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Dedication



To our families, who cheerfully suffer us daily, and to all our residents, past and present, who represent a never-ending source of knowledge, intellectual honesty, and pride








Preface


Philip Hanno


Tom Guzzo


Bruce Malkowicz


Alan Wein



Twenty-seven years ago we first put together a basic urology text designed for the busy student and house officer studying this fascinating and evolving area of medicine and surgery. This edition of the Penn Clinical Manual of Urology reflects our latest effort to present a useful introductory text. Rather than provide a heavily referenced compendium, we have striven to present a framework upon which program directors can build an educational foundation that will reflect their individual practices and allow their methods to be placed in the perspective of the urologic field in general. We believe the book also will appeal to nonurologic providers who routinely see patients with urologic problems: the primary care physician, gynecologist, nurse practitioner, and urologic nurse specialist. For those studying for certification and recertification in urology, it will be a useful, compact source of information that spans the discipline.


Each of the contributors has been carefully selected, and all are superb clinicians and educators with practical experience in teaching medical students and residents didactically and in the clinic and operating room. All have been affiliated with the Penn urology program, hence the designation of the text. Although the practices and philosophy of the University of Pennsylvania Division of Urology will no doubt be evident in the exposition, more so in some sections than others, we have tried to keep “dogma” to a minimum, and thus allow program directors to add their input without the intellectual disruption (to the reader) of major disagreements. Algorithms, suggested readings, clinical “pearls”, and self-assessment questions are a part of each chapter.


From the physical examination to the MR urogram, and from the identification and treatment of testicular torsion to screening for prostate cancer and robotic prostatectomy, we have tried to encapsulate this fast-moving field. Urology incorporates a blend of medicine and surgery, traditional and extremely high-tech procedures, and acute care and long-term follow-up. Our goal has been to present the material in such a way that it will be comprehended by the novice, but also comprehensive enough for the chief resident doing a quick board review. It is our hope that this text will find a place not only on the office desk, but also on the clinic bookshelf and in the house staff coat pocket.


We thank our contributors and our publisher for making this edition possible. We hope the Penn Manual will prove to be a trusted resource and ready reference.
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Chapter 1





Signs and Symptoms


The Initial Examination



Keith N. Van Arsdalen, MD






Background



Definition



Urology is a surgical specialty devoted to the study and treatment of disorders of the genitourinary tract of the male and the urinary tract of the female. The urologist surgically corrects acquired and congenital abnormalities and diagnoses and treats many medical disorders of the genitourinary tract.




Importance to other branches of medicine



1. Approximately 15% of patients initially presenting to a physician will have a urologic complaint or abnormality.


2. There is a wide overlap with other specialties, and urologists have frequent interaction with other physicians, including family practitioners, internists, pediatricians, geriatricians, endocrinologists, nephrologists, neurologists, obstetricians and gynecologists, and general, vascular, and trauma surgeons.


3. It is important that all physicians be aware of the specific diagnostic and therapeutic measures that are available within this specialty.







Urologic manifestations of disease



Direct



The most obvious manifestations of urologic disease are those signs and symptoms that are directly related to the urinary tract of the male and female or to the genitalia of the male. Hematuria and scrotal swelling are examples in this category.





Referred manifestations



1. Symptoms from the genitourinary tract may be referred to other areas within the genitourinary tract or to contiguous organ systems.


a. A stone in the kidney or upper ureter may produce ipsilateral testicular pain.


b. This same stone may be associated with symptoms of nausea and vomiting.


c. The gastrointestinal (GI) tract is probably the most common site to manifest symptoms from primary urologic problems. This is most probably due to the common innervation of these systems and the close direct relationship between the various component organs.


2. Primary urologic disorders may also be manifest in different organ systems and by seemingly unrelated signs and symptoms. Bone pain and pathologic fractures secondary to metastatic carcinoma arising in the genitourinary tract are examples.


3. Similarly, primary disease in other organ systems may result in secondary urologic signs and symptoms that initially lead the patient to the urologist. Diabetes may be detected by finding glucosuria in a patient presenting with frequency and nocturia. Other signs and symptoms mimicking urologic disease are related to inflammatory or neoplastic processes arising in the:


a. Lower lobes of the lungs


b. GI tract


c. Female internal genitalia




Systemic


Fever, weight loss, and malaise can be nonspecific systemic manifestations of acute and chronic inflammatory disorders, renal failure, and genitourinary carcinoma with or without metastases.




Asymptomatic


Localized or extensive disease may exist within the genitourinary tract without any signs or symptoms being manifest.


1. Renal calculi or neoplasms may be found during other examinations. Up to 60% of renal masses are detected incidentally.


2. Sixty percent of prostate cancers are detected secondary to prostate-specific antigen (PSA) elevations only without palpable abnormalities of the prostate.


3. Far-advanced renal deterioration may occur prior to the detection of silent reflux or obstruction.







History



Symptoms




1. A symptom is any departure from normal appearance, function, or sensation as experienced by the patient. Symptoms are reported to the physician or uncovered by careful history taking, with varying degrees of importance and/or significance attached to each symptom by both parties.


a. The chief complaint, history of the present illness, and past medical history are delineated in a standard fashion.


b. The character, onset, duration, and progression of the symptom are carefully defined. It is important to note what factors exacerbate or ameliorate the problem.


2. Urologic symptoms are generally related to:


a. Pain and discomfort


b. Alterations of micturition


c. Changes in the gross appearance of the urine


d. Abnormal appearance and/or function of the external genitalia




Pain



1. Pain within the genitourinary tract generally arises from distention or inflammation of a part or parts of the genitourinary system. Pain can be experienced directly in the involved organ or referred as noted previously. Referred pain is a relatively common symptom of genitourinary disease.


2. Renal pain


a. The kidney and its capsule are innervated by sensory fibers traveling to the T10-L1 aspect of the spinal cord.


b. The etiology of renal pain may be due either to capsular distention or inflammation or to distention of the renal collecting system.


c. Renal pain can be a dull, aching sensation felt primarily in the area of the costovertebral angle or pain of a sharp, colicky nature felt in the area of the flank, with radiation around the abdomen into the groin and ipsilateral testicle or labium. The latter is due to the common innervation.


d. The nature of the primary disease process within the kidney often determines the type of sensation that is experienced and depends on the degree and rapidity of capsular and/or collecting system distention.


3. Ureteral pain


a. The upper ureter is innervated in a similar fashion to that for the kidney. Therefore upper ureteral pain has a similar distribution to that of renal pain.


b. The lower ureter, however, sends sensory fibers to the cord through ganglia subserving the major pelvic organs. Therefore pain derived from the lower ureter is generally felt in the suprapubic area, bladder, penis, or urethra.


c. The most common etiologic mechanism for ureteral pain is sudden obstruction and ureteral distention.


d. Acute renal and ureteral colic are among the most severe types of pain known to humankind.


4. Bladder pain


a. Pain within the bladder may be derived from retention of urine with overdistention or from inflammatory processes.


b. The pain of overdistention is generally felt within the suprapubic area, resulting in severe local discomfort.


c. The pain due to bladder inflammation is generally felt as a sharp, burning pain that is often referred to the tip of the penile urethra in males and the entire urethra in females.


5. Prostate pain


a. Sensory fibers from the prostate mostly enter the sacral aspect of the spinal cord.


b. Prostate pain is most commonly due to acute inflammation and is generally perceived as discomfort in the lower back, rectum, and perineum.


c. Irritative symptoms arising from the bladder may overshadow the purely prostate symptoms.


6. Penile pain


a. Penile and urethral pain are generally directly related to a site of inflammation.


7. Scrotal pain


a. Pain within the scrotum generally arises from disorders of the testis and/or epididymis.


b. The most common etiologic factors include trauma, torsion of the spermatic cord, torsion of the appendix testis or appendix epididymis, and acute inflammation, particularly epididymitis. The pain in these cases is generally of rapid onset, if not sudden, and severe in nature.


c. Hydroceles, varicoceles, and testicular tumors can also be associated with scrotal discomfort but are generally of a more insidious nature and less severe in most cases.




Alterations of micturition



1. Definitions and problems


a. Specific terms have been developed to describe alterations related to the act of micturition. This section defines a variety of these terms.


b. It must be emphasized that a variety of disease processes can result in similar symptoms at the level of the lower urinary tract, and although these terms are used to describe specific symptoms in this area, they do not necessarily pertain to specific etiologies.


2. Changes in urine volume


a. Anuria and oliguria are terms that refer to the varying degrees of decreased urinary output that may be secondary to prerenal, renal, or postrenal factors. In all cases, it is essential to rule out urethral and/or ureteral obstruction as postrenal causes for these problems.


b. Polyuria refers to an increase in the volume of urine excreted on a daily basis. The etiologic mechanisms include increased fluid intake, exogenous or endogenous diuretics, and abnormal states of central or peripheral osmoregulation.


