topic of concern is late thromboembolic complications. In the past, it was believed that DVT occurred in the first 3 postoperative days and that prophylaxis was indicated during that period. More recent studies, however, suggested that significant numbers of DVT and PE cases occur after hospital discharge. Huber and associates93 determined that ≤25% of DVT and 16% of PE occurred after hospital discharge. This finding of late DVT has been noted in urologic patients as well. In a series reviewing postoperative complications in patients undergoing radical retropubic prostatectomy, investigators noted that DVT was diagnosed an average of 12 days postoperatively.73 Late thromboembolism is thought to result from a prolonged hypercoagulable state that extends beyond the period of prophylaxis. Such prolonged states may be of particular concern in patients at prolonged bed rest or with concurrent malignant disease. Unfortunately, the trend toward minimally invasive surgical procedures and earlier hospital discharge may make addressing this question more difficult.
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KEY POINTS






1. Unless the patient is severely symptomatic, correction of hyponatremia should proceed slowly so as to avoid the development of central pontine myelinolysis.



2. The mechanism of TUR syndrome likely involves a combination of hyponatremia, hyperammonemia, and hyperglycinemia. The extracellular volume contraction and natriuresis that take place call into question the customary use of diuretic therapy. Fluid resuscitation, possibly with hypertonic saline (3% NaCl), is more appropriate.



3. Brisk diuresis (>200 mL/hr) following the relief of urinary obstruction constitutes POD. Patients with POD should be monitored and treated to ensure that volume depletion and electrolyte disturbance do not occur. Most often, however, the diuresis is physiologic and will cease spontaneously without significant sequelae.



4. The frequency and severity of metabolic complications following urinary diversion depend on the segment of bowel used, surface area, contact time, urine composition, renal function, and liver function. Metabolic disturbance is most common with the use of jejunum. This segment should only be used if ileum or colon are either unavailable or inadvisable. Complications with continent urinary diversion can be minimized if this form of diversion is limited to patients with a serum creatinine <2.0 mg/dL and a normal urine protein concentration.





Implicit with the medical and surgical management of genitourinary disorders, metabolic complications are commonly encountered in urologic practice. To facilitate the diagnosis, management, and prevention of such complications, the urologist must maintain a firm understanding of the pathophysiology involved. This chapter provides an in-depth discussion of metabolic complications commonly encountered as sequelae of urologic surgery, including transurethral resection (TUR) syndrome, post-obstructive diuresis (POD), and metabolic complications of urinary diversion. Additionally, special consideration is given to the perioperative management of patients with chronic kidney disease (CKD).






PERIOPERATIVE MANAGEMENT OF THE PATIENT WITH CHRONIC KIDNEY DISEASE


CKD affects an estimated 35% of adults over the age of 20 years in the United States.1,2 It is associated with numerous complications and comorbid conditions that, together, pose a definite morbidity and mortality risk. Fortunately, adverse outcomes from renal insufficiency can be delayed or prevented through appropriate monitoring and early treatment. As such, it is essential that the urologist maintains a basic understanding of the pathophysiology of CKD, particularly as it applies to perioperative management.






Definition of Chronic Kidney Disease


In 2002 the Kidney Disease Outcome Quality Initiative (K/DOQI) Working Group of the National Kidney Foundation defined CKD according to the presence of objective renal damage (e.g., proteinuria >300 mg/day) or a glomerular filtration rate (GFR) below 60 mL/min/1.73 m2 for >3 months.2 GFR, the best measure of overall renal function, represents the product of the number of functioning nephrons and single-nephron GFR. GFR can be estimated using the Cockcroft-Gault equation for creatinine clearance. Normal reference levels of GFR vary with age, gender, and body size. A GFR of 60 mL/min/1.73 m2 represents roughly half the normal adult GFR. The K/DOQI definition makes allowance for the normal age-related decline in GFR (~1 mL/min/1.73 m2 per year) that occurs after the age of 20 or 30 years.


Irrespective of GFR, all patients with objective evidence of kidney damage are considered to have CKD because they remain at risk for progressive loss of renal function and related complications (Table 5-1). CKD is classified into five stages according to GFR (Table 5-2). Although the cut-off values between stages are arbitrary, the prevalence and severity of complications associated with CKD worsen as GFR declines.


TABLE 5-1 Comorbidities and Complications of Chronic Kidney Disease






	Comorbidities

	Complications






	


Diabetes mellitus (type 1 or 2)



Hypertension



Cardiovascular disease




	


Cardiovascular disease



Hypertension



Anemia



Bone disease (renal osteodystrophy)



Platelet dysfunction



Malnutrition



Neuropathy



Drug toxicity



Fluid and electrolyte imbalance



Hypervolemia



Increased total body sodium



Hyper- or hypokalemia



Hypocalcemia



Hyperphosphatemia



Metabolic acidosis












TABLE 5-2 K/DOQI Classification of Chronic Kidney Disease
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Management of Comorbidities and Complications


The numerous complications and comorbid conditions associated with CKD may negatively impact patient outcome independent of the renal dysfunction itself (see Table 5-1). Each deserves individual consideration and management so as to minimize the potential for adverse events in the perioperative period.


Diabetes mellitus and hypertension represent the first and third leading causes of end-stage renal disease (ESRD), respectively.3 New-onset or worsening hypertension, secondary to hypervolemia and stimulation of the renin angiotensin system, also represents a common complication of CKD.4 Strict glycemic control and optimization of blood pressure are obvious goals in the perioperative period. Angiotensin-converting enzyme (ACE) inhibitors and angiotensin-receptor blockers (ARBs) are first-line anti-hypertensive agents used in this setting; their use is based on studies that demonstrate effective blood pressure control and reduced risk of progression to ESRD in both diabetic and non-diabetic CKD patients.5,6 Diuretics, followed by calcium channel or beta-blocking agents, may be added if blood pressure remains high despite ACE inhibitors or ARBs.7 Loop diuretics are preferred over thiazides if the GFR is <30 mL/min/1.73 m2.8


Cardiovascular disease is a common complication of CKD. Relative to the general population, the cardiovascular risk is 3-fold higher among patients with mild renal insufficiency and 65-fold higher in patients with ESRD.9,10 Reasons for this include extraskeletal calcification (e.g., valvular, atherosclerosis) secondary to calcium-phosphorous dysregulation, ventricular hypertrophy secondary to chronic anemia, congestive heart failure (CHF) exacerbated by hypervolemia, as well as hypertension, diabetes, and dyslipidemia.11 Patients with longstanding CKD or a history of myocardial ischemia warrant preoperative cardiac evaluation, particularly if invasive surgery is planned.


Anemia is common in patients with a GFR <60 mL/min/1.73 m2.12 It is typically normochromic normocytic and reflects insufficient production of erythropoietin. Most patients with CKD are symptomatic (e.g., fatigue) at hemoglobin values <11 g/dL. Chronic anemia may promote left ventricular hypertrophy, CHF, and myocardial ischemia if untreated.11 Supplemental iron and vitamins are usually ineffective and repeated transfusion risks the development of immune sensitization, which may compromise future transplantation. Recombinant erythropoietin is recommended as primary treatment. Maintaining the serum hematocrit at 33% to 36% or hemoglobin at 11 to 12 g/dL has been shown to reduce cardiovascular mortality by 30%.13,14


Patients with renal insufficiency may develop a bleeding diathesis late in the course of disease as demonstrated by a prolongation in bleeding time. The primary defect involves an abnormality in von Willebrand factor (vWF)-related platelet aggregation and platelet–vessel wall interaction. Measures to correct this include administration of cryoprecipitate, factor III, or DDAVP (1-deamino-8-D-arginine vasopressin), all of which raise circulating levels of vWF. Correction of anemia with either erythropoietin or red blood cell transfusion also may improve the bleeding profile. These strategies are recommended as both prophylaxis and treatment in uremic patients undergoing major surgery.









Fluid and Electrolyte Considerations


Most patients with CKD are able to maintain fluid and electrolyte homeostasis until the GFR is 15 mL/min/1.73 m2.15,16 Homeostasis occurs because an adaptive increase in both single nephron GFR and tubular function causes an increase in the fractional excretion of water and electrolytes. Such adaptation can only maintain homeostasis under the conditions of a normal diet, however. Extreme changes in diet, as may occur perioperatively, often lead to fluid and electrolyte imbalance.


Patients with CKD progressively lose the ability to both conserve and excrete sodium. When the GFR falls below 15 mL/min/1.73 m2, sodium excretion becomes relatively fixed and the kidneys are no longer able to compensate for changes in sodium intake and non-renal sodium loss.17 At a GFR of 5 mL/min/1.73 m2, the excretion of 120 to 140 mEq of sodium per day allows for a daily sodium intake of 5 to 10 g. Dietary intake below 2 g per day risks sodium depletion, whereas intake above 10 g risks total body sodium excess. Sodium depletion secondary to non-renal loss is not uncommon in the perioperative period. Risk factors for sodium depletion include nasogastric suction, vomiting, diarrhea, and fistula drainage. Perioperative diuretic therapy may worsen the situation by augmenting renal sodium excretion. Patients without risk factors for sodium depletion require 5 to 10 g of sodium per day (diet or intravenous [IV]) to maintain homeostasis, whereas those with established risk factors require additional supplementation. In the setting of severe peripheral (or pulmonary) edema or hypertension, sodium intake should be limited to 2 g per day in order to avoid further fluid overload.


As renal failure progresses, the kidneys also lose the ability to concentrate and dilute urine. The concentration defect results from an impairment in the medullary solute gradient, which often overshadows the dilution defect until renal failure is quite advanced. Typically, water loads are well tolerated until the GFR approaches 15 mL/min/1.73 m2.15,16 In conjunction with the inability to regulate sodium excretion, the concentration defect predisposes patients with CKD to dehydration. The solute load generated by the intake of 5 to 10 g of sodium per day results in an obligate urine volume of 1.5 to 2.0 L.17 Consideration of perioperative fluid replacement must take into account obligate urine output in addition to the customary loss that occurs through hemorrhage, drainage, or insensible routes. Failure to do so may result in severe dehydration and an acute worsening of renal function through inadequate renal perfusion (pre-renal failure). Fluid intake should be maintained at a minimum of 1.5 L per day unless the patient has ESRD, in which case intake should match urine output plus insensible losses.


Hyponatremia is common in patients with severe CKD due to the impaired excretion of free water (i.e., dilution defect). Fluid restriction to less than 1 L per day is generally sufficient.


Hyperkalemia is uncommon in CKD until the GFR falls below 25% of normal. Patients with severe CKD are unable to fully excrete the daily potassium load, thus they are exquisitely sensitive to changes in intake. Exogenous intake of potassium, be it through diet or medications, is the most common cause of hyperkalemia in CKD. As such, potassium restriction is an important component of therapy.









Preoperative Evaluation


Patients with CKD require a careful preoperative determination of overall health. The basic evaluation includes a careful history and physical examination, complete metabolic profile, coagulation times, electrocardiogram, and plain radiograph of the chest. The presence of comorbid or complicating conditions should be determined preoperatively and managed accordingly. A detailed list of prescribed medications should be made because polypharmacy is common. Medications that adversely affect renal function or whose clearance depends on adequate renal function may require substitution or a reduction in dose. Nephrology consultation is advised for both perioperative and long-term care if the GFR is below 30 mL/min/1.73 m2.












TUR SYNDROME






Etiology


TUR syndrome is a constellation of signs and symptoms caused by the intravascular absorption of hypotonic fluids during endoscopic surgery. It is most commonly reported following transurethral resection of the prostate (TURP), but it may complicate any endoscopic procedure in which hypotonic irrigation is used,18 including cystoscopy, bladder tumor resection, percutaneous nephrolithotripsy, and transcervical endometrial resection. Intravascular absorption of irrigant occurs primarily through direct infusion into open venous channels; however, reabsorption of extravasated fluid following inadvertent perforation of the prostatic capsule or bladder wall also may occur. This distinction is important because TUR syndrome secondary to direct intravascular absorption presents acutely, whereas TUR syndrome associated with extravasation may be delayed up to 24 hours.19


Early reports of TUR syndrome noted reddish discoloration of the serum, progressive oliguria, azotemia, pulmonary edema, and even death following the absorption of large amounts of sterile water during TURP. Non-electrolyte solutions with osmolalities similar to serum (275-290 mOsm/kg H2O) were introduced when it was recognized that the rapid absorption of water could cause intravascular hemolysis and subsequent renal failure. These solutions included glycine, mannitol, and sorbitol. Although the risk of hemolysis with such solutions is negligible, TUR syndrome remains a concern, albeit less common, because all modern irrigants are hypo-osmolar relative to serum (1.5% glycine = 200 mOsm/kg). The incidence of TUR syndrome among patients undergoing TURP with glycine is 1% to 10%.18 Mortality ranges from 0.2% to 0.8%.19









Mechanism


The mechanism of TUR syndrome is not universally agreed upon. Leading theories include the following18,20:



1. Intravascular fluid absorption



2. Hyponatremia



3. Hyperammonemia



4. Hyperglycinemia


Although many consider hyponatremia to be the primary cause of TUR syndrome, multiple factors are likely responsible. This may help to explain the heterogeneous presentation of this syndrome.


It is estimated that 20 mL of irrigation fluid is absorbed per minute of resection during TURP.50 Rapid or prolonged intravascular absorption causes a transient hypervolemia as demonstrated by an initial rise in central venous pressure (CVP), which plateaus within 15 minutes.18,22 Hypertension and reflex bradycardia are common early; however, as the syndrome progresses, a hypokinetic hemodynamic phase characterized by hypotension and bradycardia often develops. This hemodynamic shift reflects a decline in both cardiac output and intravascular volume, which begin once irrigation is discontinued.18,23,24 Factors responsible include natriuresis, osmotic diuresis, intracellular uptake of water, hyponatremia, hypocalcemia, and hypothermia among others.


Hyponatremia results from (1) expansion of the extracellular compartment by the infusion of hypotonic fluid (i.e., dilutional hyponatremia), and (2) increase in the urinary excretion of sodium (i.e., natriuresis). The relative contribution of dilution and natriuresis toward hyponatremia depends on the amount of irrigation absorbed and the timing of serum sodium analysis.25 Early in the course of absorption, sodium dilution predominates because the majority of fluid remains extracellular. As the osmotic gradient widens, water is progressively drawn into the intracellular space such that hyponatremia reaches nadir when hypotonic irrigation is stopped. Less than 50% of the absorbed fluid remains extracellular 30 minutes after infusion has ended.


Serum sodium is commonly used to quantify extracellular fluid (ECF) volume expansion; however, this suggests that it is only at the completion of surgery that such an estimate is accurate. The degree of hyponatremia is an inaccurate measure of extracellular hydration at all other points in the postoperative period. Cases of irrigant extravasation represent an exception to this rule because hyponatremia in this setting is most pronounced 2 to 4 hours after surgery due to delayed reabsorption. The systemic absorption of glycine stimulates renal sodium excretion.18 Natriuresis accounts for 20% of the hyponatremia at the conclusion of glycine infusion and 30% to 60% when measured 30 minutes later. Taken together, the extracellular volume contraction, intracellular volume expansion, and natriuresis that occur following the absorption of hypotonic fluids call into question the use of fluid restriction and loop diuretics as treatment for TUR syndrome.


Severe acute hyponatremia (<120 mEq/L), particularly in the context of hypervolemia, is a risk factor for cerebral edema and possible mortality. Early symptoms of cerebral edema include nausea, vomiting, and confusion. Seizures, obtundation, and coma may develop if the hyponatremia is not corrected promptly. Hypertension and bradycardia (i.e., Cushing reflex) also may arise as a consequence of heightened intracranial pressure. Radiologic studies demonstrate that cerebral edema may occur following the absorption of as little as 1 L of hypotonic irrigation.26 By comparison, irrigation with normal saline causes a greater expansion of the intravascular space, but cerebral edema is uncommon.18


The most common irrigant used during TURP today is 1.5% glycine. Independent of volume and electrolyte imbalance, glycine and its metabolites retain properties that directly contribute to TUR syndrome in a dose-dependent manner.27,28 Glycine is metabolized by the liver into ammonia and glyoxylic acid. A small proportion (10%) is excreted unchanged by the kidneys and promotes an osmotic diuresis and natriuresis.18 Within the retina and central nervous system, glycine functions as an inhibitory neurotransmitter. Visual disturbance is reported in 10% of patients absorbing more than 500 mL of 1.5% glycine solution.18,27,28 With continued absorption, this may progress to transient blindness, which generally resolves within 24 hours and requires no specific treatment.29 Depending on the volume of glycine absorbed, a spectrum of mental status changes may be noted. The spectrum includes confusion, depressed consciousness, and coma. Glycine also impairs cardiac conduction and contractility through the generation of subendocardial hypoxic lesions.30


Ammonia represents an intermediate product in the hepatic metabolism of glycine. Normally, ammonia is further metabolized by the liver into urea, which is then excreted by the kidneys. In cases of renal or hepatic insufficiency, however, the metabolism of ammonia is impaired and hyperammonemic encephalopathy may occur. Serum ammonia levels tend to correlate with the incidence and severity of neurologic symptoms.31 Hyperammonemic encephalopathy secondary to glycine absorption is self-limited and will gradually correct once the infusion is stopped. Only supportive measures need be provided.









Risk Factors


Potential risk factors for the development of TUR syndrome are listed in Box 5-1.18 Although the extent of resection correlates with the volume of irrigation absorbed and the incidence of TUR syndrome, in turn, the relationship between TUR syndrome and irrigation pressure is not as precise. Two large studies have failed to demonstrate any correlation between bag height and fluid absorption during TURP.32,33 Smoking has been shown to be an independent predictor of large-scale fluid absorption (>1 L) in patients undergoing TURP. This is thought to reflect an increase in prostatic microvessel density among smokers.34





BOX 5-1 Risk Factors for Transurethral Resection Syndrome During Transurethral Resection of the Prostate


Data from Hahn RG. Fluid absorption during endoscopic surgery. Br J Anaesth. 2006;96(1):8-20.






Extensive resection



>45 g



>90 min



Open venous sinus



Capsular perforation



High pressure irrigation



>40 cm H2O



Intermittent flow resection



Smoking history












Presentation


The presentation of TUR syndrome is heterogeneous and depends on the volume, rate, route, and type of fluid absorbed. Mild cases usually present 30 to 45 minutes after the completion of surgery and may be overlooked.18 Symptoms are usually neurologic or cardiovascular in origin (Table 5-3). During the intraoperative and early postoperative period, nausea, vomiting, restlessness, confusion, and visual disturbance are common as are the sensations of facial prickling and warmth. Blindness, seizures, and coma may occur in extreme cases. Although transient hypertension and bradycardia can be seen initially, hypotension secondary to gradual ECF volume contraction is more common and problematic. Pulmonary edema may develop in patients with left ventricular dysfunction. In the event of extravasation, abdominal pain radiating to the shoulder is common.


TABLE 5-3 Symptoms of Transurethral Resection Syndrome






	Cardiovascular

	Neurological






	Bradycardia

	Nausea






	Hypertension

	Vomiting






	Hypotension

	Restlessness






	Shortness of breath

	Confusion






	Chest pain

	Depressed consciousness






	 

	Headache






	 

	Blurred vision






	 

	Blindness














Evaluation


Suspicion of TUR syndrome intraoperatively warrants prompt termination of the procedure after hemostasis is attained. Serum sodium and osmolality should be measured at the completion of surgery because it is only at this time that they accurately quantify ECF volume expansion. Most patients are not symptomatic until the serum sodium concentration falls <125 mEq/dL.


Supplementary measures of fluid absorption include volumetric fluid balance (volume irrigation − volume recovered = volume absorbed), patient weight, CVP, and ethanol breath measurement; however, these are not in widespread clinical use. In addition to laboratory evaluation, hemodynamic stability and intravascular volume status should be determined. This may involve central venous or pulmonary capillary wedge pressure monitoring in unstable patients.









Management


The treatment of TUR syndrome must address both volume status and hyponatremia. On one hand, hypertension secondary to volume overload is usually transient and will resolve spontaneously as the osmotic diuresis and intracellular transfer of fluid proceed. Cardiovascular collapse, on the other hand, requires urgent treatment. Unstable patients with profound hypotension and bradycardia are treated with atropine, epinephrine, and IV calcium.35


Although fluid restriction and loop diuretics were recommended in the past to correct volume overload and hyponatremia, the extracellular volume contraction and natriuresis that occur in the postoperative period question whether such steps are appropriate. Loop diuretics, in particular, would be expected to exacerbate the hyponatremia and hypovolemia.36 Instead, plasma volume expansion and sodium supplementation should be the goal. This can be achieved using IV normal saline (0.9% NaCl) in patients with mild symptoms and serum sodium >130 mEq/L or hypertonic saline (3% NaCl, 513 mOsm/kg H2O) in severe cases, particularly if the serum sodium is <120 mEq/L.18,23 The primary indication for use of loop diuretics is acute symptomatic pulmonary edema that fails to resolve with spontaneous diuresis. No studies support the routine use of diuretics in TUR syndrome; however, the combination of hypertonic saline and furosemide may be appropriate in severe cases (e.g., seizure, obtundation, or coma) wherein rapid correction of hyponatremia is necessary.37,18 The addition of furosemide (20-40 mg) in this manner accelerates the rise in serum sodium 2-fold over hypertonic saline alone.


Unless the patient is severely symptomatic, correction of hyponatremia should proceed slowly so as to avoid the development of central pontine myelinolysis (CPM). This devastating neurologic complication is usually reported in context of chronic hyponatremia; however, it also may occur following the overly rapid correction of acute hyponatremia. Mildly symptomatic hyponatremia should be corrected at a rate of 1 mEq/L/hr.2 In contrast, patients with severe neurologic symptoms (e.g., seizures, coma) require rapid correction to a serum sodium level of 120 mEq/L over 1 to 2 hours, or until symptoms regress. Beyond this point, correction should proceed slowly (0.5-1 mEq/L/hr). Guidelines for hypertonic saline administration are provided in Table 5-4. Calculation of the sodium deficit may serve to guide replacement. Serum electrolytes (sodium) should be monitored frequently to guide treatment every 1 to 2 hours, initially. Central venous access is necessary for the administration of hypertonic saline because this fluid scleroses peripheral veins.




TABLE 5-4 Management of Acute (<48 Hours) or Symptomatic Hyponatremia


[image: image]














POST-OBSTRUCTIVE DIURESIS


POD refers to the dramatic urine output that may occur following the relief of bilateral ureteral obstruction (BUO) or obstruction of a solitary kidney. The true incidence of POD is not known; however, it does appear to be an uncommon event. Factors necessary for its development include an accumulation of total body water, sodium, and urea or an impairment of tubular reabsorptive capabilities. Most cases of POD involve chronic urinary obstruction; however, significant changes in glomerular and tubular function are evident within 24 hours of complete ureteral obstruction.38 Although ipsilateral renal function is compromised in all cases of ureteral obstruction, clinically significant POD is uncommon in patients with a normal contralateral kidney. This reflects the continued maintenance of fluid and electrolyte homeostasis by the contralateral kidney. For the purpose of this review, only the pathophysiology of BUO (or obstruction of a solitary kidney) as it pertains to obstructive uropathy and POD is discussed.






Etiology


Urinary obstruction may be anatomic or functional (e.g., neurogenic bladder) in etiology and intrinsic or extrinsic in location. A multitude of etiologies exist, the most common of which include benign prostatic hyperplasia (BPH) or prostate cancer in males and cervical cancer or pregnancy in females. Although nephrolithiasis is a relatively frequent cause of acute obstruction, most cases of POD involve chronic and progressive urinary obstruction as may occur with bladder outlet obstruction (e.g., BPH) or extrinsic bilateral ureteral obstruction (e.g., cervical cancer).









Pathophysiology of Obstructive Nephropathy


Obstructive nephropathy refers to the functional and pathologic damage sustained by the renal parenchyma during urinary obstruction. The severity and consequences thereof depend on the degree and duration of obstruction as well as the presence or absence of an unobstructed contralateral kidney. Our present understanding of the involved pathophysiology comes mainly from animal models of complete unilateral or bilateral ureteral obstruction for 24 hours or more.


Upon the initiation of complete obstruction, profound changes in renal hemodynamics and glomerular filtration take place. In the case of BUO, such changes follow a biphasic pattern.38 Within the first 2 hours of obstruction, GFR begins to fall as a consequence of elevated tubular hydraulic pressure (PT). Beyond this period, PT continues to rise and, more importantly, renal blood flow (RBF) falls dramatically as a result of intense efferent arteriolar vasoconstriction caused by angiotensin II, thromboxane A2, and neural input.39 Intrarenal blood flow is also preferentially directed toward the outer cortex in BUO, leaving many glomeruli nonperfused.


The end result is a profound reduction in single nephron and whole kidney GFR by 24 hours. Animal models report ipsilateral GFR at roughly 25% of normal following 1 week of complete unilateral ureteral obstruction.40 Glomerular filtration appears to be better maintained in BUO, likely on the basis of elevated levels of atrial natriuretic peptide (ANP).41 Secreted in response to intravascular volume expansion, ANP improves RBF and GFR through the following means42,43:



1. Afferent arteriolar vasodilation



2. Tubulo-glomerular feedback inhibition



3. Renin-angiotensin system (vasoconstrictive) inhibition



4. Glomerular filtration coefficient (Kf) increase


Along with its direct natriuretic properties, the actions of ANP are thought to contribute to the diuresis, natriuresis, and rapid return to maximal renal function observed following the relief of BUO. Persistent obstruction also exerts deleterious effects on renal tubular function, primarily through the down-regulation of important transporter and co-transporter activity along the entire nephron.44 This impairs the reabsorption of sodium (Na+), potassium (K+), hydrogen (H+), and water which, in turn, dissipates the medullary solute gradient and limits the generation of concentrated urine. Together, glomerular and tubular dysfunction manifest as profound natriuresis and diuresis following the relief of BUO.









Mechanism


POD may involve a water diuresis, a solute diuresis or a combination thereof. In most cases, POD represents an appropriate and self-limited physiologic response to volume and solute overload. On occasion, however, the diuresis may extend inappropriately beyond the euvolemic state, usually as a result of excessive free-water loss caused by collecting duct insensitivity to antidiuretic hormone (i.e., nephrogenic diabetes insipidus). Similar to physiologic POD, this form of diuresis is often self-limited and easily managed. True pathologic POD usually refers to the inappropriate excretion of both water and solute as reflected by a urine osmolality >250 mOsm/kg water (Table 5-5).45 The inability to concentrate urine in pathologic POD stems from the defective generation and maintenance of a medullary solute gradient. Reasons for this include the following45:



1. Decreased reabsorption of sodium chloride in the loop of Henle



2. Decreased reabsorption of urea in the collecting tubule



3. Medullary solute washout caused by increased medullary blood flow



4. Increased tubular flow rate and solute concentration in the distal tubule


TABLE 5-5 Diuresis Subtype Based on Urine and Plasma Osmolalities






	Diuresis

	Uosm (mOsm/kg water)

	Uosm:Posm






	Pure water

	<150

	<0.9






	Solute

	≥250

	>0.9






	Mixed

	≥250

	<0.9







Posm, plasma osmolality; Uosm, urine osmolality.