3. Irritative symptoms


a. Dysuria is a term that refers simply to painful or difficult urination. The burning sensation that occurs during micturition associated with either bladder, urethral, or prostatic inflammation is generally used synonymously. This discomfort is generally felt in the entire urethra in females and in the distal urethra in males.


b. Strangury is a subtype of dysuria in which intense discomfort accompanies frequent voiding of small amounts of urine.


c. Frequency refers to the increased number of times one feels the need to urinate. This can be secondary to a true decrease in bladder capacity from a loss of elasticity or edema due to inflammation, or it can be secondary to a decrease in the effective bladder capacity due to a failure of the bladder to empty completely with persistence of a large amount of residual urine.


d. Nocturia is essentially the nighttime equivalent of urinary frequency, that is, a decreased real or effective bladder capacity forces the patient to arise at night to urinate.


e. Nycturia refers to the excretion of larger volumes of urine at night than during the day and is secondary to mobilization of dependent fluid that accumulated when the patient was in the upright position. Nycturia can result in nocturia even in the presence of a normal bladder capacity if large quantities of fluid are mobilized.


f. Urgency refers to the sudden, severe urge to void that may or may not be controllable.


g. The irritative symptoms noted previously are most commonly associated with inflammation of the lower urinary tract, that is, bladder and prostate. Acute bacterial infections probably represent the most common etiologic mechanism. It should be noted, however, that the irritative symptoms may be secondary to the presence of a foreign body, nonspecific inflammation, radiation therapy or chemotherapy, neoplasms, and neurogenic bladder dysfunction.


h. The term overactive bladder refers to the symptoms of frequency and urgency, with or without urge or reflex incontinence, in the absence of local pathologic or metabolic factors that would account for these symptoms. The urodynamic-based definition of overactive bladder requires the demonstration of involuntary bladder contractions.


4. Bladder outlet obstructive symptoms


a. Hesitancy refers to the prolonged interval necessary to voluntarily initiate the urinary stream.


b. Straining refers to the need to increase intraabdominal pressure to initiate voiding.


c. Decreased force and caliber of the urinary stream refer to the physical changes of the urinary stream that may be noted due to increased urethral resistance.


d. Terminal dribbling refers to the prolonged dribbling of urine from the meatus after the completion of micturition.


e. Sense of residual urine is the complaint of a sensation of incomplete emptying of the bladder that the patient recognizes after micturition.


f. Prostatism. All of the previous symptoms may be noted with any type of bladder outlet obstruction, that is, secondary to benign prostatic hypertrophy (BPH), prostate carcinoma, or urethral stricture disease. The most common cause of these symptoms, however, is benign prostatic enlargement, and hence this complex of symptoms has often been referred to as prostatism.


g. Urinary retention. Acute urinary retention may be associated with severe suprapubic discomfort. Alternatively, the chronic retention of urine within the bladder may occur on a gradual basis due to progressive obstruction and bladder decompensation, and large amounts of urine may be retained with minor changes in symptomatology.


h. Interruption of the urinary stream. Sudden painful interruption of the urinary stream can be secondary to the presence of a bladder calculus that ball valves into the bladder neck, causing abrupt blockage of the urinary flow.


i. Bifurcation of the urinary stream. The symptom of a double stream or spraying of the urinary stream can be secondary to urethral stricture disease or can occur intermittently without any obvious pathology.


5. Incontinence


a. True or total incontinence occurs when constant dribbling of urine comes from the bladder. It may be due to the configuration of the bladder, such as with extrophy or epispadias, to ectopia of the ureteral orifices distal to the bladder neck in females, or to a fistula, usually between the bladder and the vagina. The most common cause, however, is secondary to injury to the sphincter mechanisms of the bladder neck and urethra due to trauma, surgery, or childbirth. Neurogenic disorders affecting the bladder outlet can also have similar effects.


b. False or overflow incontinence is seen with total bladder decompensation in which the bladder acts as a fixed reservoir and the only outflow of urine is an overflow phenomenon with constant dribbling through the bladder outlet.


c. Urgency incontinence results when the sensation of urgency becomes so severe that involuntary bladder emptying occurs. This is commonly secondary to severe inflammation of the urinary bladder. This type of incontinence can also be due to involuntary bladder contractions without inflammation (see definition of overactive bladder on Page 6).


d. Stress incontinence is secondary to distortion of the normal anatomic relationship between the bladder and the urethra such that sudden increases in intraabdominal pressure (laughing, straining) are transmitted unequally to the bladder and the urethra, resulting in elevated bladder pressure without a concomitant rise in urethral pressure. Most commonly, this is related to laxity of the pelvic floor, particularly following childbirth, but it may also be noted in women who have not had children. It is also a frequent sequel of radical prostatectomy surgery for prostate cancer.


e. It is important to differentiate the various types of incontinence because each is treated differently. Historical factors are very important in separating these different entities.


6. Enuresis refers to involuntary urination and bed-wetting that occurs during sleep.


7. Quantification of voiding symptoms


a. The AUA Symptom Index (internationally known as the IPSS) is a self-administered questionnaire consisting of seven questions relating to symptoms of lower urinary tract voiding dysfunction (Table 1-1). The IPSS includes a quality-of-life question to assess the degree of bother experienced by the patient.





Table 1-1


The AUA Symptom Index




	Question
	Not at All
	Less Than 1 Time in 5
	Less Than Half the Time
	About Half the Time
	More Than Half the Time
	Almost Always




	1. During the last month or so, how often have you had a sensation of not emptying your bladder completely after you finished urinating?
	0
	1
	2
	3
	4
	5



	2. During the last month or so, how often have you had to urinate again less than 2 hours after you finished urinating?
	0
	1
	2
	3
	4
	5



	3. During the last month or so, how often have you found you stopped and started again several times when you urinated?
	0
	1
	2
	3
	4
	5



	4. During the last month or so, how often have you found it difficult to postpone urination?
	0
	1
	2
	3
	4
	5




	5. During the last month or so, how often have you had a weak urinary stream?
	0
	1
	2
	3
	4
	5



	6. During the last month or so, how often have you had to push or strain to begin urination?
	0
	1
	2
	3
	4
	5



	7. During the last month, how many times did you most typically get up to urinate from the time you went to bed at night until the time you got up in the morning?
	None
0
	1 time
1
	2 times
2
	3 times
3
	4 times
4
	5 or more times
5



	AUA symptoms score = sum of questions 1 to 7.
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b. Symptoms are classified as mild (0-7), moderate (8-19), or severe (20-35).


c. The symptom score is an integral part of the clinical practice guidelines for treatment planning and follow-up for BPH management.


d. The symptom score is not specific for or diagnostic of BPH. It can be used in men and women for general assessment of voiding symptoms.




Changes in the gross appearance of the urine



1. Cloudy urine


a. Cloudy urine is most commonly due to the benign process of precipitation of phosphates in an alkaline urine (phosphaturia). This may be noted after meals or after consumption of large quantities of milk and is generally intermittent in nature. Patients are otherwise asymptomatic. Acidification of the urine with acetic acid at the time of urinalysis causes prompt clearing of the specimen.


b. Pyuria refers to the finding of large quantities of white blood cells that cause urine to have a cloudy appearance. Microscopic examination of the urine sample will demonstrate the inflammatory nature that is usually secondary to an infection.


c. Chyluria refers to the presence of lymph fluid mixed with the urine. It is an unusual cause of cloudy urine.


2. Pneumaturia refers to the passage of gas along with urine while voiding. There may be associated pyuria or frank fecal contamination of the urine, as this phenomenon is almost exclusively due to the presence of a fistula between the GI and urinary tracts. On occasion, the presence of a gas-forming infection within the urinary tract can produce similar symptoms, although this is very unusual.


3. Hematuria


a. The passage of bloody urine is always alarming, and generally the patient makes a prompt visit to the physician. Investigation is always warranted, including a properly performed urinalysis to be certain that the red discoloration of the urine is indeed secondary to the presence of blood. For a differential diagnosis of the causes of red urine, see Page 12.


b. Although hematuria is always a danger signal, a clue to its significance may lie in whether there is associated pain or whether the bleeding is essentially painless. Pain that occurs in association with cystitis or passage of a urinary tract calculus may indicate that the bleeding is in fact benign in nature. Painless hematuria, however, is always believed to be secondary to a urinary tract neoplasm until proven otherwise. This differentiation is not infallible, and therefore all urinary tract bleeding warrants investigation to be certain that there is not an associated neoplasm in addition to the more obvious cause for painful bleeding.


c. The probable site of bleeding within the urinary tract may be ascertained by determining whether the bleeding is initial (at the beginning of the stream only), terminal (at the end of the stream only), or total (throughout the entire stream). Initial hematuria generally indicates some type of anterior urethral bleeding that is flushed out by the initial passage of the bladder urine through the urethra. Terminal hematuria is often secondary to posterior urethral, bladder neck, or trigone bleeding and is noted when the bladder finally compresses these areas at the end of micturition. Total hematuria indicates that the bleeding occurs at the level of the bladder or above, such that all of the urine is mixed with blood and is therefore bloody throughout the entire stream.


4. Colored urine may result from a variety of foods, medications, and medical disorders. The colors may range from almost clear to black, with all other colors of the spectrum noted in between. (See Table 1-2 for common causes of colorful urine.)





Table 1-2


Common Causes of Colorful Urine



	Colorless
	Very dilute urine
Overhydration



	Cloudy/milky
	Phosphaturia
Pyuria
Chyluria



	Red
	Hematuria
Hemoglobin/myoglobinuria
Anthocyanin in beets and blackberries
Chronic lead and mercury poisoning
Phenolphthalein (in bowel evacuants)
Phenothiazines (Compazine, etc.)
Rifampin



	Orange
	Dehydration
Phenazopyridine (Pyridium)
Sulfasalazine (Azulfidine)



	Yellow
	Normal
Phenacetin
Riboflavin



	Green-blue
	Biliverdin
Indicanuria (tryptophan indole metabolites)
Amitriptyline (Elavil)
Indigo carmine
Methylene blue
Phenols (IV cimetidine [Tagamet], IV promethazine [Phenergan], etc.)
Resorcinol
Triamterene (Dyrenium)



	Brown
	Urobilinogen
Porphyria
Aloe, fava beans, and rhubarb
Chloroquine and primaquine
Furazolidone (Furoxone)
Metronidazole (Flagyl)
Nitrofurantoin (Furadantin)



	Brown-black
	Alcaptonuria (homogentisic acid)
Hemorrhage
Melanin
Tyrosinosis (hydroxyphenylpyruvic acid)
Cascara, senna (laxatives)
Methocarbamol (Robaxin)
Methyldopa (Aldomet)
Sorbitol









Abnormal appearance and function of the male external genitalia



1. Sexual dysfunction


2. Infertility


3. Penile problems


a. Cutaneous lesions. A variety of exophytic and ulcerative lesions may be noted by the patient. The relationship of the onset of these lesions to recent sexual activity should be explored. The physical characteristics of these lesions should be noted at the time of physical examination. The combination of historical and physical factors and associated physical findings such as adenopathy will provide a working diagnosis for the treatment of these lesions.


b. Penile curvature. Bending of the penis, particularly during erection, is noted in association with scarring and fibrosis of the tunica albuginea. These plaque-like structures may be noted on physical examination. The process is essentially idiopathic and has been referred to as Peyronie disease. Congenital curvature is usually in a ventral direction and is not associated with fibrosis or formation of a plaque.


c. Urethral discharge. The character of the urethral discharge and its onset in relation to sexual activity should be described. The presence of the discharge should be confirmed on physical examination, a microscopic examination performed, and a culture obtained.


d. Bloody ejaculate. Like hematuria, this is also a frightening experience that usually causes the patient to seek prompt attention. This problem, however, is generally secondary to benign congestion and/or inflammation of the seminal vesicles. The process is usually self-limited or treatable with antibiotics and does not initially require an extensive evaluation.


4. Scrotal problems


a. Cutaneous lesions. The hair-bearing skin of the scrotum is susceptible to skin diseases that can occur anywhere else on the body. Fungal infections and venereal warts may also be noted commonly.


b. Scrotal swelling and masses. The presence of scrotal swelling and/or a scrotal mass may be noted incidentally by the patient while bathing or performing a self-examination or due to the presence of associated discomfort. A variety of lesions can produce unilateral or bilateral scrotal enlargement. These range from normal structures that are misinterpreted by the patient to testicular neoplasms. The differential diagnosis is as noted in the box below. A combination of historical information, particularly with regard to onset of the mass, progression, and associated pain, and the physical examination is helpful in differentiating some of the more confusing lesions.




Differential Diagnosis







	Scrotal Swelling


	Structure Involved
	Pathology





	Scrotal wall
	Hematoma
Urinary extravasation
Edema from cardiac, hepatic, or renal failure



	Testis
	Carcinoma
Torsion of testes or appendix testis



	Epididymis
	Epididymitis
Tumor
Torsion of appendix epididymis



	Spermatic cord
	Hydrocele surrounding testis of involving cord only 
Hematocele 
Hernia 
Varicocele 
Lipoma
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The physical examination



General information




1. The problems delineated in the history will determine how extensive the physical examination should be. A complete physical examination is obviously necessary for someone who will undergo some type of urologic surgery; in most instances, however, a limited examination of the genitourinary tract is usually sufficient at the time of the initial examination.


2. The commonly taught techniques of physical examination, including inspection, palpation, percussion, and auscultation, are also used during the urologic examination. Each has varying degrees of usefulness, depending on the organ being evaluated. Particular aspects of the physical examination will be noted later.




Kidneys and flanks



1. Inspection. Inspection of the flanks is best carried out with the patient in the sitting or standing position facing straight ahead and the examiner located behind the patient facing the area in question. Scoliosis may be evident in the patient with an inflammatory process directly or indirectly involving the psoas muscle with resultant spasm. Bulging of the flank may be noted if an underlying mass exists, although this is evident in most cases only if the mass is extremely large or the patient is very thin. Edema of the flank may be noted if there is an underlying inflammatory process.


2. Palpation and percussion. A method of bimanual renal palpation has been described with the patient in the supine position (Figure 1-1). The examiner lifts the flank by placing one hand beneath this area and subsequently palpates deeply beneath the ipsilateral costal margin anteriorly. This technique is successful in children and thin adults but generally yields little information under most other circumstances. A large mass may be palpable. Percussion is a useful technique, particularly in the area of the costovertebral angle, to elicit tenderness due to underlying capsular inflammation or distention (Figure 1-2).
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Figure 1-1 With the patient in the supine position, one hand is used to raise the flank while the abdominal hand palpates deeply beneath the costal margin. (From Van Arsdalen K: Signs and symptoms: The initial examination. In Hanno P, et al: Clinical manual of urology, New York, 2001, McGraw-Hill, Fig. 2-1.)
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Figure 1-2 Gentle percussion with the heel of the hand in the angle between the lumbar vertebrae and the twelfth rib is useful in eliciting underlying tenderness due to obstruction or inflammation. (From Van Arsdalen K: Signs and symptoms: the initial examination. In Hanno P, et al: Clinical manual of urology. New York, 2001, McGraw-Hill, Fig. 2-2.)






3. Auscultation. This technique is particularly useful in evaluating patients with possible renovascular hypertension. An underlying bruit may be noted in the area of the costovertebral angle due to renal artery stenosis, aneurysm formation, or arteriovenous malformation.


4. Transillumination. This technique, which may differentiate a solid from a cystic mass in neonates or infants, has largely been replaced by ultrasonography, which defines these lesions much more clearly.




Abdomen and bladder



1. Inspection. The abdominal and bladder examinations are best carried out with the patient in the supine position. The full or overdistended bladder may be visible on general inspection of the abdomen with the patient in this position.


2. Palpation and percussion. It is generally possible to palpate or percuss the bladder above the level of the symphysis pubis if it contains 150 mL or more of urine (Figure 1-3). It should be remembered that in the child, the bladder may be percussible or palpable with much smaller volumes of urine due to the fact that it is more of an intraabdominal organ in the child than the true pelvic organ it is in the adult.
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Figure 1-3 Percussion over the bladder may be particularly useful when palpation is difficult due either to obesity or failure of the patient to relax during the examination. The bladder may be percussed if it contains greater than 150 mL of urine in the adult. (From Van Arsdalen K: Signs and symptoms: the initial examination. In Hanno P, et al: Clinical manual of urology. New York, 2001, McGraw-Hill, Fig. 2-3.)








Penis



1. Inspection. Inspection of the penis will reveal obvious lesions of the skin and will define whether the patient has been circumcised. If the patient has been circumcised, the glans penis and meatus can be inspected directly. In the uncircumcised patient, the foreskin, glans, and meatus should then be inspected. The number and position of ulcerative and/or exophytic lesions should be noted if they are present. The position and size of the urinary meatus should be defined.


a. Foreskin. Phimosis is present when the orifice of the foreskin is constricted preventing retraction of the foreskin over the glans. Paraphimosis is present when the foreskin, once retracted over the glans, cannot be replaced to its normal position covering the glans.


b. Penile meatus. The normal meatus should be located at the tip of the glans. Hypospadias is present when the meatus opens anywhere along the ventral aspect of the penis or in the perineum. Epispadias is present when the meatus is located on the dorsal aspect of the penis.


2. Palpation. Palpation of the penile shaft is important to identify and define the limits of areas of fibrous induration that may be found in patients with Peyronie disease who complain of penile curvature during erection. The urethra should also be palpated for areas of induration that may be associated with periurethritis and urethral stricture disease. The urethra can also be “stripped” from the penile-scrotal junction toward the meatus to look for a urethral discharge that can then be collected for microscopic examination and culture.




Scrotum and scrotal contents



1. Inspection. The inspection of the scrotum and the remainder of this portion of the physical examination are best carried out with the patient initially in the standing position. Lesions of the scrotal skin are readily evident in this position. The examiner also generally notes that if two testicles are present, one usually hangs lower than the other. In most cases, the left testicle is lower than the right. In cases of congenital absence or failure of descent of one or both testicles, the involved side may demonstrate hypoplastic scrotal development. It is always important to note the presence or absence of the testes. Scrotal masses and the “bag of worms” appearance of an underlying large varicocele may be identified on initial inspection.


2. Palpation. The contents of each hemiscrotum should be palpated in an orderly fashion. First, the testes should be examined, then the epididymides, then the cord structures, and finally the area of the external inguinal ring to check for the presence of an inguinal hernia (Figure 1-4).


a. Each testis should be in the dependent portion of the scrotum when the patient is relaxed and in a warm environment. The long axis of the testicle should be in a vertical direction, and the size of the testis should normally be greater than or equal to 4 cm in adult males.


b. Each epididymis is adherent to the posterolateral aspect of the testicle. The head of the epididymis is noted to be near the superior pole of the testicle, the body of the epididymis is near the middle portion of the testicle, and the tail of the epididymis represents the most inferior aspect of this structure. The examiner should palpate each portion of the epididymis, looking primarily for areas of tenderness or induration.


c. The spermatic cord varies somewhat in thickness, and often this depends on the presence or absence of what has been termed a lipoma of the cord. The examiner should be particularly attentive to the presence or absence of enlarged venous structures (i.e., a varicocele). If a varicocele is detected, the patient should also be examined in the supine position to be certain that the varicocele decompresses. If it does not, one must suspect inferior vena cava or renal vein obstruction. Changes in the size of the cord between the standing and the supine positions or when using the Valsalva maneuver with the patient in the upright position indicate the presence of a small varicocele. The vas deferens should be palpated. This structure normally has the thickness of a pencil lead and has a distinct, smooth firmness.


d. Finally, with the patient in the standing position, palpation of the inguinal canal may be carried out. Increasing intraabdominal pressure by asking the patient to cough or by using the Valsalva maneuver will help to define the presence of an inguinal hernia.
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Figure 1-4 Palpation of the scrotal contents should be carried out in an orderly, routine fashion. One should begin palpating the testes, followed by the epididymides, the cord structures, and finally the external rings. Palpating each structure from side to side is useful for detecting differences in testicular size and identifying varicoceles. All of the scrotal structures may be examined between the thumb and the index and middle fingers. (From Van Arsdalen K: Signs and symptoms: the initial examination. In Hanno P, et al: Clinical manual of urology.New York, 2001, McGraw-Hill, Fig. 2-4.)