Adapted from Gulmi FA, Felsen D, Vaughan ED. Management of post-obstructive diuresis. AUA Update Series. 1998;17(23):177-183.









Presentation


The manner of presentation of urinary obstruction depends on the etiology, the time over which it develops, whether it is unilateral or bilateral, and whether it is complete or partial. In the context of chronic BUO, the signs and symptoms are often non-specific. Although most patients with complete obstruction describe anuria or oliguria, some patients with partial obstruction may report polyuria secondary to impaired renal concentrating ability.


Volume expansion is common and may present as weight gain, peripheral edema, or even shortness of breath if CHF is a complicating factor. Patients with long-standing obstruction may present with uremic symptoms including mental status change, tremor, and gastrointestinal (GI) bleeding. Volume expansion or azotemia in the setting of BUO should raise suspicion for possible diuresis following the relief of obstruction. As such, these patients should be monitored and treated accordingly. In clinical practice, a urine output in excess of 200 mL/hr over 12 consecutive hours constitutes POD.45 It is important to note, however, that significant derangement in fluid and electrolyte status can take place during the initial 12 hours and, as such, appropriate investigation and treatment should not be delayed.









Evaluation and Management


Upon presenting with BUO, patients should undergo a thorough baseline evaluation including a complete blood count (CBC) and complete metabolic profile. Elevations in serum blood urea nitrogen (BUN) and creatinine may be identified as well as hyperkalemia and metabolic acidosis which require correction. The development of a brisk diuresis (>200 mL/hr) following the relief of obstruction constitutes POD and warrants appropriate monitoring, investigation and treatment.


Most cases represent physiologic POD and, as such, the diuresis is allowed to proceed until the euvolemic state is reached as determined by clinical parameters such as orthostatic vital signs, breath sounds, jugular venous distention, and peripheral edema. During this time, serum electrolytes should be evaluated every 6 to 12 hours because electrolyte imbalance, particularly hypokalemia and hypomagnesemia, may develop.46


If the diuresis persists beyond the euvolemic state, a pathologic concentrating defect or salt wasting nephropathy should be suspected. In this case, urinary diagnostic indices are useful to determine the type of diuresis (water versus solute versus mixed) and to guide fluid replacement (see Table 5-5). With excessive free water loss, plasma osmolality will rise while urine osmolality remains inappropriately low (<150 mOsm/kg water).


Most patients with an intact thirst mechanism and free access to water can compensate for this defect. Patients in whom oral replacement is not an option because of mental status, nil per os (NPO) status, or limited access to water require IV supplementation with hypotonic saline solutions (0.45% NaCl).


Most recommendations call for the replacement of half the urine output at 2 hourly intervals so as to not perpetuate the diuresis. However, animal models suggest that maintenance of a volume expanded state may improve ultimate renal recovery.47 This has led some centers to replace the entire urine output until renal function plateaus. Contraindications to excessive hydration include CHF and hypertensive crisis. Fluid replacement may be withheld in these cases until such time that the heart failure or hypertension resolves with diuresis and appropriate medical management.


Pathologic POD secondary to salt-wasting nephropathy is a rare, yet potentially life-threatening, event. Dehydration and electrolyte imbalance (Na+, K+, magnesium [Mg2+]) are common as the persistent natriuresis promotes the loss of water, potassium and magnesium. Urine osmolality (≥250 mOsm/kg water) is often slightly higher than that of plasma. These patients warrant careful hemodynamic monitoring, possibly including CVP, as well as frequent monitoring of both serum and urine electrolytes.


Sodium and volume replacement is accomplished using normal saline (0.9% NaCl) supplemented on occasion with hypertonic saline (3% NaCl) if the sodium deficit is profound. Serum and urine electrolytes serve as a guide in this regard. Volume replacement should match urine output in a 1 : 1 fashion until vital signs and renal function stabilize. Hypokalemia and hypomagnesemia are common and require correction. Hyperkalemia and acidosis also may occur, particularly in the event of profound dehydration and consequent worsening of renal function.












METABOLIC COMPLICATIONS OF URINARY DIVERSION


Metabolic complications are common to all forms of bowel urinary diversion as a result of continued solute transport by the interposed segment. These include electrolyte and acid-base abnormalities, altered sensorium, drug toxicity, osteomalacia, urinary calculi, and GI malabsorption syndromes. Factors which influence the type and severity of such complications include the following48:



1. Segment of bowel used



2. Surface area (length of bowel)



3. Contact time with urine



4. Urine composition (solutes, pH)



5. Renal function


These factors are particularly important with regard to the development of electrolyte and acid-base disturbance, the focus of this discussion.






Gastrointestinal Transport of Water and Electrolytes


A basic understanding of GI transport facilitates the management of potential complications. The primary functions of the GI tract are digestion, absorption of water and nutrients, and excretion of solid waste. Most water and electrolyte transport occurs through the paracellular and transcellular pathways, respectively.48


An Na+/K+ ATPase located on the baso-lateral membrane drives the transport of water and solute across the intestinal mucosa by generating an electrochemical gradient. This gradient favors the absorption of sodium through luminal Na+/H+ exchange or non-coupled Na+ channels. Variable expression of luminal transport proteins helps to explain differences in the type, incidence, and severity of electrolyte abnormalities amongst the different bowel segments used for urinary reconstruction. For example, the jejunum has very loose intracellular junctions, allowing for the rapid movement of fluid and electrolytes through paracellular pathways. It also lacks an Na+/H+ antiporter but has a Cl−/HCO3− antiporter, which allows for movement of bicarbonate and chloride.


Sodium rapidly follows the existing concentration gradient such as that between plasma (140 mEq/L) and urine (20-40 mEq/L). The frequent association of hyponatremia and hypovolemia with jejunal conduits reflects this fact. Chloride absorption is linked to bicarbonate secretion throughout the small bowel and colon.48 Bicarbonate, generated by intracellular carbonic anhydrase, is secreted in a 1:1 ratio for chloride. In contrast, gastric parietal cells generate bicarbonate for systemic absorption in the process of acid (H+) secretion in exchange for potassium. The ileum and colon have less permeable intracellular junctions and can exchange both Na+/H+ and Cl−/HCO3−.49-51 For the most part, the intestinal transport of potassium is passive as dictated by the electrochemical gradient and movement of water. The luminal concentration of potassium is an important determinant of net potassium secretion or absorption.52


The majority of water transport and a minority of solute transport occurs paracellularly. GI osmotic permeability, as determined by mucosal tight junctions, decreases caudally such that the permeability of proximal small bowel is four to six times that of the distal ileum and colon.53 The heightened permeability of jejunum to both solute and water explains the frequent association of electrolyte abnormalities with use of this segment.









Stomach


The interposition of gastric mucosa in the urinary tract has been performed more commonly in pediatric patients than in adults. Purported advantages to the use of stomach include the prevention of short gut syndrome, less mucus production, a relative reduction in the risk of electrolyte or acid-base disturbance, recurrent infection, and urolithiasis.54 The most frequent electrolyte abnormality is a hypochloremic hypokalemic metabolic alkalosis, which occurs as a result of hydrogen, chloride, and potassium secretion and bicarbonate generation/systemic absorption (Table 5-6).55




TABLE 5-6 Metabolic Abnormalities of Urinary Diversion


[image: image]




Patients are also at risk for dehydration secondary to the loss of water through the gastric mucosa. Rarely does this metabolic abnormality achieve clinical significance except in cases of severe renal dysfunction or acute dehydration. Although patients with normal renal function are able to minimize the development of alkalosis through an increase in renal bicarbonate excretion, those with renal insufficiency cannot.


Hypergastrinemia also may be important.55,56 Secreted by gastrin cells in response to distention (among other stimuli), gastrin stimulates proton secretion by parietal cells through activation of the luminal H+/K+ ATPase. This mechanism becomes clinically relevant in cases of gastrocystoplasty wherein bladder distention caused by chronic outlet obstruction may stimulate the secretion of gastrin and precipitate this syndrome.


Symptomatic patients may present with lethargy, weakness, altered mental status, seizures, respiratory depression, and cardiac dysrhythmia.57 Treatment begins with rehydration using IV normal saline (0.9% NaCl) and correction of hypokalemia as outlined in Table 5-6.55 Long-term supplementation with oral salt or potassium chloride also may be of benefit.56 Patients with persistent mild metabolic alkalosis warrant treatment with histamine-2 (H2) receptor antagonists, which competitively inhibit histamine-mediated gastric acid secretion. Proton pump inhibitors, which directly inhibit the gastric H+/K+ ATPase, are useful in cases refractory to H2 blockade.48,55









Jejunum


Of all bowel segments used for urinary reconstruction, electrolyte abnormalities occur most commonly with the use of jejunum.55 As a result, this segment is only used when ileum or colon are either unavailable or inadvisable. The typical metabolic changes that occur when jejunum is used include hyponatremia, hypochloremia, hyperkalemia, volume contraction, and metabolic acidosis, all of which reflect the propensity of jejunum for sodium and chloride secretion and potassium and hydrogen ion absorption (see Table 5-6).58 Significant dehydration is common because the osmotic gradient generated by sodium secretion results in the net loss of water. Hypovolemia stimulates the secretion of aldosterone which, in turn, stimulates renal sodium reabsorption and potassium secretion.59 This produces a urine low in sodium and high in potassium. When exposed to such urine, jejunum loses sodium and absorbs potassium as driven by the electrochemical gradient. This further perpetuates the metabolic disturbance. At least 25% or more of patients may develop metabolic changes, although only 4% are severe if short segments are used.60-62 The incidence and severity of this syndrome also appears to be less if distal rather than proximal jejunum is used.


In severe cases, patients may present with lethargy, nausea, vomiting, dehydration, and weakness. Treatment involves rehydration with IV normal saline and correction of metabolic acidosis using sodium bicarbonate (NaHCO3). In the acute setting, standard management of hyperkalemia includes the use of insulin or glucose infusion, bicarbonate infusion, and orally or rectally administered potassium-binding resins such as sodium polystyrene sulfonate (Kayexalate). In the normovolemic state, most patients are able to excrete excess potassium if renal function is normal. If this is not the case, thiazide diuretics may be used to augment the renal excretion of potassium in the long-term.63 Likewise, vigilant oral hydration and sodium chloride supplementation are recommended as prophylactic strategies.









Ileum and Colon


Ileum and colon, the bowel segments used most commonly in urinary diversion, possess similar transport properties. When exposed to urine in which the concentration of potassium and hydrogen is typically higher and the concentration of sodium is lower than intestinal contents, these segments secrete sodium and bicarbonate and absorb hydrogen, chloride, and ammonium.


Ammonia, generated by the kidneys, buffers free urinary hydrogen ions through the formation of ammonium. Ammonium, in turn, competes with sodium for absorption through the intestinal Na+/H+ antiporter, whereas bicarbonate is excreted in exchange for chloride absorption.55,64 The net result is a hyperchloremic metabolic acidosis.65 It appears that the absorption of ammonium chloride accounts for the majority of the acid load.64


Hypokalemia and total-body potassium depletion also may occur. Most commonly, this reflects intracellular potassium depletion secondary to chronic metabolic acidosis in combination with renal potassium wasting and intestinal potassium secretion.55,66 Hypokalemia is less common with ileal versus colonic diversions because ileum demonstrates a higher capacity for potassium absorption than does colon.67


Hyperchloremic metabolic acidosis is not uncommon following urinary reconstruction with ileum or colon (see Table 5-6).65,68 In most cases, however, the metabolic disturbance is quite mild because of renal and hepatic compensation. Metabolic acidosis is minimized through an increase in acid excretion by the kidneys, whereas the toxic effects of hyperammonemia are avoided through the hepatic metabolism of ammonium to urea.48 As discussed, the incidence and severity of metabolic disturbance depends on numerous factors including length of bowel segment (surface area), contact time with urine, and renal function. Commensurate with these risk factors, the incidence of hyperchloremic metabolic acidosis is higher with continent diversions (50%) than with conduit diversions (10%-15%) using ileum or colon.69-70 This highlights the importance of normal renal and hepatic function at baseline in patients considered for continent urinary diversion. Basic requirements for continent diversion include a serum creatinine <2.0 mg/dL and a normal urine protein concentration. Patients with a GFR >35 mL/min and minimal urine protein who are able to generate a urine pH <5.8 following ammonium chloride loading and urine osmolality >600 mOsm/kg following water deprivation also may be suitable candidates.60 Otherwise, conduit urinary diversion is more appropriate.