3. Abnormal scrotal masses and transillumination (Figures 1-5 and 1-6).


a. The presence of an abnormal mass within the scrotum is best defined by careful palpation. It should be noted whether the mass arises from the testicle, is contained within the testicle, arises from the epididymis, is located in the cord, or tends to surround most of the scrotal structures. It is important to note the character of the mass, that is, whether it is hard, firm, or cystic in nature.


b. All scrotal masses should be transilluminated, and this can be accomplished with a small penlight. Any mass that radiates a reddish glow of light through the lesion represents a cystic, fluid-filled structure. Caution is advised in defining the benignity of these lesions, however, in that benign and malignant lesions can coexist. A hydrocele surrounding a testicular tumor is an example.


c. See the box below for a differential diagnosis of scrotal masses.
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Figure 1-5 A variety of fluid-filled masses develops within the scrotum. Hydroceles and spermatoceles (and occasionally bowel in the hernia sac) will transilluminate. Hydrocele fluid is contained within the tunica vaginalis and essentially surrounds the testicle. A spermatocele generally occurs above or adjacent to the upper pole of the testis and represents a cyst of the rete testis or epididymis. A hematocele is a collection of blood within the tunica vaginalis due usually to trauma or surgery. Occasionally bleeding will occur spontaneously that is associated with bleeding disorders. A varicocele represents dilated veins of the pampiniform plexus. Hematoceles and varicoceles will not transilluminate. (From Van Arsdalen K: Signs and symptoms: the initial examination. In Hanno P, et al: Clinical manual of urology. New York, 2001, McGraw-Hill, Fig. 2-5.)
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Figure 1-6 Solid scrotal masses may be painful or painless and may involve the testis, epididymis, or both. (From Van Arsdalen K: Signs and symptoms: the initial examination. In Hanno P, et al: Clinical Manual of Urology. New York, 2001, McGraw-Hill, Fig. 2-6.)








Differential Diagnosis







	Scrotal Discomfort and Solid Mass Lesions


	
	Torsion
	Epididymitis
	Tumor





	Age
	Birth to 20 years
	Puberty to old age
	15 to 35 years


	Pain


	Onset
	Sudden
	Rapid
	Gradual



	Degree
	Severe
	Increasing severity
	Mild or absent



	Nausea/vomiting
	Yes
	No
	No


	Examination


	Testis
Epididymis
	Swollen together and both tender
	Normal early
Swollen, tender
	Mass
Normal



	Spermatic cord
	Shortened
	Thickened, often tender as high as inguinal canal
	



	Urinalysis
	Normal
	Often infection
	Normal
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The rectum and prostate



1. Position. Various positions have been described for performing a digital rectal examination (DRE). Having the patient lie on the examining table in the lateral decubitus position with the legs flexed at the hips and knees and the uppermost leg pulled higher toward the chest than the lowermost leg creates a comfortable position for the patient and the examiner (Figure 1-7). Alternatively, the patient can bend over the examining table while in the standing position so that the weight of his upper body rests on his elbows. The lateral decubitus position typically allows for deeper penetration of the rectum to feel the prostate in obese patients or to feel the top of large glands. Probably more important than the position, however, is that the gloved examining finger be adequately lubricated and slow, gentle pressure be applied as the finger traverses the anal sphincter. A rectal examination can be an extremely painful or a painless experience, depending on the skill and patience of the examiner. It is important at the time of the examination, not only to palpate the prostate gland, but to palpate the entire inside of the rectum in search of other abnormalities.
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Figure 1-7 Two positions are illustrated for performing the digital rectal examination (DRE). (From Van Arsdalen K: Signs and symptoms: the initial examination. In Hanno P, et al: Clinical manual of urology. New York, 2001, McGraw-Hill, Fig. 2-7.)






2. Prostate. During the rectal examination, the posterior aspect of the prostate is palpated (Figure 1-8). The significance of this part of the general physical examination cannot be overemphasized. Most types of prostate carcinoma begin in the posterior lobe of the prostate, which is very accessible to the examining finger.


a. The prostate gland is normally a small, walnut-sized structure with a flattened, heart-shaped configuration. A median furrow runs down the longitudinal axis of the prostate. There are two lateral sulci, where the rectal mucosa folds back on itself after reflecting off the prostate. The consistency of the normal prostate is generally described as “rubbery” in nature and has been likened to the consistency of the thenar eminence when one opposes the thumb and fifth finger.


b. Abnormal consistency of the prostate may be noted on rectal examination and includes nodular abnormalities that can be raised or within the substance of the prostate, areas of induration that can suggest malignancy, or areas of bogginess or fluctuance that can be associated with abscess formation.


c. Prostatic massage can be carried out to express prostatic secretions into the urethral lumen. These secretions may then be collected directly if they happen to drain through the penile meatus or by having the patient void a small amount of urine directly into a container immediately following the massage. Prostatic massage is generally carried out in a methodical fashion to strip the entire gland from a lateral to a medial aspect bilaterally.
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Figure 1-8 The posterior aspect of the prostate is palpable on rectal examination. The surface is normally smooth, rubbery, and approximately 4 x 4 cm in size. The median furrow may be lost with diffuse enlargement of the gland, and the lateral sulci may be either accentuated or obscured. Deviations from normal contour, consistency, or size should be carefully described. Stating that an area is “hard” implies the presence of carcinoma. The seminal vesicles are not normally palpable. Remember: Check the entire rectum. Do not miss an occult rectal carcinoma. (From Smith DR, General urology, ed 11, New York, 1984, McGraw-Hill.)






3. Seminal vesicles. Under normal conditions, the seminal vesicles are not palpable. They can become evident on a rectal examination, however, if they are enlarged due to obstruction or inflammation.





The vaginal examination



1. Inspection. The vaginal examination is best performed with the patient in the relaxed lithotomy position. Inspection of the vulva may reveal a variety of venereal and nonvenereal lesions. The urinary meatus should be identified and its position and size noted. An erythematous tender lesion arising from the meatus may represent a benign urethral caruncle or possibly a urethral carcinoma. The character of the vaginal mucosa at the introitus should be noted. The examiner may also note the presence of a cystocele or a rectocele while examining the patient in this position. These structures may be accentuated with increases in intraabdominal pressure such as those that occur with coughing or straining. In fact, this maneuver may elicit some leakage of urine in patients with stress urinary incontinence.


2. Palpation. Palpation of the urethra to the level of the bladder neck and trigone may be accomplished during examination of the anterior vaginal wall. Bimanual palpation is useful to define the internal genitalia and to define further the size and consistency of the urinary bladder.







The urinalysis and culture



Collection



Proper collection and prompt examination of the urine are essential to gain the most information from the routinely collected specimen.


1. Males


a. A midstream urine collection is most commonly obtained in men for routine examination. With this technique, the male patient is instructed to retract the foreskin if he is uncircumcised and to gently cleanse the glans. He begins to urinate into the toilet, subsequently inserting a sterile glass container into the urinary stream to collect a urine sample. The container is then removed and the act of voiding is completed.


b. A variety of other collection techniques affords more information with regard to localization of infection within the urinary tract. Four such specimens may be obtained and analyzed separately by routine microscopic evaluation and culture techniques. These have been designated the VB-1, VB-2, EPS, and VB-3 specimens, according to Stamey. The VB-1 is the initial 5 to 10 mL of the stream, which contains bladder urine mixed with urethral contents that are initially washed from the urethra. The VB-2 specimen is essentially the midstream portion of the collection. The EPS specimen represents the expressed prostatic secretions following prostatic massage. Finally, the VB-3 specimen represents a small voided specimen that mixes bladder urine with the contents contained in the urethra immediately following the expression of prostatic secretions. This collection is particularly useful if inadequate amounts of secretion from the prostate are expressed during the prostatic massage. The value of these cultures for localization of urinary tract infection is that the VB-1 represents urethral flora, the VB-2 represents bladder flora, and the EPS and VB-3 represent prostatic flora.


2. Females


a. The midstream urine collection in females is somewhat more difficult to accomplish and is often considered to be inadequate for even the most routine examination. With this technique, the vulva is cleansed and the stream is initiated into the toilet with subsequent insertion of a collecting container as described previously for the male. If this specimen is grossly contaminated or appears infected, then one of the collection methods noted later may be necessary to differentiate these two possibilities. However, if the collection has been done with reasonable care and the specimen is essentially negative on microscopic examination, then this technique is generally considered adequate.


b. A more proper method of midstream urine collection has been described in which the patient is placed in the lithotomy position and then asked to void. The nurse holds the labia apart to prevent contamination and collects a midstream specimen. This is often awkward, if not difficult, for both the patient and the nurse, and this method of collection is not recommended.


c. If there is any question with regard to the problem of contamination versus infection of the midstream specimen as noted previously, then catheterization to obtain a true bladder specimen is the preferred technique. An examiner should not hesitate to use this method to properly categorize a patient’s problem.


3. Children


a. Percutaneous suprapubic aspiration of urine from neonates and infants is a particularly useful method of obtaining a truly uncontaminated specimen of urine from the bladder. With this technique, the suprapubic area is cleansed with an antiseptic solution and percutaneous aspiration is performed with a fine-gauge needle. The specimen can then be examined for urinalysis and sent for culture.


b. A variety of sterile plastic bags is available with adhesive collars that surround the male and female infant’s genitalia. They are particularly useful for routine screening urinalysis, but as with the collection of midstream specimens from women, it may be difficult at times to differentiate a truly infected urine specimen from a contaminated one due to this collection technique.


c. Older boys and girls may have urine collected in a fashion similar to that described previously for their adult counterparts. One is generally quite hesitant, however, to catheterize young boys due to the possibility of urethral trauma. It is easier and safer to perform this in girls and may be used if necessary.




Physical aspects of urine



1. Color. The color of urine is generally a clear, light yellow, but a wide range of colors has been described. The changes in color can be secondary to foods and medications and to intrinsic disease processes. Table 1-2 describes the etiologic factors in relationship to abnormal urine color.


2. pH. The normal pH of urine ranges from 4.5 to 8.0. Urine is described as having an acid pH if it ranges between 4.5 and 5.5. It has an alkaline pH if it ranges between 6.5 and 8.0.


3. Specific gravity. The specific gravity can be determined in the office by relatively simple techniques and gives some idea of the concentrating ability of the kidneys and their ability to excrete waste products. A variety of substances within the urine, such as intravenous contrast material, can detract from the value of this test. The osmolality of the urine is a better indicator of renal function but requires standard laboratory methods.




Dipstick tests



1. A variety of dipsticks is available to evaluate the urine sample. These consist of short plastic strips with small pads that are impregnated with a variety of reagents that react with abnormal substances within the urine.


2. In addition to determination of urinary pH, the most sophisticated dipsticks now contain reagents for the determination of the following:


a. Protein


b. Glucose


c. Ketones


d. Urobilinogen


e. Bilirubin


f. Blood


g. Hemoglobin


h. Leukocytes


i. Nitrites




Microscopic examination



1. A small portion of the collected urine sample is placed in a test tube and centrifuged at approximately 5000 rpm for 5 minutes. The supernate is then poured from the tube, and the remaining sediment is resuspended in the small quantity of urine that drains back down the side of the tube to the sediment. A drop of the resuspended sediment is placed on a glass slide followed by a cover slip.


2. The wet specimen is then examined under low and high power for the presence and number of epithelial cells, red blood cells, white blood cells, bacteria, and casts.




Urine culture



1. If a urine culture is desired, it should be promptly plated in the office or sent immediately to the laboratory to prevent overgrowth of bacteria and falsely elevated bacterial counts.


2. The value of localization cultures has been noted previously.







Blood tests



Panel 7 (or similar designation)




1. Serum electrolytes (Na, K, Cl, CO2) are useful indicators of maintenance of homeostasis for which the kidney plays a significant role.


2. Glucose levels in the serum may be variable relative to the presence of glucosuria.


a. Diabetes is a significant risk factor for voiding and sexual dysfunction.


3. Blood urea nitrogen (BUN) and creatinine are indicators of renal function.




PSA level



1. PSA is a protein kinase produced by the prostatic epithelium.


a. It is a normal component of the ejaculate responsible for liquification of the semen.


b. Normally found in very low levels in serum (0-4.0 ng/mL).


2. Causes of PSA elevation


a. Prostate cancer


b. BPH


c. Prostatitis (acute and chronic)


d. Instrumentation (catheterization, cystoscopy, biopsy)


e. Urinary retention


f. Vigorous prostatic massage, probably little elevation for routine DRE


3. PSA as a tumor marker


a. Limitations due to prostate organ specific but not cancer specific.


b. Substantial overlap of values for men with prostate cancer and benign conditions.


c. Absolute value greater than 10 ng/mL has more than 60% predictive risk of prostate cancer.


d. Sixty percent of current prostate cancer diagnoses are made due to an elevated PSA level.


e. Useful marker for following efficacy of treatment for prostate cancer.


4. Recommendations


a. One must be familiar with the guidelines and controversies for prostate cancer screening using PSA levels.







Instrumentation



General information



The instrumentation and procedures can be commonly performed in the office setting under local anesthesia. Some of these techniques, such as cystourethroscopy, placement of retrograde catheters, and biopsy of the prostate, may also be performed with regional or general anesthesia.




Urethral catheters



1. Straight catheters. The standard straight, red Robinson catheter is useful for office catheterization when an indwelling catheter is not warranted. It is useful for collecting relatively uncontaminated specimens directly from the bladder as noted previously.


2. Standard balloon or Foley catheter. This type of catheter has a double lumen that permits drainage of urine through the larger lumen and inflation of a balloon located at the tip of the catheter. This allows it to be retained within the urinary bladder. This type of catheter is useful following certain operative procedures on the urinary tract and for establishing temporary, constant urinary drainage, to monitor urine output, or for relief of bladder outlet obstruction. These catheters generally have 5- and 30-mL balloons, but the amount of water placed in these balloons is not precisely critical because each will hold significantly more than its stated volume.


3. Coudé catheters. Red Robinson catheters or balloon retention catheters may each be specially constructed to have a “coudé-tip configuration.” This is essentially a curved tip that allows passage of the catheter beyond certain urethral, prostatic, or bladder neck impediments that may preclude passage of a straight catheter due to impingement of the catheter tip on these lesions.


4. Three-way irrigation catheters. This type of catheter has a triple lumen that has an irrigation port, a drainage port, and a port for inflating the balloon used for retention of the catheter within the bladder. Three-way irrigation catheters are particularly useful following transurethral resection of the prostate and in cases of gross hematuria to irrigate the bladder and prevent formation and retention of clots.


5. Technique of catheter insertion. Insertion of a urethral catheter by the physician for either diagnostic or therapeutic reasons always involves sterile technique. Gloves should be applied and the glans and meatus of the male and the vulva and meatus of the female are then prepared with an antiseptic skin preparation solution. The catheter is then well-lubricated with sterile jelly and inserted gently into the meatus. Prior to inflation of the balloon, if a retention catheter is used, it must be certain that the tip of the catheter is within the urinary bladder and that urine is obtained. In cases in which urine does not flow freely from the end of the catheter, it is important to irrigate the catheter gently prior to inflation of the balloon to prevent inflation within the urethra. Hematuria and/or sepsis may be noted if this occurs. The catheter is then pulled gently to seat the balloon at the level of the bladder neck. It is then attached to a drainage bag with sterile technique.




Urethral sounds and filiforms and followers



1. General information. These two types of instruments are often used to evaluate the urethra in cases of urethral stricture disease or for other reasons that preclude passage of a urethral catheter. They may be used in both a diagnostic and therapeutic fashion by the skilled urologist who is familiar with their use.


2. Urethral sounds. These metal objects come in a variety of sizes and shapes. They must be passed carefully to prevent disruption of the lower urinary tract. They are never inserted with force and must pass smoothly into the urinary bladder, where rotation of the tip of the sound is confirmed with each passage.


3. Filiforms and followers. These instruments are also useful for establishing access to the urinary bladder and dilating urethral strictures. The tiny filiform aspect of this set is used to gain access initially to the urinary bladder. Once it is established that a filiform has passed easily into the bladder, a follower may be attached and passed as a unit into the bladder. With the use of serially larger followers, it is possible to dilate the urethra.


4. Flexible cystoscopy. This is more commonly used than blind techniques with the above instruments. Flexible cystoscopy is used to pass a guide wire over which serially larger dilators may be passed using a modification of the Seldinger technique.





Cystourethroscopy and associated techniques



1. Equipment


a. The standard rigid cystourethroscope consists of a sheath, bridge, and lighted telescope for visualization. An irrigation port is attached to the sheath that allows gravity-directed inflow of fluid to distend the urethra and bladder and aid in visualization. The bridge essentially attaches the telescope to the sheath and may contain a variety of working ports through which urethral catheters, biopsy forceps, and alligator forceps may be passed. The lighted telescopes generally have 30- and 70-degree viewing angles that allow complete inspection within the bladder.


b. Flexible cystoscopes, like flexible endoscopes for GI endoscopy and bronchoscopy, consist of many tiny fiberoptic bundles organized with a deflection mechanism to allow movement of the tip. The flexible scope has an advantage for male patient comfort in that it conforms to, rather than straightens, the natural curves of the lower urinary tract.