Patients with significant hyperchloremic metabolic acidosis may present with fatigue, weight loss, anorexia, and polydipsia. Laboratory studies reveal a significant nonanion gap metabolic acidosis with hyperchloremia and azotemia. It is estimated that up to 10% of patients with conduit diversion and a higher proportion with continent diversion require treatment for chronic acidosis.60,71 Treatment involves alkalinization and simultaneous potassium replacement. Correction of acidosis without adequate potassium repletion may precipitate or worsen hypokalemia as potassium is driven into the intracellular space. Sodium bicarbonate is used most commonly for alkalinization; however, sodium citrate plus citric acid (Bicitra) and potassium citrate are suitable alternatives. Unless potassium supplementation is contraindicated, potassium citrate may be more appropriate in patients with CHF or renal insufficiency in whom an excessive sodium load may be poorly tolerated. Patients generally require 1 to 2 mEq/kg of alkali supplementation per day to neutralize the acid load.60


Specific management considerations in patients with a continent urinary diversion include the establishment of prompt drainage (i.e., indwelling catheter) as well as empiric antibiotic therapy if urinary tract infection (UTI) is suspected. Urinary obstruction perpetuates the transport of water and solute across the bowel segment, whereas systemic infection has been known to precipitate ammoniagenic encephalopathy through bacterial endotoxin-induced hepatic dysfunction.72









Altered Sensorium


Among patients with urinary diversion or reconstruction, an altered sensorium may develop secondary to magnesium deficiency, drug toxicity, or ammoniagenic encephalopathy. Hypomagnesemia, although uncommon, reflects GI malabsorption or renal magnesium wasting caused by chronic acidosis.73 Drug intoxication may develop whenever a particular medication or its active metabolite is excreted unchanged by the kidneys and then absorbed systemically by interposed bowel. This may occur with such drugs as phenytoin or methotrexate among others.74 Although chemotherapy (including methotrexate) has been found to be equally safe among patients with continent and incontinent diversions, it seems prudent to catheterize continent patients during therapy.75


Excreted by the kidneys, ammonium is absorbed by the intestinal segment and transported to the liver via the portal circulation. Ammonium (or ammonia) is metabolized by the liver into urea, which is then excreted by the kidneys. Under normal conditions, hepatic metabolism is able to adapt to the increased delivery of portal ammonia such that systemic levels remain unchanged. In the setting of liver dysfunction, however, serum ammonia may accumulate to toxic proportions.


Ammoniagenic encephalopathy is a rare complication of bowel urinary diversion. Although this syndrome develops most commonly in patients with liver dysfunction, case reports also exist among patients with normal hepatic function.76 Often, such cases involve systemic bacterial infection or UTI with urea-splitting organisms. Systemic infection may induce transient hepatic dysfunction secondary to the proliferation of bacterial endotoxin.77 Alternately, urea-splitting bacteria may generate ammonia through the enzymatic action of urease on urea.55,76 In both cases, the absorbed ammonia load may overwhelm hepatic metabolism and precipitate encephalopathy.


Depending upon the degree of hyperammonemia and the time course over which it develops, symptoms of encephalopathy vary from mild changes in mental state to deep coma. Evaluation includes an assessment of liver function as well as a thorough search for possible systemic or UTI. In patients with continent urinary diversion, obstruction should be ruled out because urinary stasis may augment the absorption of urinary ammonium. Acute management includes prompt urinary drainage by way of Foley catheter and empiric systemic antibiotics tailored toward urea-splitting bacteria.55 Dietary protein restriction, neomycin (oral), and lactulose (oral or rectal), which reduce the production or absorption of ammonia in the GI tract, also are appropriate.78
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KEY POINTS






1. Urologic diagnostic and therapeutic procedures can often induce SSIs, UTIs, and sepsis; most procedures need to be covered with prophylactic antibiotics. If there is an active infection or any infectious source (e.g., Foley catheter) preoperatively, it should be diagnosed (urinalysis, C&S) and specifically treated before surgery. Choice of antibiotics is hospital-specific and the most active antibiotics reserved for therapy.



2. The ASA classification system is a useful tool for perioperative risk stratification in conjunction with a specific surgery. Choice of anesthesia must be tailored to the specific patient (e.g., age, comorbidities), the specific procedure (e.g., potential complications, surgical site, length and difficulty of surgery, patient positioning), and the skills of both the anesthesiologist and the surgeon. Deciding which anesthesia technique to use is a complex byproduct of thorough preoperative assessment and good communication between anesthesiologist and urologist.



3. Adverse pulmonary events are the cause of most anesthetic complications under general anesthesia. Inadequate ventilation, esophageal intubation, and difficult tracheal intubation are responsible for most of these injuries. Less common but equally important mechanisms of adverse respiratory-related events include airway obstruction, bronchospasm, aspiration, airway trauma, and pneumothorax. Proper airway management is essential in order to avoid most of these complications.



4. In the right hands, when there are no contraindications, regional anesthesia (spinal, epidural, CSE) is a good choice for most urologic surgeries. It ensures good surgical analgesia; fast, alert, comfortable recovery; and excellent postoperative pain relief (8-12 hours) when meperidine spinal anesthesia is used.



5. Complications of regional anesthesia include hypotension, PDPH, CES/TNS, total spinal through inadvertent subarachnoid injection, and systemic local anesthetic toxicity through inadvertent intravascular injection. Although these complications are rare, awareness of them must be maintained and proper patient monitoring and safeguards used.



6. Two of the most common debilitating conditions in the recovery room are pain and PONV, and both conditions are largely preventable. The use of regional anesthesia, nerve blocks, and meperidine spinal anesthesia can prevent or minimize pain while providing stress-free anesthesia. PONV largely can be prevented by avoiding inhalational anesthetics, n2o, and unnecessary intraoperative sedatives. Using antiemetics early, along with propofol TIVA, further reduces the incidence and severity of PONV.



7. Pudendal and penile nerve blocks are minimally invasive and easy to perform. They are good primary or adjuvant methods for surgical analgesia and postoperative pain relief. These blocks are especially safe and useful in the old and sick ASA III/IV patients because these blocks eliminate the risks and complications caused by general and regional anesthesia while providing a stressless operative and postoperative course (pain-free, no PONV, clear postoperative mentation).



8. The urologist and anesthesiologist must discuss and plan postoperative pain management before surgery. The ideal anesthesia technique simultaneously provides adequate stress-free anesthesia for the urologic procedure and prolonged postoperative pain relief in the PACU. Currently, this ideal is best accomplished through the judicious use of nerve blocks and meperidine spinal anesthesia in association with propofol TIVA.



9. TUR syndrome is a complex dangerous condition that may occur in any type of surgery using glycine as irrigant solution. TUR syndrome may occur during surgery, but most develop postoperatively, especially the severe forms. The most important risk factors are surgery >1 hour and use of glycine.



10. A wide array of urology cases are being performed laparoscopically. Intimate knowledge of co2 insufflation pathophysiology is essential. Intraoperative complications such as SC emphysema, pneumopericardium, pneumomediastinum, pneumothorax, and co2 gas embolism must be understood, anticipated, and avoided. Although general anesthesia is used for most laparoscopies, regional anesthesia is feasible and greatly underutilized in the United States.





Urologists gain significantly from understanding different anesthesia techniques, their risks, their benefits, and their complications. Thorough knowledge of the patient’s preexisting medical, surgical, and psychological condition is essential to design a judicious surgical and anesthesia plan. Together, the urologist and anesthesiologist can pursue an integrated strategy to produce the safest patient outcome.


This chapter details the choice of anesthetic technique for specific urologic surgeries, and discusses the major types of anesthesia (i.e., general, regional, and nerve blocks) used in urology with their respective risks and complications. Additionally, the chapter includes sections covering postoperative pain management and the special anesthetic management complications of transurethral resection (TUR) syndrome and urologic laparoscopy.






SAFETY OF ANESTHESIA


Anesthesia safety has been steadily improving for the past several decades. Over the past 20 years, incidence of anesthetic mortality, in which anesthesia was the primary cause of death, ranged between 1 in 2500 and 1 in 220,000. This shows a tremendous improvement over anesthetic mortality 30 to 50 years ago, at which time the anesthetic mortality rate was between 1 in 852 and 1 in 14,075.1 The reasons for this improvement include better intraoperative monitoring, more targeted preoperative testing, improved institutional practices, and more awareness and knowledge of potential surgical and anesthesia complications. Today, anesthetic techniques are safer than they have ever been.









PREOPERATIVE ASSESSMENT


In anesthesia for urological surgery, the best choice of anesthetic technique requires a thorough preoperative evaluation of the patient. This minimally includes a detailed assessment of cardiac risks, pulmonary risks and airway, infectious complication risks, and anticoagulation risks. All this data, along with the American Society of Anesthesiologists (ASA) anesthesia risk classification and an understanding of procedure-specific surgical and anesthetic risks, influence the choice of anesthesia technique.






Preanesthetic Evaluation


A preanesthesia evaluation involves assessment of information from multiple sources, including patient’s history and physical examination, previous medical records, and findings from preoperative tests. According to the ASA practice advisory for preanesthesia evaluation,2 the patient’s history and physical condition should dictate what kind of preoperative testing is appropriate, and routine preoperative testing should be avoided. A presurgical testing unit (PST) is very useful in determining what selective preoperative tests should be obtained. Each hospital should have its own experience-based decision-making parameters for the timing, quality, and quantity of the specific preoperative tests required for each given procedure. It is beyond the scope of this chapter to greatly detail all required preoperative testing regimens for urologic surgery.


At a minimum, however, complete blood cell count (CBC), basic metabolic, blood urea nitrogen (BUN)/creatinine, and urinalysis are obtained. If urinalysis is positive, a culture and sensitivity (C&S) test is obtained and patients placed preoperatively on the culture-specific antibiotic in order to sterilize the urinary tract to prevent bacteremia and possibly urosepsis during surgery.


The patient’s preexisting cardiac and pulmonary conditions are the two most common risks for anesthetic morbidity and mortality.









Cardiac Risks


The cardiovascular complication of utmost concern is perioperative acute myocardial infarction (MI). Heart failure, arrhythmias, hypertensive crisis and thromboembolism (e.g., pulmonary embolism [PE], stroke) are also major perioperative risks. The initial history and physical examination, along with electrocardiogram (ECG), will identify potentially serious cardiac disorders.


Risk factors for coronary artery disease can be classified as follows3,4:



1. Major risk factors: Smoking, high blood pressure (BP), high low-density lipoprotein (LDL) cholesterol, low high-density lipoprotein (HDL) cholesterol, advanced age, and diabetes



2. Predisposing risk factors: Obesity, physical inactivity, family history, ethnic factors, and psychosocial factors



3. Conditional risk factors: high triglycerides, high homocysteine, high lipoproteins, and inflammatory markers such as C-reactive proteins


Clinical predictors for increased risk of perioperative MI, heart failure, and death can be classified into three categories3:



1. Major predictors: Unstable coronary syndromes such as MI within a week or unstable angina, decompensated heart failure, significant arrhythmias of various kinds, and severe valvular disease



2. Intermediate predictors: Stable angina, previous MI, congestive heart failure (CHF), renal insufficiency, diabetes



3. Minor predictors: Advanced age, abnormal ECG, atrial fibrillation, low physical functional capacity, history of stroke, uncontrolled hypertension


The type and anatomic location of the proposed surgery greatly affects cardiac risk. High cardiac risk (>5%) surgeries include major emergency operations in the elderly, aortic and major vascular surgeries, and extensive operations with large fluid shifts. Intermediate risk (1%-5%) surgeries include intraperitoneal, intrathoracic, carotid, head and neck, orthopedic, and prostate procedures. Low cardiac risk (<1%) surgeries include endoscopic, superficial biopsy, eye, and breast procedures.4


Optimization of the associated cardiac and other comorbidities should be done preoperatively. Perioperative β-blockers are used to prevent perioperative hypertension and atrial fibrillation and are recommended in coronary artery disease, heart failure, insulin-dependent diabetes, and high-risk surgeries.









Pulmonary Risks and Airway


A focused pulmonary history inquires about symptoms such as shortness of breath, cough, productive sputum, and wheezing, and about smoking history. Auscultation of the lungs is mandatory before anesthesia administration. These factors dictate what further tests (e.g., chest radiograph, arterial blood gas, pulmonary function test) need to be performed or if consultation with a pulmonary specialist is necessary. A preoperative pulmonary function test showing diffusion defects <80% of predicted and forced expiratory volume in the first second of expiration (FEV1) <70% of predicted will identify patients at risk for pulmonary complications.5


Of special interest to the anesthesiologist is the patient’s airway examination. An ASA closed claims study reveals that most adverse outcomes related to anesthesia involve respiratory problems, most commonly hypoventilation, airway obstruction, and difficult intubation.6 Additionally, it is important to look for the patient’s ability to flex and extend the neck, range of mouth opening, presence or absence of dentition, thyromental distance, presence of a large tongue, body mass index, and neck circumference.


In extreme cases, videoscope or fiberoptic intubation might be required. If that fails, the surgical technique might need to be modified to accommodate regional anesthesia (i.e., no intubation).









Risk of Anticoagulation


Patients taking oral anticoagulant therapy for medical conditions such as chronic atrial fibrillation, recurrent venous thromboembolism, or prosthetic heart valves, and those patients with medical problems predisposing to thromboembolism, are at increased risk for intraoperative bleeding and spinal cord hematomas following spinal or epidural anesthesia.


Ideally, warfarin is discontinued 4 to 5 days preoperatively, allowing the prothrombin time to correct itself (preoperative retesting is mandatory). An international normalized ratio (INR) of <1.4 is required for surgery under general and regional anesthesia. Oral vitamin K (5-10 mg dose) reverses the therapeutic effect of oral anticoagulation within 12 to 48 hours. Fresh frozen plasma can be used for the same purpose in emergency surgery.