2. Technique of insertion


a. Males. Insertion of the cystourethroscope into the male is best performed under direct vision following antiseptic preparation and draping. The cystourethroscope is assembled and a flow of fluid is obtained. The instrument is then introduced into the meatus and passed under direct vision through the anterior urethra. Some narrowing and voluntary constriction of the external sphincter may be noted, but this is passed with slow, gentle pressure. With the patient in the lithotomy position, it is necessary to lower the eyepiece of the rigid scope to redirect the tip of the instrument beneath the symphysis pubis, through the prostate, and into the bladder. The bladder can then be emptied and inspected with both lenses. With the flexible cystoscope, the patient can remain supine and the tip directed by manipulation of the deflecting mechanism. Flexible cystoscopy can be performed at the bedside if necessary, such as in an intensive care unit (ICU) setting.


b. Females. The female patient is also placed in the lithotomy position. After proper cleansing and draping, the cystourethroscope can be inserted into the bladder either under direct vision or with the obturator in the cystoscope sheath, taking care to follow the course of the urethra that may be deviated due to associated pathology such as a cystocele. Once again, the bladder is inspected with both lenses and the urethra is inspected with the 30-degree lens.


3. Procedures


a. Inspection. In most cases, the urethra and bladder are merely inspected under local anesthesia with these endoscopic techniques in the office setting. This allows the urologist to ascertain the presence or absence of urethral pathology, degree of anatomic obstruction, and state of the bladder mucosa and underlying musculature. It is also possible to note the presence or absence of efflux from the ureteral orifices and to judge their location and configuration. At the time of inspection of the bladder, bladder urine can be obtained for culture or cytology. The bladder can also be washed by barbotage techniques and the washings sent for cytology.


b. Bladder biopsies. These may be taken under local anesthesia using cold cup biopsy forceps. Generally, however, there is some degree of associated discomfort, and, if biopsies are necessary, they are usually best performed under regional or general anesthesia to ensure an adequate specimen.


c. Retrograde ureteral catheterization. The placement of small (sizes 4 to 7 F) ureteral catheters may be performed without difficulty under local anesthesia. These catheters can be passed just within the ureteral orifice for retrograde injection of contrast or to the level of the kidney for relief of obstruction within the ureter, to obtain renal washings, or for the injection of contrast material for radiographic studies. They can be removed immediately or left temporarily in place.


d. A variety of resectoscopes and specialized endoscopes are available to perform more sophisticated procedures on the urethra, bladder, prostate, ureter, and kidney.




Ultrasound evaluation of the urinary tract



1. General information. Small, portable ultrasound machines are available from a number of manufacturers. These are increasingly being used in urologists’ offices and on hospital floors, in addition to radiology departments, to evaluate the urinary tract and to guide diagnostic procedures. Probes that have different frequencies and different configurations are designed to evaluate specific areas and aspects of the urinary tract.


2. Renal ultrasonography. The kidney can be evaluated for mass lesions, hydronephrosis, or the presence of stones or stone fragments.


3. Abdominal ultrasonography. Abdominal masses and the lower urinary tract, especially the bladder, can be imaged. Built-in computer programs allow computation of ultrasound-determined residual urine volumes. This makes a determination of bladder emptying possible without catheterization.


4. Ultrasonography of the external genitalia. This may be used to evaluate scrotal masses to determine whether they are cystic or solid and their relationship to the testicle and epididymis. Special Doppler probes are useful in evaluating penile blood flow in cases of erectile failure and in confirming the presence of venous reflux in suspected varicoceles.


5. Transvaginal ultrasonography. This may be useful in evaluating the lower urinary tract in cases of incontinence and voiding dysfunction.


6. Transrectal ultrasonography. This technique is most frequently used to evaluate the prostate relative to carcinoma, although it may also be used to evaluate the benign prostate with regard to size and to look for abnormalities in cases of ejaculatory dysfunction. At this time, the most common indication for transrectal ultrasonography of the prostate is for evaluation and needle localization for biopsy of the prostate. It must be emphasized that there are no specific ultrasonographic findings that definitely differentiate carcinoma of the prostate from benign lesions.




Percutaneous suprapubic cystostomy



1. In instances of urinary retention when it is not possible to traverse the urethra into the bladder, various types of percutaneous suprapubic tubes may be placed with or without ultrasound guidance.


2. Equipment


a. Percutaneous needle-guided catheters consist of a plastic drainage tube with a retention device (Malecot design or balloon) surrounding a sharpened metal trocar that is passed as a unit. These are typically smaller in caliber than the trocar-sheath devices described later.


b. A peel-away sheath around a metal or plastic trocar may be passed into the bladder. After removal of the trocar, up to a 16-F catheter can be advanced into the bladder and the balloon inflated. The peel-away configuration of the sheath allows it to be removed without dislodging or damaging the catheter.


3. Technique


a. The abdomen must be carefully examined for evidence of prior surgery or scars.


b. The bladder must be palpable or percussible.


c. With prior surgery or obesity, ultrasound examination of the suprapubic area should be performed.


d. The skin is anesthetized and a small incision is made, generally in the midline, two fingerbreadths above the pubis.


e. A spinal needle may be passed in the anticipated direction of the bladder to confirm the location of the bladder and the appropriate direction of the tract.


f. The needle catheter device or the trocar sheath device is then passed with fairly swift but gentle pressure directly posterior into the bladder. The trocar is removed, once urine is obtained, leaving either the retention device in place or allowing passage of a separate catheter as noted previously.




Needle biopsy of the prostate



1. General information. Needle biopsy techniques are the most accurate but not infallible means of determining whether a prostate nodule, other area of abnormality, or an elevated PSA is benign or malignant.


2. Techniques. The prostate can be sampled by either a transrectal or transperineal approach. To be accurate, the tip of the needle must enter the area of concern. Localization may be by digital direction but is now done almost exclusively by ultrasound guidance. Use of transrectal ultrasonography in combination with needles placed through a port in the probe has clearly improved the accuracy of this procedure and improved patient tolerance.


a. Spring-loaded, thin-core biopsy needles are available that may be passed directly through a channel or guide in the ultrasound probe such that the tip may be seen as it enters the lesion of concern. These cores are obtained for sectioning. Appropriate antibiotic coverage is necessary to minimize the risk of sepsis.


b. Skinny-needle aspiration obtains cells for cytologic evaluation and is well tolerated but lacks preservation of architecture and precise accuracy of sampling.





Summary


The surgical subspecialty of urology deals with a well-defined organ system within the body. The urologist diagnoses and treats a wide variety of medical and surgical disorders that may have local or systemic ramifications for the patient. The history, physical examination, and urinalysis serve as the cornerstones of the initial evaluation of these patients. In addition, a variety of unique diagnostic and therapeutic instruments are available for use in the office or outpatient setting to aid in caring for those with urologic diseases. The frequency with which these problems are seen by generalists and other specialists necessitates that all practitioners have some familiarity with this field.




Clinical Pearls


1. A stone in the kidney or upper ureter may produce ipsilateral testicular pain.


2. Pain derived from the lower ureter is generally felt in the suprapubic area, bladder, penis, or urethra.


3. Although hematuria is always a danger signal, a clue to its significance may lie in whether there is associated pain or whether the bleeding is essentially painless.


4. Congenital curvature is usually in a ventral direction and, unlike Peyronie’s disease, is not associated with fibrosis or formation of a plaque.
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Self-Assessment Questions


1. A primary irritative process in what structure may cause pain in the ipsilateral testicle?


2. What is the significance of painless versus painful hematuria?


3. Name four causes of scrotal swelling.


4. What is the difference between phimosis and paraphimosis?


5. What is the normal role of PSA in the semen?
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Chapter 2





Diagnostic and Interventional Uroradiology


Diagnostic Uroradiology



Parvati Ramchandani, MD



The imaging technique used to evaluate the urinary tract is dictated by the indication for which the diagnostic evaluation is being performed. Modalities currently in use include conventional abdominal plain-film radiography, ultrasonography (US), computed tomography (CT), magnetic resonance imaging (MRI), radionuclide studies, and newer techniques such as positron emission tomography (PET). In this chapter, the role of these different imaging modalities in the management of patients will be addressed.




Plain films (KUB plain radiography)


X-ray films are rarely used in the developed world, having been entirely replaced by digital imaging in the United States and much of the west. Computed radiograph of the abdomen is one term used for an x-ray examination of the abdomen (KUB — kidney ureters, and bladder) performed without intravenous contrast, although it is inaccurate as a digital image is technically not a radiograph. Radiation exposure for an abdominal radiograph is low and is approximately 0.53 millisieverts (mSv). For comparison purposes, radiation exposure from natural background radiation is about 3 mSv per year.




Indications


The primary indication for a radiograph of the abdomen is to assess for the presence of radiopaque calculi, assess the results of therapy for such calculi (shockwave lithotripsy or percutaneous techniques), and evaluate urinary stents for their position and complications such as encrustation.


As bowel content overlies the renal fossae in a patient who has not received a laxative preparation (the usual situation for a plain radiograph), small or faintly opaque stones may be hard to identify through the overlying bowel. The identification of calculi overlying the bony pelvis may also pose a challenge. Oblique images are often helpful in problem solving in such cases because the obliquity allows the kidney or ureter to be rotated off of the overlying bowel or bone and thus allow small calculi to become visible.





Intravenous urography


The intravenous urogram (IVU), also referred to as excretory urogram (EU) or intravenous pyelogram (IVP), was the basic diagnostic radiologic study to evaluate the upper urinary tract for many decades. Its role in the assessment of many urologic conditions is now very limited due to the advantages offered by cross-sectional imaging modalities. IVU requires intravenous injection of radiographic contrast medium, followed by a sequence of films. Radiation exposure for an IVU (6 images) is approximately 2.5 mSv.