Patients at very high risk of thromboembolic events may be hospitalized before surgery and a replacement therapy with heparin initiated. Heparin should be discontinued 3 to 4 hours preoperatively. Where low molecular weight heparin (LMWH) is used as a preoperative regimen, it should be discontinued 12 to 14 hours preoperatively. In high risk patients with chronic or recurring thromboembolism or recent or recurring PE, or in whom bleeding would be catastrophic postoperatively, the preoperative insertion of a vena caval filter (e.g., Greenfield filter) should be entertained.


Platelet inhibitors, such as aspirin (acetylsalicylic acid) and ticlopidine hydrochloride (Ticlid) remain effective for the entire life cycle of the platelets (8 days). They should be discontinued 8 days before surgery, except in patients with recently (<1 year) inserted drug-eluting cardiac stents, in whom early discontinuation of antiplatelet medication can lead to stent thrombosis and is associated with a 20% to 45% chance of death. For these patients, a cardiologist-driven special preoperative “bridging” protocol is recommended.7,8


Dipyridamole (Persantine) and pentoxifylline (Trental) are not considered anticoagulants and can be continued before surgery without affecting bleeding.9


See “Spinal Hematoma” section for a discussion of the impact of anticoagulant timing on the insertion and removal of the spinal needle and epidural catheter.









Infectious Complications: Antibiotic Prophylaxis in Urology


Urologic diagnostic and therapeutic procedures can often induce severe deep surgical site infections (SSIs), complex urinary tract infections (UTIs), pyelonephritis, and sepsis. This is of great concern to the anesthesiologist because it is known that urosepsis can occur a few minutes after manipulating the infected urinary tract, thus placing the patient in a life-threatening situation. Regional anesthesia should be avoided in contaminated and dirty or infected procedures in order to prevent dissemination of the infection into the patient’s nervous system.


Specific antibiotic prophylaxis is required for the patient with mitral valve prolapse or other valvular disorders and any type of preexisting surgical implant (e.g., prosthetic heart valve, coronary stent, metal screws and plates, penile prosthesis, pacemaker, automatic implantable cardioverter defibrillator [AICD] device, cosmetic implant), at least 1 hour preoperatively.


Choice of antibiotics is a hospital-specific matter, based on regional experience (local ecology and infectious disease strategy).









Anesthesia Risk: The American Society of Anesthesiologists Physical Status Classification System


Once all the preoperative information is evaluated, the anesthesiologist assigns an ASA score. The score is intended to create a uniform system of describing the patient’s preoperative physical condition. ASA classification is important because studies have demonstrated that with increasing ASA class, there is increased incidence of adverse events and adverse outcomes.10


The modern classification system consists of the following six physical status categories:



ASA I: Normal healthy patient



ASA II: Patient with one mild systemic disease



ASA III: Patient with two severe systemic diseases



ASA IV: Patient with several systemic diseases, at least one life threatening



ASA V: Moribund patient who is not expected to survive without the operation



ASA VI: Declared brain-dead patient who will become an organ donor









Choice of Anesthesia Technique in Urologic Surgery


Adult patients requiring anesthesia for renal and genitourinary surgery are often very old, and they may have a host of comorbidities, which pose serious problems before, during, and after surgery and anesthesia. The choice of anesthetic technique depends on a myriad of factors, including patient’s preexisting conditions; type, site, and length of surgery to be performed; skill of the urologist and anesthesiologist and their intimate knowledge of potential surgical and anesthetic complications; and predictability and limitations of the surgical and anesthesia procedures. Based on all of these factors, the ultimate decision of anesthesia method needs to be the product of a well-informed discussion between the surgeon and the anesthesiologist.






Patient-Specific Risk Stratification


The modern ASA classification system, in conjunction with the full preoperative workup data of the patient, provides a degree of perioperative risk stratification that is very useful in choosing the optimal anesthetic technique for a given patient undergoing a particular surgery.


ASA I patients who are young, healthy, normal patients with good exercise tolerance and no organic physiologic or psychiatric disturbance may have general anesthesia, regional anesthesia, nerve blocks, or clinical sedation for their procedure. Any obvious difficulty with general anesthesia (e.g., difficult airway, full stomach, allergies to anesthetics, hyperreactive airway) will necessitate modifications in the general anesthesia technique (e.g., fiberoptic intubation, fast sequence induction and endotracheal intubation, avoidance of certain drugs, modification or deepening of induction). General anesthesia will be used in cases in which patient stillness during the procedure is essential, for example brachytherapy, renal and upper ureteral stone lithotripsy, and most laparoscopic and robotic surgeries.


ASA II patients with mild systemic disease who have no functional limitations and have a well-controlled one body system disease (e.g., diabetes, hypertension, smoking without chronic obstructive pulmonary disease [COPD]) can tolerate general anesthesia as well as regional anesthesia or nerve blocks. The one system disease must be stabilized under full medical control. If the patient presents with full stomach or hyperreactive airway, regional anesthesia or nerve blocks might provide extra safety for the patient and ease postoperative recovery.


ASA III patients have severe systemic disease, involving more than one major body system. They are in no immediate danger of death, but they have some functional limitations (e.g., stable angina, CHF, old heart attack, poorly controlled hypertension and diabetes, morbid obesity, chronic renal failure). With the advent of modern monitoring and mandatory use of pulse oximetry and end tidal carbon dioxide monitoring (etco2), contemporary general anesthesia has greatly improved. Most recent clinical studies comparing general with regional anesthesia show no substantial difference in outcomes. However, when using general anesthesia in this patient population, utmost care must be exercised in maintaining steady normal vital signs throughout the case (e.g., use etomidate for induction, use cardiovascular support, if needed, and maintain normal blood volume). If there are no contraindications, regional anesthesia or nerve blocks with their pulmonary and cardiovascular sparing effect, along with the prolonged postoperative analgesia they provide, are our favorite modalities for predictable, stable, safe, and comfortable outcomes in this patient group.


ASA IV patients have multiple system disease, where one or more disease may present a constant threat to life. These diseases may be poorly controlled or at their end stage (e.g., unstable angina, symptomatic COPD, symptomatic CHF, hepatorenal failure). Preoperatively, these patients require time and specialist support to maximally control their unstable diseases. Intraoperatively, heavy monitoring (e.g., A-line, central venous pressure [CVP], Swan-Ganz catheter, cardiac output) and pharmacologic cardiovascular and pulmonary support are needed. In this patient group, general anesthesia poses high risk. For urologic procedures, regional anesthesia in skilled hands, using minidoses of local anesthetic, ensures minimum respiratory and cardiovascular risk, as well as less eventful, stable, and comfortable recovery. Importantly, using only minimum sedation with the regional block, the mental status of these sicker, older patients will remain unimpaired throughout the case and during the recovery period.









Procedure-specific Indications


Because most urologic procedures are performed in an anatomic area primarily innervated by thoracolumbar and sacral nerve supply, these procedures are excellent candidates for regional anesthesia and nerve blocks. The great versatility of regional anesthesia relies on the fact that, if skillfully done, it can greatly preserve pulmonary and cardiovascular functions in all patients. This gives maximum benefit to older patients or those with severe comorbidities. Major contraindications for regional anesthesia are patient refusal, skin infection, sepsis, cardiac outflow tract obstruction (aortic stenosis, idiopathic hypertrophic subaortic stenosis [IHSS]), serious previous neurologic deficiencies, anticoagulation, shock, hypotension, or allergies to local anesthetics.


In some urologic procedures patient awareness is an advantage, as in transurethral resection of the prostate (TURP) in which the patient can voice any discomfort and early symptomatology (see “Transurethral Resection Syndrome,” later). In other procedures, slight sedation or a total intravenous (IV) anesthesia (TIVA) helps the patient accept the operative surroundings (operating room [OR] noises, uncomfortable positioning) and length of procedure (e.g., long perineal reconstructive procedures done under combined spinal or epidural block, radical prostatectomy under regional block, penile prosthesis insertion, artificial urinary sphincter insertion, complex female incontinence surgery, endourethral procedures, longer procedures done under pudendal or penile block).


TIVA is always used successfully for physical and emotional comfort before pudendal blocks and penile blocks. Patients are unaware of the block and after the procedure, they wake up comfortable and enjoy a prolonged postoperative analgesia. A propofol-based TIVA predictably prevents postoperative nausea and vomiting (PONV) in most patients, including those with a history of PONV. See “Propofol Total Intravenous Anesthesia for Postoperative Nausea and Vomiting,” later.















INTRAOPERATIVE ANESTHESIA MANAGEMENT


Anesthesia for urologic surgery includes general anesthesia, regional anesthesia, and specific nerve blocks. Each technique has its own specific complications.






General Anesthesia


Adverse pulmonary events are the cause of most anesthetic complications that occur under general anesthesia. In Caplan’s study of the ASA closed claims database, adverse respiratory events accounted for 34% of all adverse events, with death or brain damage occurring in 85% of those patients.6 Three mechanisms accounted for 75% of these injuries: inadequate ventilation, esophageal intubation, and difficult tracheal intubation.


Less common but equally important mechanisms of adverse respiratory-related events included airway obstruction, bronchospasm, aspiration, airway trauma, and pneumothorax.11 Proper airway management is essential in avoiding most of these pulmonary event–related anesthetic complications. Other specific complications occurring during general anesthesia administered for urologic procedures also will be mentioned.






Difficult Airway


When the anesthesiologist has difficulty ventilating or intubating the patient, the airway is defined as difficult. The ASA has devised a complex algorithm to help manage the difficult airway. Preoperatively, the most important question is whether or not oxygenation and ventilation can be provided.12 Using a laryngeal mask airway (LMA), videoscope or fiberoptic intubation can help solve this problem. Alternatively, using regional anesthesia will circumvent these difficulties. In extreme cases, surgical technique might need to be adapted to the modified anesthesia choice.









Bronchospasm and Hyperreactive Airway


Patients with bronchial asthma or with a history of it, COPD, smokers, patients with atopies (e.g., eczema), or those with recent upper respiratory infections (within 4-6 weeks) will present either with a hyperreactive airway or with an overt asthmatic condition. Their usual medications, such as β2-agonists (e.g., albuterol) and anticholinergics (e.g., ipratropium), should be used preoperatively. Most importantly, an adequate depth of anesthesia should be achieved before manipulating the airway with endotracheal intubation or before patient positioning and any surgical manipulation. The same principle applies when extubating these patients. In this patient population, regional anesthesia techniques are preferable, whenever feasible.









Aspiration


Aspiration pneumonitis due to aspiration of gastrointestinal (GI) contents is associated with a significant degree of morbidity and mortality, especially in patients in ASA class III and above. Many risk factors exist for aspiration, including full stomach, gastroesophageal reflux disease (GERD), hiatal hernia, ileus or bowel obstruction, pregnancy, obesity, diabetes, emergency cases, trauma, gastric motility disorders, inadequate general anesthesia, difficult intubation, enteral tube feeding, sepsis, and severe renal failure.


Aspiration occurs because the protective airway reflexes (e.g., gag, cough) are missing or blunted by anesthesia. For prevention, patients should be nil per os (NPO) 4 to 8 hours before surgery, and a host of pharmacologic agents may be used preoperatively to diminish gastric acidity and/or volume (e.g., antacids; proton pump inhibitors such as omeprazole; and histamine-2 receptor antagonists such as cimetidine, famotidine, and ranitidine; or GI stimulants such as metoclopramide). For patients at risk of aspiration pneumonitis, rapid sequence induction and endotracheal intubation should be used in all general anesthesia cases. Alternatively, aspiration of stomach contents can be avoided entirely by using a regional anesthesia technique.









Laryngeal, Pharyngeal, and Esophageal Trauma


In an ASA closed claims analysis, the larynx was the most common site of injury (33%), followed by the pharynx (19%) and the esophagus (18%).6 Most airway injuries are of minor significance and are temporary in nature, although some can result in severe sequelae (e.g., mediastinitis) or even death. Whenever a difficult intubation is encountered or if the patient complains of specific symptoms postoperatively, the surgeon and the anesthesiologist should keep a high index of suspicion for airway injury. These injuries may require further evaluation by an otolaryngologist and further intervention.


Avoiding intubation altogether or using fiberoptic laryngoscopy or LMA will prevent most of these complications. Regional anesthesia is a safe choice.









Airway Obstruction


Airway obstruction occurs with some frequency during anesthesia. Most airway obstructions (89%) occur during general anesthesia, and 70% of these involve the upper airway.11 Causes of upper airway obstruction may include laryngospasm, foreign body, laryngeal polyps, laryngeal edema, pharyngeal hematoma, kinked endotracheal tube (ETT), and kinked breathing circuits. Tracheobronchial obstruction may occur as well, usually secondary to blood or mucous in the lumen or external compression from a mass (e.g., tumor, mediastinal mass, hematoma). Airway obstruction also may occur during monitored anesthesia care (MAC).


Most cases of airway obstruction can be relieved with proper airway management or placement of an LMA or an ETT. Cautious placement of a nasal trumpet can be invaluable in preventing and relieving airway obstruction, especially in MAC cases. Vigilance is the key in preventing airway obstruction—watching the patient’s chest and diaphragmatic movement, looking and feeling for exhaled air, and so on—along with etco2 and airway pressure monitoring.









Pneumothorax


Pneumothorax is a relatively rare complication. Most causes for pneumothorax may be divided into two categories: needle-related or airway management related. Most needle-related pneumothorax cases are due to nerve blocks or central venous catheter placement. Airway management related pneumothorax cases involve airway instrumentation (e.g., laryngoscopy, ETT placement, bronchoscopy) and barotrauma (e.g., ventilator).11


Specific urologic procedures are associated with a higher incidence of pneumothorax. Procedures performed abutting the diaphragm (e.g., nephrectomy, partial nephrectomy, percutaneous nephrolithotomy [PCNL]) and laparoscopic cases run the risk of puncturing the diaphragm and creating a pneumothorax. Pneumothorax should be suspected when there is an increase in the patient’s respiratory rate and peak airway pressure, hypoxemia, hypercarbia, and hemodynamic changes, particularly hypotension and mediastinal shift, as in tension pneumothorax (which is an emergency). Definitive diagnoses can be confirmed with a chest radiograph. Treatment includes needle thoracotomy and chest tube placement along with supportive therapy. Prevention includes avoidance of positive pressure ventilation whenever possible (use manual ventilation instead) and discontinuation of nitrous oxide (n2o).









Hypothermia


Perioperative hypothermia and shivering are risks for all patients, especially for older and sicker patients. A 0.5°C drop in body core temperature stimulates the hypothalamus, which initiates shivering. Abnormally large muscle masses are involved in this exothermic reaction to reestablish lost body heat. Shivering increases oxygen consumption by 100% to 400%, with potential deleterious effects; in that respect, shivering mimics a grand mal seizure.13 The cardiovascular system may be affected with bradycardia, atrial fibrillation, ventricular arrhythmias, and even cardiac arrest.14,15 Patients feel extremely cold and uncomfortable and may experience confusion, delayed awakening, brain infarct, and even brain death.16 The musculoskeletal system will show slowness, rigidity, and cramps, among other effects. Surgical blood loss will be increased.17,18


Several pharmacologic treatments for shivering (e.g., meperidine 25-50 mg IV or chlorpromazine 2-5 mg IV) work within a few minutes, and as soon as shivering stops, patients suddenly feel comfortable and warm.19 Treatment for hypothermia includes body warming and fluid warming. Fast rewarming is dangerous because it rapidly increases oxygen consumption, on a temporary basis (100%-200%).


Best prevention for hypothermia includes using a fluid warmer (for all IVs), a body warmer (e.g., Bair Hugger) for all cases, warm irrigation fluids, warm ORs, and shorter surgical procedures. Also, epidural or spinal use of narcotics for anesthesia counteract a tendency to shiver.


Tetraplegic and paraplegic patients are at highest risk for prolonged hypothermia. They must be warmed throughout the entire surgery and through postoperative care. They cannot shiver and are vasodilated at all times; therefore, they will take an extremely long time to rewarm postoperatively.









Hyperkalemic Cardiac Arrest


Patients with spinal cord injury (paraplegics and tetraplegics who frequently undergo endourologic procedures) and those who are bedridden long-term run the risk of hyperkalemic cardiac arrest secondary to succinylcholine (SCH) administration used to facilitate intubation. This occurs due to massive extra-junctional proliferation of SCH receptors of the neuromuscular junction in this subset of patients, and also can be secondary to massive burns, brain and peripheral nerve injury, or muscle atrophies or dystrophies.


In these patients, SCH produces intense muscle fasciculations with massive release of intracellular potassium and cardiac arrest. If SCH is not used for these patients or if regional anesthesia is used, these complications will be avoided.









Autonomic Hyperreflexia


Autonomic hyperreflexia is characterized by an uncontrolled sympathetic response secondary to a precipitant, due to loss in descending inhibition from higher centers and due to alterations in connections within the distal spinal cord. Autonomic hyperreflexia usually occurs in patients with spinal cord injuries at the T6 level and above; it occurs in 50% to 70% of this patient population. Signs and symptoms of autonomic hyperreflexia are caused by the vasoconstriction and sympathetic response below the level of the spinal cord lesion and by the compensatory parasympathetic response above the level of the lesion.


Major symptoms include hypertension, headache, sweating, flushing or pallor above the level of the lesion, and bradycardia. Other less common signs include pupillary changes, Horner syndrome, nausea, and anxiety. The most common precipitants of autonomic hyperreflexia involve the urinary tract. Importantly, bladder distention has been shown to account for up to 85% of cases. UTIs, genital stimulation, urologic procedures, and even catheterization can also elicit a response.


When autonomic hyperreflexia is suspected, treatment should begin immediately, before serious complications result, such as intracranial hypertension, seizures, or intracranial hemorrhage. Removal of the stimulus and pharmacologic treatment of the hypertension should be done immediately. A short acting α-blocker (e.g., phentolamine 5-30 mg IV in divided boluses) is generally effective in normalizing BP.


Preventing autonomic hyperreflexia begins by identifying those patients at risk (T6 and above spinal cord lesions) and maintaining a high index of suspicion. For the urologist, measures that reduce the incidence of bladder distention (e.g., anticholinergic, intermittent catheterization) may reduce the incidence of attacks.


For these patients, spinal anesthesia is the anesthesia technique of choice, especially for urologic procedures, because it prevents most cases of autonomic hyperreflexia, avoids the need for general anesthesia, and provides excellent cardiovascular stability.20 The slight disadvantage of spinal anesthesia is that it may be difficult to reliably determine the level of blockade. General anesthesia also has been used successfully and autonomic hyperreflexia avoided as long as deep anesthesia is maintained. However, these patients have a host of other medical issues associated with their spinal cord injury (e.g., immobility, muscle wasting, respiratory issues, thermoregulation problems), which may increase the risk of general anesthesia. Epidural and MAC (sedation, local anesthetic infiltration) have been reported as less successful in preventing autonomic hyperreflexia when compared with spinal and general anesthesia.









Malignant Hyperthermia


Malignant hyperthermia (MH) is an uncommon pharmacogenetic clinical syndrome of hypermetabolism triggered by specific anesthetic agents. MH is an inherited disorder that occurs in 1 in 10,000 to 1 in 50,000 patients. It occurs as a result of abnormally increased intracellular release of calcium from the sarcoplasmic reticulum. All inhalational anesthetics, except n2o, can trigger MH. SCH is a very frequent trigger. Safe anesthetic agents include n2o, barbiturates/IV anesthetics, all narcotics, and all antianxiety medications. MH can begin during administration of anesthetic agents, or it may occur postoperatively.


Testing for susceptible patients, the so-called in vitro caffeine-halothane contracture test, is done on freshly collected muscle biopsy specimens. Newly developed molecular genetic testing, which identifies about 50 mutations as causal for MH, is still in early development. A complete list of testing center locations in North America is available from the Malignant Hyperthermia Association of the United States (MHAUS) at www.mhaus.org.


Predisposing diseases include certain muscle disorders, such as central core disease, Duchenne or Becker muscular dystrophies, specific types of myotonia, and hyper- or hypokalemic paralyses.


Special clinical syndromes have been grouped as masseter muscle rigidity (a sustained contracture of the jaw muscles after SCH administration, which may or may not progress to full MH), sudden unexpected cardiac arrest (especially soon after the use of succinylcholine), and myopathies (muscle rigidity and/or hyperthermia—if hyperkalemia is successfully treated, the outcome may be good). These syndromes may occur alone or in the context of fully developed MH.


To diagnose MH, the most consistent indicator is an unanticipated increase (tripling or quadrupling) of etco2 when minute ventilation is normal. Sudden unexpected cardiac arrest may occur, especially in boys and young men (aged 5-15 years), and hyperkalemia should be suspected. Unexpected tachycardia is an early symptom, as are tachypnea and masseter spasm. Respiratory and metabolic acidosis usually indicate advanced or fulminant MH (late clinical development). Body rigidity is a specific sign of MH in patients under general anesthesia. Core body temperature elevation is often a late sign of MH. Postoperative rhabdomyolysis and acute myoglobinuric renal failure are usually later events. There is a 25% MH recrudescence rate in the postoperative period, thus patients should be watched carefully after any initial MH event.21


Treatment begins by immediately discontinuing the triggering agent. Hyperventilate with 100% oxygen. Treat with IV 2.5 mg/kg dantrolene sodium (because this solution does not have significant side effects, it should be used for all cases in which MH is suspected). Treat acidosis with bicarbonate; treat hyperkalemia with glucose, insulin, and calcium; treat hyperthermia with cooling (nasogastric lavage, rectal lavage, intraperitoneal lavage, surface cooling—to end point of 38°C). Avoid calcium channel blockers (use other antiarrhythmics). Carefully monitor serum potassium; measure creatine phosphokinase (a good measure of muscle destruction) every six hours until decreased (though in severe MH, high creatine phosphokinase might last for 2 weeks). Follow coagulation profile because disseminated intravascular coagulation may occur.


Prevention begins by identifying patients at risk of MH through positive history or previous testing. Patients with known or suspected MH who need surgery can be safely operated on using a non-triggering anesthesia technique (total avoidance of triggering agents) and a mandatory fresh oxygen (o2) flushing of the anesthesia circuit for a minimum 20 minutes preoperatively (in order to eliminate any traces of inhalational agents). ASA recommends measuring core body temperature in all anesthesia cases lasting >30 minutes. It is recommended that a full complement of fresh dantrolene ampules and chilled IV fluids, along with full resuscitative medications, be readily available at all times in the OR.









Postoperative Nausea and Vomiting


If untreated, up to 30% of all surgical patients will have PONV after general anesthesia with inhalational anesthetics, whereas high risk patients will have an incidence up to 80%. Patients with an increased incidence of PONV tend to be young children; women; or patients with preoperative pain and anxiety, delayed gastric emptying, and, most importantly, a positive history of motion sickness and PONV. Anesthesia risk factors for PONV include dehydration, general anesthesia with inhalational anesthetics, anesthesia lasting longer than 3 hours, and the use of n2o, narcotics, sedatives (e.g., ketamine, etomidate), and neostigmine. Urologic factors that increase the likelihood of PONV include laparoscopic surgery, hernia repair, and orchiopexy. Postoperative risks include sudden motion, pain, and early fluid intake.


Various antiemetic medications are used to treat nausea and vomiting. One group of antiemetics works by antagonizing neurotransmitters at various receptor sites (e.g., dopamine, histamine, serotonin, or cholinergic-muscarinic receptors). These include antihistamines (diphenhydramine and promethazine), butyrophenones (droperidol and haloperidol), phenothiazines (chlorpromazine and prochlorperazine), benzamides (metoclopramide) and anticholinergics (scopolamine). Another group works as anti-inflammatories or specific antiserotonin (5-HT3) antagonists (ondansetron, granisetron, and dolasetron). Dexamethasone is a corticosteroid that works through anti-inflammatory and some unknown properties.


Various side effects occur after using antiemetic medications. Their most significant side effect is sedation.


As prophylaxis for PONV, dexamethasone combined with an antiserotonin antagonist proves to be one of the most efficient regimens, if used at induction of general anesthesia. For treatment of PONV, combinations of antiemetics seem to be more efficient (through their additive effect) than single medications. In our experience, however, when everything else fails, one of the best rescue medications is haloperidol 1.25 mg to 2.0 mg used intramuscularly (an IV dose is too short acting), which provides >15 hours of intense antiemetic effect without excessive sedation or any hallucinations.


The most effective way to prevent PONV is to entirely avoid inhalational anesthetics, unnecessary sedatives, and n2o (which causes a 30% increase in PONV). See “Propofol Total Intravenous Anesthesia for Postoperative Nausea and Vomiting,” next.









Propofol Total Intravenous Anesthesia for Postoperative Nausea and Vomiting


TIVA is a modern form of general anesthesia. Propofol TIVA, which uses a propofol drip along with fentanyl, seems to be the most effective general anesthetic technique for preventing PONV. Propofol TIVA proves especially useful in patients at higher risk for PONV (those with a history of motion sickness or previous PONV).


Propofol TIVA general anesthetic can be administered with the patient breathing spontaneously or with the patient muscle relaxed and mechanically ventilated. In either TIVA technique, n2o, benzodiazepines, or other sedative medications are not needed (bispectral index [BIS] monitor tested), and should be avoided because they tend to produce PONV, unnecessarily delay patients’ awakening, and prolong recovery. Propofol TIVA predictably provides a well-anesthetized patient who has no operative recall, is easy to wake up, has satisfactory postoperative analgesia, and has no PONV.


For patients with a history of hypersensitive (hyperreactive) airway such as asthma (even if childhood asthma), smokers, patients with recent upper respiratory infections (within the past 6-8 weeks), chronic bronchitis, or eczema, low concentrations of inhalational agents (e.g. 0.2%-0.4% sevoflurane) should be added (for deeper anesthesia level and bronchodilation) to either of the TIVA regimens listed. The same regimen should be used for an obese patient or any intubated patient. Adding low concentration inhalational agents does not diminish the potent anti-PONV qualities of the propofol/fentanyl TIVA.









Patient Positioning


Urologic surgeries require the patient to be in specific positions (e.g., supine, prone, lithotomy, or lateral position), which can cause inadvertent nerve injury. Most nerve injuries involve the ulnar nerve (28%), brachial plexus (20%), lumbosacral nerve roots (16%), and the spinal cord (13%).22 Nerve injuries usually occur as a result of compression or stretching of the nerve.


With patients in supine position, the most commonly injured nerve is the ulnar nerve, regardless of whether the patient has both arms tucked at the side or out on armboards. With patients in lithotomy position, sciatic, femoral, and peroneal nerves are at increased risk for injury. In lateral position, the brachial plexus is at increased risk. Meticulous attention must be paid to positioning a patient, ensuring that he or she is not stretched beyond the physiologic range, and padding all pressure points to reduce the incidence of nerve injury.