Indications



1. Hematuria (macroscopic and microscopic)
IVU provides evaluation of both the renal parenchyma and the collecting system in patents with gross or microscopic hematuria. However, CT is indisputably more sensitive for detecting renal masses compared to an IVU; although large masses are identifiable on an IVU, it is well recognized that renal masses smaller than 2 cm are often missed on an IVU (Figure 2-1). CT urography (CTU) is sensitive in detecting urothelial abnormalities and is the study most commonly used for a complete assessment of the urinary tract in patients with a history of hematuria. CT is also more sensitive than IVU in detecting urolithiasis; both small stones, and those that are faintly opaque are often not detectable on an IVU (Figure 2-2).
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Figure 2-1 CT of renal cell carcinoma. A-B, Images from an IVU demonstrate large mass arising from the inferior aspect of the left kidney (arrows) on an IVU. In B, the mass is seen to cause displacement of the collecting system (arrows). C, CT scan of the same patient demonstrates the mass well. D, CT scan of a different patient shows a small, left, upper-pole renal mass, which was an incidental finding on a CT done for nonspecific abdominal pain. This small lesion would not have been detected on the IVU.
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Figure 2-2 Acute renal colic due to a right proximal ureteral calculus. A, CT scan demonstrates a large calculus in the proximal right ureter. The right nephrogram is delayed indicating that the obstruction is urodynamically significant. B, Abdominal film obtained immediately after the CT scan shows impaired drainage of the dilated right collecting system due to the stone. Although well seen on CT, the stone was nonopaque on plain abdominal radiographs. It is important to keep in mind that even radiopaque stones will not be visible in a collecting system that is filled with contrast.





2. Upper urinary tract surveillance in patients with a history of a urothelial malignancy, such as bladder cancer, or positive urine cytology (Figure 2-3)
As mentioned above, CTU has superseded IVU for this indication in clinical usage.
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Figure 2-3 IVU in a patient with bladder cancer undergoing upper tract evaluation. A, Nephrotomogram shows delayed excretion from the left kidney due to obstructing bladder tumor. B, Right collecting system and ureter are normal, but the left collecting system is not opacified yet; the delay in opacification is due to the obstruction caused by the bladder tumor, which is seen as asymmetry on the left side of the bladder. C, Fifteen minutes after contrast injection, the dilated left collecting system is just beginning to opacify. The left wall bladder tumor is clearly seen. However, it is important to note that IVU and cystography are insensitive in detection of bladder cancer.





3. Preoperative evaluation for select endourological procedures such as endopyelotomy
However, CT is increasingly being used even for this indication as 3D reconstructions can be performed with high spatial resolution, allowing display of the vascular structures and their relationship to the collecting system. Additionally, the collecting system can also be displayed in a manner similar to that seen on an IVU.


4. Postoperative evaluation following urologic procedures (Figure 2-4)
An IVU is often performed 6-8 weeks after a urologic procedure to assess the urinary tract for complications, such as clinically unsuspected obstruction, and to have a baseline postoperative examination.
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Figure 2-4 A, Follow-up IVU in a patient with retroperitoneal fibrosis who underwent ureterolysis and intraperitonealization. This prone film demonstrates residual fullness of the collecting systems, particularly on the left. The lateral bowing of the lumbar and sacral ureters is a characteristic finding after intraperitonization of the ureters. B, Preoperative IVU demonstrates hydronephrosis, more marked on the left, with normally positioned ureters.





5. Complicated or unusual urinary tract infections (including tuberculosis)


6. Stone disease
Patients who present with acute renal colic are best evaluated with noncontrast CT (no oral or intravenous contrast is necessary), which is acknowledged to be the most sensitive and specific study to exclude an obstructing ureteral calculus as the cause of the abdominal pain. This will be addressed further in the section on CT. IVUs are no longer performed in a patient with suspected renal colic because small and faintly opaque stones may not be discernible on an IVU, making it difficult to establish a conclusive diagnosis of stone-induced renal colic. Further, in patients with high-grade ureteral obstruction, it can take up to 24 hours for the collecting system and ureter to opacify densely enough to determine the level of ureteral obstruction. A limited IVU (two to three films obtained after contrast administration) was advocated for pregnant women with suspected urinary colic, but a low-dose CT or MRI is a preferable study in a pregnant woman presenting with abdominal pain.
IVU continues to have a role in the management of patients with known stone disease, to help assess what would be the best therapy for an individual patient, and in follow-up after treatment, with shockwave lithotripsy (SWL), ureteroscopy, or percutaneous methods (Box 2-1).




Box 2-1


Indications for Percutaneous Therapy for Stone Disease*


1. Size:


a. Large stones (> 2-2.5 cm)


b. Most staghorn calculi


2. Composition: Cystine calculi


3. Anatomical considerations:


a. Compromised urine drainage (includes ureteropelvic (UPJO) obstruction, ureteral strictures, stones in dependent calices, and stones in caliceal diverticula)


b. Abnormal body habitus (scoliosis, myelomeningocele)


c. Congenital abnormalities such as horseshoe kidneys, fusion anomalies


d. Postoperative states — urinary diversion, renal transplant


4. Miscellaneous indications:


a. Certain removal of all calculous material important (airline pilots)


b. Stones for which other treatment modalities have failed






* These clinical scenarios could also be considered to be contraindications for shockwave lithotripsy (SWL).








Radiographic iodinated contrast agents


Radiographic contrast media (CM) consist of three atoms of iodine attached to a benzene ring. In the developed world, newer nonionic agents that are either of low osmolarity (LOCM — low-osmolarity contrast medium) or of iso-osmolarity, are used for intravascular administration. Contrast agents used in the past were of high osmolarity (HOCM) and are referred to as ionic contrast agents. Multiple studies have shown that the frequency of reactions is lower with the LOCM as compared to the HOCM when given intravenously in both the general population and in patients at higher risk for contrast reaction.


The majority of injected contrast is excreted almost entirely by glomerular filtration. A small amount may be bound to serum albumin and is then excreted by the liver and biliary system and is known as vicarious excretion. Patients with renal insufficiency or obstruction frequently have vicarious excretion (Figure 2-5).
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Figure 2-5 Contrast-induced nephrotoxicity in patient with a solitary right kidney who received multiple contrast loads for cardiac catheterization. The left kidney was removed for benign disease many years ago. Noncontrast CT scan demonstrates that the right kidney has a dense, persistent nephrogram from contrast given 48 hours previously. Note vicarious excretion of contrast into the gall bladder (G). The abdominal aorta is aneurysmal.








Technique of IVU



1. Patient preparation
A thorough bowel preparation helps in optimal visualization of the urinary tract by eliminating obscuring fecal material in the bowel. Fluids are withheld overnight for better opacification of the collecting system and optimize renal concentration of the contrast medium. An empty stomach is also helpful in the event of vomiting after contrast administration, which is more common with the use of HOCM but can occur with LOCM as well.


2. A plain film of the abdomen (also known as scout film, preliminary film, KUB film, abdominal flat plate) is obtained.
This is an essential component of every radiographic examination of the genitourinary (GU) tract. Urinary tract calculi can be identified only on the KUB because most urinary calculi are obscured by excreted contrast, which has the same radiographic density as calculi. Important findings such as soft-tissue masses, calcifications, and bony changes will also be disclosed on the preliminary film.


3. Contrast administration
CM can be administered intravenously as a rapid bolus injection, slow, steady injection, or drip infusion. This is more often an individual preference rather than a matter of scientific selection. At our institution, patients receive 1 mL contrast per pound of body weight, to a maximum of 150 mL.


4. Imaging sequence (Figure 2-6)
Immediately after the contrast has been injected, nephrotomograms are made to visualize the renal parenchyma (nephrographic phase) and assess for renal masses. Within 3 minutes, contrast is usually visible in the collecting systems, and several images are taken to visualize the calyces, pelves, and ureters (pyelographic phase). Images of the bladder (often including a postvoiding film) conclude the examination.
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Figure 2-6 IVU in a young woman with microhematuria. A, Scout film demonstrates no abnormality. B, Selected nephrotomogram demonstrates no renal mass. Several nephrotomograms are required to demonstrate the kidneys in their entirety; not all are included here. C, Excretory phase demonstrates normal collecting systems but displacement of the left ureter (arrow), suggesting the presence of a retroperitoneal mass. D, Prevoid film of the bladder again demonstrates left ureteral displacement but no obstruction or bladder abnormality. E, Postvoid film demonstrates good emptying of the bladder. F, CT scan was recommended to evaluate the ureteral displacement and demonstrates a large retroperitoneal mass (arrow) which proved to be a schwannoma.







Contraindications



1. Preexisting renal insufficiency
The administration of intravenous contrast to patients with preexisting renal insufficiency places them at risk for worsening of their renal function (contrast-induced nephrotoxicity [CIN]). Diabetic patients with renal failure due to diabetic nephropathy are more vulnerable to this complication, and if CIN occurs, it may be irreversible in these patients. Thus in patients with preexisting renal insufficiency, radiologic evaluation of the urinary tract should consist of renal parenchymal evaluation with US or MRI and urothelial evaluation by a combination of cystoscopy (for urinary bladder assessment) and retrograde pyelography (to evaluate the urothelium of the pyelocalyceal systems and ureters). IVU is contraindicated in patients with renal insufficiency, as are other studies requiring parenteral administration of radiographic contrast.