According to the ASA practice advisory for prevention of perioperative peripheral neuropathies,23 arm abduction should be limited to 90 degrees in supine patients. Arms also should be positioned to decrease pressure on the postcondylar groove (ulnar nerve) and the spiral groove of the humerus (radial nerve). Neutral forearm position or supination of the arms with proper padding should meet this recommendation.


For lower extremity positioning, excessive stretching of the hamstring muscle group beyond a comfortable range must be avoided (especially in lithotomy position), as this may cause sciatic neuropathy. Prolonged pressure on the peroneal nerve at the fibular head should be avoided by using proper padding (especially in lithotomy position). Neither flexion nor extension of the hip has been shown to increase the risk of femoral neuropathy, although it is advised that excessive flexion or extension be avoided.


Preventing peripheral neuropathies begins in the preoperative phase. Certain patient characteristics have been shown to be associated with perioperative neuropathies, including smoking, diabetes, vascular disease, arthritis, and extremes of body weight and age. Preoperatively, any preexisting neuropathies should be identified during the initial history and physical examination, and the patient’s normal comfortable range of motion should be determined. Intraoperatively, patient positioning and padding should be checked periodically. Postoperatively, patients should be watched for early signs of any nerve injury and appropriate steps taken, including obtaining neurologist consultation if necessary.












Regional Anesthesia


A preponderance of outcome data suggests that regional anesthesia improves patient morbidity and mortality,24 as compared with general anesthesia. Also, regional anesthesia was found to reduce overall mortality by approximately 30%. Regional anesthesia decreased the odds of deep venous thrombosis by 44%, PE by 55%, transfusion by 50%, pneumonia by 39%, respiratory depression by 59%, MI by 33%, and renal failure by 43%, thus greatly reducing overall morbidity as well. The benefits of regional anesthesia include the following24:



• Attenuation of the body’s stress response perioperatively (preserves cardiovascular function)



• Preservation of respiratory function and decrease in pulmonary complications



• Faster recovery of postoperative GI function



• Decrease in intraoperative blood loss



• Decrease in postoperative hypercoagulability



• Preservation of perioperative immune function



• Superior postoperative analgesia compared to systemic opiates



• Decreased length of stay in the post anesthesia care unit (PACU) due to adequate pain control



• Increase in patient satisfaction


Contraindications for regional anesthesia include patient refusal, cardiac outflow tract obstruction (as in IHSS and aortic stenosis), the anticoagulated patient (when INR >1.4), skin infections, serious previous neurologic deficiencies, hypotension, allergy to local anesthetic, sepsis, and hemorrhagic shock.


Regional anesthesia can be divided into two categories: neuraxial anesthesia (e.g., spinal, epidural, combined spinal/epidural) and peripheral nerve block anesthesia (e.g., pudendal, penile).


Neuraxial anesthesia deposits a local anesthetic within the subarachnoid (spinal) or epidural space. This produces sympathetic block (vasodilation), sensory block (painlessness), and motor block (muscle relaxation), with separate corresponding levels, each producing distinctive physiologic changes.


The sympathetic block results in vasodilation, with an increase in volume of the capacitance vessels, causing a decrease in cardiac preload and secondary hypotension. This undesirable hypotension can be abrupt and severe, directly proportional to the degree of sympathetic denervation, and it must be treated early and aggressively with vasopressors, fluids, and head-down position (thus increasing cardiac preload). The sympathetic denervation may involve the entire lower extremities, the pelvis, or the thoracoabdominal cavity, depending on the height of the sympathetic level achieved. The sympathectomy slowly wears off throughout the surgery and outlasts the sensory block by about 3 hours.


The sensory blockade renders the patient insensitive up to a certain level, which can be manipulated in various ways in order to achieve painlessness for the entire dermatomal distribution of the surgical procedure and for the duration of surgery and recovery.


The motor blockade also can be manipulated at will to produce full muscle relaxation extending from the lower extremities all the way up to the thoracic wall, depending on the type of surgery performed. For surgical anesthesia, solid sensory and motor denervation are needed, whereas for postoperative analgesia, only sensory block is required.









Spinal Anesthesia


Spinal anesthesia is achieved by injecting small amounts of various local anesthetics below L1 spinal level directly into the cerebrospinal fluid (CSF) through a fine needle inserted beyond the arachnoid membrane. A sensory dermatomal level and a three dermatomal segments higher sympathectomy (vasodilation) are obtained. The motor block is about two dermatomal levels lower than the sensory level. Duration of the spinal block depends on the type, dose, and baricity of the local anesthetic used; it also depends on patient positioning. The major side effect of spinal anesthesia is drop in BP, proportionate to the level of sympathectomy (vasodilation). For best treatment of this side effect, see “Further Prevention of Regional Anesthesia Complications,” later.


The following important complications may occur with spinal anesthesia.






Postdural Puncture Headache


Postdural puncture headache (PDPH) is a headache that may occur 24 to 48 hours after spinal anesthesia (or inadvertent epidural subarachnoid puncture). It is thought to be due to a continuous leak of CSF through the spinal puncture hole, decompressing the subarachnoid space with secondary stretching of the cranial nerves. PDPH has two specific characteristics: it is frontal and positional. It typically appears as a throbbing frontal headache (of variable intensity). Its main positional characteristic is used as a test. When the patient is lying in bed, he or she may have no headache at all. However, when the patient sits up or walks, a throbbing frontal headache will occur, which disappears when the patient lies down again. In severe cases, even a slight lift of the head from the horizontal position elicits the headache. This positional test differentiates PDPH from sagittal sinus thrombosis, which produces a continuous throbbing headache in any position.


Associated symptoms of PDPH include neck ache or stiff neck (57%), upper back ache (35%), nausea (22%), and visual and auditory disturbances. If untreated, PDPH spontaneously resolves within 1 to 6 weeks, but it is very distressing to patients.


Conservative treatment relies on hydration, caffeine (cerebral vasoconstrictor), sumatriptan succinate (serotonin type 1d receptor agonist, a powerful cerebral vasoconstrictor), and adrenocorticotropic hormone (a controversial treatment, which works through increased CSF production and/or β-endorphin release). Epidural blood patch, an invasive PDPH treatment used only for unrelenting symptomatology, consists of injecting 10 to 15 mL autologous blood into the patient’s epidural space. PDPH disappears immediately in 85% of such cases, and recurrence is rare.









Cauda Equina Syndrome/Transient Neurologic Syndrome


Cauda equina syndrome (CES) is a clinical representation of local anesthetic neurotoxicity. It can present as varying degrees of pain or neurologic deficit limited to the lower extremities, and it can create functional deficiencies (e.g., urinary and fecal incontinence). It may present with transient symptomatology, or it may evolve into permanent neurologic lesions with permanent loss of function. Permanent CES is very rare.


All local anesthetics are potentially neurotoxic in high doses. CES may be caused by maldistribution, high concentration, and/or high and repetitive doses of local anesthetics. See “Local Anesthetic Systemic Toxicity,” later.


Transient neurologic syndrome (TNS) is another clinical representation of local anesthetic neurotoxicity. TNS has been described in conjunction with continuous spinal anesthesia, where frequent topoff reinjections of the same local anesthetic cause toxicity. Consequently, continuous spinal anesthesia is rarely performed. TNS also may appear on rare occasions after spinal administration of single doses of lidocaine, mepivacaine, bupivacaine, or any other spinal anesthetic, if used in excessive doses. However, in our experience, following thousands of subarachnoid meperidine blocks, TNS has not occurred. We strongly recommend using meperidine in regular doses of 35 to 50 mg or in minidoses of 20 to 30 mg in all cases. See “Further Prevention of Regional Anesthesia Complications,” later.












Epidural Anesthesia


Epidural anesthesia is achieved by injecting local anesthetic into the epidural space, which is located between dura mater and the yellow ligament (ligamentum flavum). Consequently, a sensory dermatomal block is obtained, associated with a 3 to 6 dermatomal segment higher sympathectomy (vasodilation). A motor block is also obtained. In clinical practice, epidural anesthesia can be obtained with a single injection or through an epidural catheter used for reinjection with local anesthetic in order to prolong surgical anesthesia or to provide postoperative pain relief. The major side effect of epidural anesthesia is hypotension, proportionate to the level of sympathectomy (vasodilation). The onset of this hypotension is slower than the hypotension associated with spinal anesthesia. For best prevention or treatment of this side effect, see the use of ephedrine in “Further Prevention of Regional Anesthesia Complications,” later.


The following complications may occur with epidural anesthesia:






Inadvertent Subarachnoid Injection


Inadvertent subarachnoid injection is an accidental local anesthetic injection into the subarachnoid space (CSF). This occurs when the epidural needle accidentally penetrates the dura mater and arachnoid membranes and ends up in the subarachnoid space. Epidural anesthesia requires much higher local anesthetic volumes than spinal anesthesia (~1.5 mL per dermatomal segment blocked); if some of this high volume anesthetic ends up in the subarachnoid space, it will create undesirably high levels of subarachnoid block (total spinal). This will cause widespread sympathectomy and vasodilation, with sudden drop in BP and cardiac output, leading to a clinical picture of shock, often rapidly progressing to respiratory and cardiovascular arrest.


As a first measure, the patient is immediately placed in the Trendelenburg position in order to increase preload to the heart. Treatment then is geared toward cardiovascular and respiratory support.


Prevention includes keeping patients awake and conversant, using a subarachnoid test (injecting small fractionate doses of local anesthetic), and slowly raising the dermatomal sensory level of anesthesia with frequent testing (cold or pinprick test).









Inadvertent Intravascular Injection


Inadvertent intravascular injection is unintended injection of a large dose of local anesthetic into a blood vessel within the epidural space. This may occur during a single injection through the epidural needle or following even small fractionate doses of local anesthetic through an epidural catheter. Local anesthetic intravascular toxicity may occur with the following symptoms, usually appearing in a clinically predictable sequence: tinnitus, perioral numbness, dizziness, fainting, drop in BP, bradycardia, seizures, coma, and death.


Treatment is symptomatic. Immediately stop injecting the local anesthetic and, in cases of seizure or cardiovascular collapse, use sedatives and cardiovascular support measures. In case of clinical shock with cardiorespiratory arrest, administer cardiopulmonary resuscitation.


Prevention starts with the correct placement of the epidural catheter. Then the epidural catheter is tested with an IV testing dose using small, non-seizure producing, tracer-laced (e.g., epinephrine) local anesthetics while looking for tachycardia on ECG. It is essential to inject slowly, keeping the patient conversant and asking for the presence of early symptoms of local anesthetic intravascular toxicity (i.e., tinnitus, perioral numbness, dizziness). If these symptoms appear, immediately stop the injection and assume toxicity. The use of benzodiazepines at this point will prevent seizures; however, these drugs will not prevent the cardiovascular collapse secondary to a massive intravascular injection. Use basic monitoring (ECG, BP cuff, pulse oximetry, etco2) for the entire epidural and surgical procedure in order to observe any other symptoms of inadvertent intravascular injection (e.g., drop in BP, drop in arterial saturation, bradycardia).


Maintain general awareness of this potential complication throughout the case. Even if the local anesthetic is injected properly (negative IV test), if massive toxic doses accumulate over time, a similar delayed clinical picture may occur. The anesthesiologist must not trespass into the generally acknowledged toxic doses of each specific local anesthetic. See also “Local Anesthetic Systemic Toxicity,” later.












Combined Spinal/Epidural Anesthesia


Combined spinal/epidural (CSE) anesthesia blends the advantages of both types of anesthesia. Classically, the spinal anesthesia component, with its early onset and dense block, is used for surgical anesthesia; this might be sufficient for the entire surgery. The epidural catheter, however, may be accessed for additional anesthesia during surgery if, at any time, the spinal anesthesia wears off. The same epidural catheter also can be used for prolonged postoperative analgesia.


Complications can arise from either the spinal or the epidural component of the technique. Prevention of most potential CSE complications is identical to the separate spinal and epidural preventive measures.









Local Anesthetic Systemic Toxicity


Local anesthetic systemic toxicity may occur in two ways: massive reabsorption after tissue injection or secondary to inadvertent intravascular injection. If the quantity (in milligrams) of the local anesthetic injected exceeds certain toxic peak levels, the following symptoms may be produced:



1. Central nervous system (CNS) excitability/depression: Tinnitus, perioral numbness, dizziness, confusion, seizures, coma, death



2. Cardiovascular effect: Peripheral vasodilation with hypotension, heart block, bradycardia, ventricular tachycardia, asystole, cardiovascular collapse



3. Respiratory effect: Respiratory depression due to direct local anesthetic effect and/or secondary to CNS and cardiovascular effects



4. Methemoglobinemia: Central cyanosis refractory to supplemental oxygen administration appears at a methemoglobin level >15%. At 50% to 60%, methemoglobinemia may produce confusion, arrhythmias, hemodynamic instability, and seizures, leading to death. Chocolate-colored blood that keeps its color despite exposure to air is diagnostic. Methemoglobinemia can occur after large doses of benzocaine topical administration and absorption (usually used for various endoscopic procedures). Also it may occur when large doses of prilocaine (>600 mg) are administered. (Prilocaine is no longer available for use as a local anesthetic.)25



There are various ways to estimate the toxic dose of a given local anesthetic. Clinically useful and generally acknowledged local anesthetic toxic doses (when used with epinephrine) are tetracaine 1.5 mg/kg, bupivacaine 3 mg/kg, lidocaine 7 mg/kg, mepivacaine 7 mg/kg, procaine 20 mg/kg, and 2-chlorprocaine 20 mg/kg.


There are two general categories of local anesthetics: ester and amide. The ester types are tetracaine, procaine, 2-chlorprocaine, and benzocaine. They are metabolized in the body by the natural esterases, which limit and terminate their inherent toxicity. The amide types—bupivacaine, levobupivacaine, ropivacaine—are metabolized in the liver, a longer process, thus making these local anesthetics available for a longer time, and prolonging the potential toxicity.






Treatment


Treatment depends on the severity of the event. CNS excitability can be treated with sedatives such as benzodiazepines. The respiratory and cardiovascular depressant effects should be addressed by supportive measures. Severe methemoglobinemia is treated by using 1 mg/kg IV methylene blue.


Recently, IV lipid emulsion has been used successfully to bind and quickly remove the highly liposoluble local anesthetics from the intravascular system. There are numerous clinical reports of life-saving rapid reversal of major local anesthetic toxic symptomatology.26-29









Prevention


The overall injected quantity (in milligrams) of local anesthetic always must be kept below the toxic dose (see “Local Anesthetic Systemic Toxicity,” earlier). Maintain constant vigilance during and after local anesthetic injection. Resuscitative equipment and medications must be available at all times. Monitor patients fully whenever local anesthetics are injected. When infiltrating tissues, constantly move the needle while injecting, and whenever the needle stops, before injecting, apply 90-degree double aspirations to make sure the needle tip is not inadvertently in a blood vessel. Inject small fractionate doses when performing nerve blocks. Whenever possible, add a tracer substance (e.g., epinephrine) to diminish tissue reabsorption of the local anesthetic and also to provide an early sign (tachycardia) of inadvertent intravascular injection of the local anesthetic.












Spinal Hematoma


Bleeding associated with neuraxial blockade is a rare complication, occurring in an estimated 1 in 220,000 for spinal anesthesia and in <1 in 150,000 for epidural anesthesia.30 Spinal hematoma may occur in patients with known or unknown coagulopathies and in patients who may be anticoagulated for various medical or surgical reasons.


Symptoms include progression of the existing sensory or motor block (68%), bladder or bowel dysfunction (8%), and pain of radicular nature.31 Whenever spinal hematoma is suspected, a computed tomography (CT) or magnetic resonance imaging (MRI) scan is diagnostic.


If the hematoma is symptomatic, it should be surgically evacuated as soon as possible. If possible, the anticoagulant involved also should be discontinued.


Preventing spinal hematoma requires judicious perioperative planning and good communication among the urologist, anesthesiologist, cardiologist/internist, and pain clinic staff. Nonsteroidal anti-inflammatory drugs (NSAIDs) do not seem to pose a serious risk, either on insertion or removal of the neuraxial needle or catheter.32


When subcutaneous unfractionated heparin is used, there are no added significant risks on insertion (needling) or removal; however, it is recommended to wait 1 hour postremoval before resuming anticoagulation.


When IV unfractionated heparin is used, however, hold it 2 to 4 hours before insertion and 1 hour after insertion before resuming anticoagulation; hold it 2 to 4 hours before catheter removal and 1 hour after catheter removal before resuming anticoagulation.


When low molecular weight heparin (LMWH) is used, hold it 10 to 12 hours before insertion, and >2 hours after insertion before resuming anticoagulation; hold it 10 to 12 hours before catheter removal and >2 hours after catheter removal before resuming anticoagulation. The American Society of Regional Anesthesia recommends the removal of indwelling epidural catheters before starting LMWH.


When warfarin is used for thromboprophylaxis, the INR should be allowed to normalize to ≤1.4 preoperatively.30 For patients with drug-eluting cardiac stents, there is a new specific “bridging” protocol, which recommends that patients continue their antiplatelet medication.7,8









Further Prevention of Regional Anesthesia Complications






Meperidine Spinal Anesthesia


In my practice (Vaida), we use regional anesthesia extensively for most urologic procedures. The judicious use of meperidine spinal anesthesia prevents many major and minor anesthetic complications, and provides superior long lasting postoperative pain relief.


We have perfected a technique over the past several decades in which regular doses or minidoses of meperidine have been used without any respiratory depressant effect or otherwise deleterious side effects in thousands of ASA III-IV patients. We have used this regimen with great success in a wide variety of urologic procedures, ranging from cystoscopy to long TURPs, female and male reconstruction for incontinence, radical retropubic prostatectomy, and endourology procedures, including transurethral lithotripsy.


Meperidine has a fast onset and, when used alone, provides a deep sensory and motor block completely resembling plain lidocaine spinal (both drugs used as 50 mg yield a T6 sensory level, which covers ~1.5 hours of surgical anesthesia). Subarachnoid meperidine is the only short-acting narcotic with local anesthetic properties that provides 8 to 12 hours of postoperative analgesia. In the PACU, patients who received meperidine during surgery are completely awake, have a clear sensorium, are recovered fully from the initial motor block, and do not require pain medications.


As a rare side effect, itchiness occurs in <1% of cases. If itchiness becomes intense, treat it with naloxone 40 µg IV, followed by 80 to 100 µg IM for prolonged effect.


Meperidine does not increase the risk of spinal headache (we have observed 0% in our patient population). Meperidine does not produce TNS as do the other local anesthetics. Meperidine does not delay time to void in the recovery room.


Meperidine may be used alone or in combinations. We add minidoses of local anesthetic in order to prolong meperidine anesthesia during longer surgeries. This allows great versatility in matching a spinal anesthesia regimen to the length of a particular surgical procedure, so that the motor blockade will wear off very soon after the conclusion of surgery while still providing very long postoperative analgesia.


Meperidine can provide the spinal component of the CSE technique used in extra long cases in which postoperative pain relief must be maintained for several days.









Combined Intravenous and Intramuscular Ephedrine for Cardiovascular Stability


In order to counteract the potential drop in BP secondary to any spinal anesthesia, we use ephedrine immediately following spinal injection, as 5 mg IV bolus, with simultaneous IM injection of 25 mg to 40 mg (depending on patient’s size). The IV dose starts working within a minute, without producing undue tachycardia, and lasts up to 10 minutes. The IM dose becomes effective within 10 minutes and works for 2.5 hours (using the muscle as a depot), with only minor increases in BP or heart rate (<10%), thus ensuring a continuum of BP support.


If given early enough, at the onset of sympathectomy due to the spinal administration, this ephedrine regimen will simply maintain the patient’s original heart rate and BP, independent of the hydration status. Thus, a completely stable cardiovascular status is assured for the length of the case. This ephedrine regimen confers great cardiovascular stability to spinal anesthesia, making it an extremely attractive choice for all patients, and especially older and sicker ASA III-IV patients.















NERVE BLOCKS IN UROLOGY


Nerve blocks offer a safe anesthetic approach to a multitude of urologic procedures and a rapid painless recovery for all patients. These blocks prove to be especially safe and useful in old and sick ASA III-IV patients because these blocks eliminate the risks and complications general and regional anesthesia cause while providing a stressless operative and postoperative course (pain free, no PONV, clear postoperative mentation).


Contraindications to these nerve blocks include patient refusal, anticoagulation, allergy to the local anesthetic, and local infection.


Pudendal block and penile block are the nerve blocks most frequently used in hospital-based urologic surgery.






Pudendal Nerve Block


Pudendal nerve block may be used in all superficial male and female perineal surgeries; male and female lower urinary reconstructive procedures; sling procedures for incontinence; rectal and urinary sphincter procedures; and procedures on the penis, clitoris, scrotum, and labia majora. The pudendal nerve block can be used in conjunction with a short spinal anesthesia, general anesthesia, or continuous propofol/fentanyl TIVA.


The pudendal nerve innervates the perineum, the anal and urethral sphincters, the penis, and the clitoris. A number of male and female urologic procedures depend on knowledge of pudendal innervation, including anal and stress incontinence surgeries via suprapubic, perineal, or vaginal approaches, and pudendal canal decompression for pudendal canal syndrome and pudendal artery syndrome (with erectile dysfunction).33


The sacral plexus gives off the pudendal nerve by using the S2, S3, and S4 anterior rami. The pudendal nerve roots emerge from the anterior sacral foramen. The pudendal nerve contains autonomic and motor nerve fibers together, making it a mixed nerve.


Out of the pudendal canal, the pudendal nerve gives off three terminal branches: the inferior rectal nerve, the perineal nerve, and the dorsal nerve of penis or dorsal nerve of clitoris.34


The inferior rectal nerve supplies the external anal sphincter, the mucus membrane, and the lower half of the perianal skin and the inner anal canal. The perineal nerve gives off deep branches to the muscles of the urogenital triangle and superficial branches to the skin of the lower labia majora and lower scrotum. The dorsal nerve of the penis or clitoris supplies sensory nerve endings to the skin surface of clitoris and penis.


The pudendal nerve runs through three significant anatomical regions: the gluteal region, the pudendal canal, and the perineum. The course of the pudendal nerve in the area of the ischial spine is important because this is where the pudendal nerve block is placed.


There are three approaches to the pudendal nerve block:



1. Transvaginal approach



2. Perineal approach (Aburel method)



3. Direct percutaneous approach (Vaida method)






Transvaginal Approach


This method, often used in obstetrics, provides perineal analgesia during the third stage of delivery, when the presenting part of the newborn is visibly bulging the perineum. It is also useful in urologic surgery.


The block is done with the patient in lithotomy position. Palpate with the left hand (5-6 cm intravaginally) the left ischial spine through the left lateral vaginal wall. Affix the tip of an Iowa Trumpet between the palpating fingers and the tip of the ischial spine. Pass a long injecting needle through the trumpet and through the vaginal wall until it punctures the sacrospinous ligament and advances another 1 cm. Perform two 90-degree safety aspirations and, if there is no blood return, inject 5 to 8 mL local anesthetic.


Repeat the same exact technique on the patient’s right side, using the right hand for vaginal examination and the left hand for the aspiration-injection sequence. The sensory block obtained between the anus and clitoris can be ascertained by pinprick testing the skin of this area. Any local anesthetic may be used, such as 3% 2-chlorprocaine (providing a 1-2 hour block), lidocaine 1.5% or 2% (providing a 2-3 hour block), or bupivacaine 0.25% or 0.5% (providing a 4-8 hour block).






Complications


Potential problems may include accidental rectal puncture, bleeding (rare), pudendal blood vessel puncture (with local anesthetic systemic toxicity), and infection (rare). Avoid injecting large volumes of local anesthetic because toxicity may occur. See “Local Anesthetic Systemic Toxicity,” earlier.









Prevention


The 90-degree double safety aspiration before the injection (to ascertain that the needle tip is not in intravascular position) is essential. When the patient is in the lithotomy position, the rectum is located medial and inferior to the ischial spine; therefore, the palpating hand entirely protects the rectum. Do not do any puncture until the Iowa Trumpet is firmly affixed between the palpating fingers and the ischial spine.












Perineal Approach


In the 1960s, Aburel described a percutaneous perineal approach used in female and male urology cases. With the patient in lithotomy position, the block is done midway between the rectum and the base of the penis or vagina on the midperineal line. With the area thoroughly prepared, pass the injecting needle posteriorly and laterally from this point, aiming toward the ischial spines, one at a time. When the ischial spine is contacted, walk the needle off the bone, medioinferiorly, about 1 cm past the sacrospinous ligament. After two 90-degree safety aspirations (ensuring no blood return), deposit 5 to 8 mL local anesthetic.






Complications


Complications include accidental rectal puncture, pudendal vascular puncture (local anesthetic systemic toxicity), and infections (rare). Avoid injecting large volumes of local anesthetic because toxicity may occur. See “Local Anesthetic Systemic Toxicity,” earlier.









Prevention


Rectal puncture is prevented by guiding the needle with simultaneous transrectal palpation of the ischial spine. Inadvertent puncture of blood vessels is prevented by the 90-degree double safety aspirations.












Direct Percutaneous Approach (Vaida Method)


Direct percutaneous approach can be used easily in male or female urology. It is done with the patient in lithotomy position, with the entire perineum and gluteal areas thoroughly prepared with antiseptic solution. A syringe containing 10 to 16 mL local anesthetic is outfitted with a 20-gauge spinal needle. In lithotomy position, the ischial spine can be palpated easily directly through the skin about 3 to 4 cm lateral from the anus. Through a puncture done at this level, insert the needle in a 10-degree posterolateral direction. When the needle tip contacts the ischial spine, walk it off medioinferiorly, through the sacrospinous ligament, for another 1 cm. After two 90-degree aspirations, deposit 5 to 8 mL local anesthetic. Repeat again over the other ischial spine.






Complications


The direct percutaneous approach avoids rectal injury, which is most likely in the perineal approach, and inadvertent intravascular injection (the slight angulation keeps the injecting needle in a more medial position away from the pudendal vessels). However, infection is a potential, although rare, complication.









Prevention


Double 90-degree safety aspirations are used in order to prevent local anesthetic systemic toxicity. Thorough skin preparation is essential to prevent infections.















Penile Block


Thorough understanding of pudendal nerve anatomy is essential to the penile block. Terminal branches of the pudendal nerve innervate the rectum, the perineum, the scrotum, and the penis.






Perineal Nerve


After emerging from the pudendal canal, the perineal nerve courses downward for 2 to 3 cm and gives rise to two terminal divisions: a lateral scrotal branch and the medial striated urethral branch.35,36 The scrotal branch unites with the inferior rectal nerve to form the common scrotal branch, which innervates the posterior aspect of scrotum.
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