2. Relative contraindications


a. Multiple consecutive contrast studies
Patients who receive closely repeated doses of intravenous contrast are at greater risk for CIN. This risk is greater than the combined risk of two random contrast examinations. It is best to separate any two studies requiring parenteral contrast administration by at least 24 hours and preferably by 48 hours, during which time the patient should be thoroughly hydrated (see Figure 2-5)


b. In patients with a documented allergic reaction to contrast such as urticaria (hives), cutaneous and subcutaneous edema (angioedema), upper airway (laryngeal) edema, bronchospasm, and hypotension with tachycardia, the indications for contrast administration should be carefully considered and other alternative studies performed, if possible.
If the decision to give contrast to such patients is made, premedication with corticosteroids and antihistamines is essential, and such patients should be given LOCM, as discussed above. One example of a premedication regimen in clinical use for an elective examination is prednisone 50 mg orally, given 12, 6, and 1 hour before the examination, and diphenhydramine 50 mg 1 hour before the examination, orally or by intramuscular injection. Patients have to be cautioned about the drowsiness that accompanies diphenhydramine administration and should not undertake activities such as driving or other dangerous tasks. For emergent contrast administration, 200 mg hydrocortisone is given intravenously immediately and then every 4 hours until the examination is complete.


c. Patients at increased risk for adverse reactions include those with a history of prior contrast reactions (four times increased risk), or a history of allergies or asthma (two to three times increased risk) as compared to patients who do not have such histories.
Premedicating such patients prior to contrast administration is prudent. Symptoms of nausea, vomiting, or sensation of heat after contrast administration are considered to be side effects of the contrast and not allergic reactions; such symptoms are much less common with LOCM than with high osmolar contrast media (HOCM). Shellfish allergy has no particular significance for contrast administration and is managed the same way as other noncontrast allergies (e.g., allergy to bee sting, penicillin, or peanuts).


d. Multiple myeloma was long considered a risk factor for CIN with the cause believed to be precipitation of protein-contrast aggregates in the renal tubules.
However, it is now acknowledged that myeloma does not increase the risk of CIN if the patient is well hydrated.


e. In patients with cardiac disease, contrast media administration can cause worsening of congestive heart failure due to the osmotic load.


f. Patients who are on metformin, an oral hypoglycemic agent (trade names Glucophage, Glucovance, Avandamet, and Metaglip) should discontinue the drug when they receive contrast and not resume taking their medication until their renal function is documented to be normal 48 hours after the contrast administration.
Although metformin itself does not have an adverse effect on renal function, patients who develop renal failure on the drug (possibly due to contrast administration or other causes) can rarely develop lactic acidosis that can be fatal.


g. Delayed reactions, defined as those occurring more than 1 hour after contrast administration, can be seen with all contrast agents; they occur in 0.5% to 23% of patients and tend to be skin reactions.







Retrograde pyeloureterography



Indications




1. To investigate lesions of the renal collecting system and ureter that cannot be adequately defined by IVU or CTU


2. To visualize the collecting systems and ureters when IVU is contraindicated (renal insufficiency or severe prior contrast reaction)


3. To demonstrate the collecting systems and ureters in their entirety when IVU or CTU fail to do so


4. To visualize the ureteral stump remaining after nephrectomy in a patient with hematuria, positive urinary cytology or history of urothelial cancer.




Contraindications



1. Untreated UTI


2. Patients who cannot or should not be cystoscoped (e.g., patients recovering from recent bladder or urethral surgery)




Techniques



1. Preliminary cystoscopy is required.


2. A ureteral orifice is identified and catheterized with a catheter, usually 5 French in size. The catheter is advanced to the renal pelvis, and contrast is instilled. The same contrast agents employed for IVU or CT are used for retrograde pyelography. To opacify the ureter alone, the ureteral orifice is occluded with a bulb occlusion catheter and contrast injected while a film is obtained.


3. Images — a preliminary image is essential to document the position of the retrograde catheters. After contrast injection, fluoroscopic images are obtained to delineate unopacified or poorly seen portions of the collecting system or ureter in question. If obstruction is suspected, an image is also obtained several minutes after removal of the ureteral catheter to evaluate the drainage of the collecting system (Figure 2-7).
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Figure 2-7 Retrograde pyelogram and the preliminary scout image. A, Bilateral catheters with tips in lumbar ureter at L3 level. Contrast injection through the left catheter. B, Normal left collecting system and ureter. Note the excellent depiction of the urothelium.





4. The use of fluoroscopy is an important adjunct to Retrograde pyeloureterography (RPG). In most hospital settings, however, this requires the placement of a ureteral catheter in the cystoscopy suite and the subsequent transport of the patient to the radiology department for catheter injection.


5. RPG may be impossible in some patients, such as those with very larger prostates, in whom the gland overlies the ureteral orifices, preventing proper catheter placement. At times, even though the orifice is identifiable, it may not be possible to catheterize it, such as may occur with tortuous ureters or after ureteral reimplantation in a native system or a renal transplant.


6. Radiation exposure with all fluoroscopic procedures varies with the equipment, size, and body habitus of patient, fluoroscopy times, and factors such as collimation and distance between x-ray source and the patient.




Complications



1. Perforation of the ureter is uncommon. When it does occur, there is usually no serious sequela. Contrast extravasation outside the collecting system does not usually result in any harm. In some cases of perforation associated with a large amount of urine leakage, diversion of urine with a ureteral stent may be required for a few weeks.


2. A too vigorous injection of contrast material in an infected urinary tract may disseminate bacteria into the bloodstream and kidney, causing bacteremia and rarely pyelonephritis. This risk increases in the presence of a urinary tract obstruction. Fortunately, the normal antegrade flow of urine is usually enough to wash out any bacteria that may have been introduced during the procedure. Patients usually receive prophylactic periprocedural antibiotics as well.


3. Absorption of contrast agent can occur if there is perforation of the collecting system or pyelosinus extravasation due to overdistention. In patients truly allergic to contrast media, the retrograde approach does not obviate a systemic contrast reaction, although reactions are much less common than after IV injection. Patients with a history of contrast allergy should receive premedication with corticosteroids and antihistamines.







Antegrade pyelography



Indications




1. To visualize the urothelium of the upper urinary tract when an IVU is unsatisfactory and RPG cannot be done


2. In patients with a history of urothelial malignancy and high-grade obstruction of a collecting system, an antegrade pyelogram may be the only way to evaluate the urothelium of the collecting system and ureter. Contrast excretion in an obstructed system is impaired, and thus intravenous contrast administration for either an IVU or CTU will not depict the collecting system well enough to exclude upper urinary-tract urothelial lesions.


3. In patients with renal transplants who have azotemia in association with a dilated collecting system, antegrade pyelogram can help determine whether the transplant collecting system is obstructed or not. The ureteroneocystostomy created to drain a renal transplant is often difficult to cannulate cystoscopically.




Contraindications


Bleeding diathesis




Techniques


The renal pelvis is percutaneously punctured with a 20- or 21-gauge thin-walled needle from a posterior or posterolateral approach. Localization is provided by means of contrast excreted after an IV injection or with ultrasound in a dilated collecting system. Contrast is injected, and images are exposed under fluoroscopic control.




Complications


These are similar to a percutaneous nephrostomy (PCN).


1. Inadvertent puncture of neighboring structures may occur. Although puncture of the renal vein, kidney, parenchyma, or liver and spleen is possible, few if any complications result because of the small size of the needle.


2. Some extravasation usually occurs with many antegrade pyelograms. However, the puncture site is very small and seals rapidly after the needle is removed.


3. Entry into the nondilated collecting system may be difficult and time consuming and, on rare occasions, may fail completely.







Cystography



Indications




1. Suspected bladder trauma
Bladder opacification by contrast excreted during an intravenous injection for an IVU or CT is unreliable in assessment for bladder ruptures. The bladder should be opacified by means of a catheter placed in the bladder until a detrusor contraction is elicited to reliably exclude a bladder rupture. The study should not be terminated at a predetermined volume of contrast because a detrusor contraction may occur at variable intravesical volumes in different individuals, and the bladder should be filled until a detrusor contraction occurs.


2. Evaluation of fistulae involving the urinary bladder (Figure 2-8)
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Figure 2-8 A-B, Frontal and oblique views of cystogram in a woman with vaginal leakage a few weeks after cesarean section delivery. Opacification of the uterus (arrow) from the urinary bladder is seen.





3. Evaluation of healing following bladder or distal ureteral surgery




Contraindications


There are no contraindications to cystography itself. When a patient has sustained significant pelvic trauma, the integrity of the urethra must first be established before passing a ureteral catheter. This may often require that retrograde urethrography precede cystography.




Technique



1. After a preliminary image, a urethral catheter is passed, and CM is instilled into the bladder. Images of the filled bladder are made in multiple projections. The bladder is then allowed to empty through the catheter, after which a drainage image is obtained. The postdrainage image is extremely important because small leaks from the posterior wall may be obscured by a contrast-filled bladder and be visible only after the bladder has been drained of contrast.


2. Cystography may also be performed through an existing cystostomy tube or via suprapubic puncture.




Complications


Complications of cystography are rare. Excessively forceful injection may result in disruption of a fresh suture line.







Modifications of cystography



CT cystogram



Since most patients with significant abdominal or pelvic trauma undergo a CT scan for evaluation, the addition of a CT cystogram to assess the bladder is helpful in patients with significant pelvic injury. After the initial set of CT images have been obtained, diluted contrast is injected through an indwelling Foley catheter, and scanning is repeated through the pelvis. Most published reports indicate that CT cystograms and conventional cystograms have comparable sensitivity in detecting bladder injury. An advantage of CT is that the patient does not have to be turned into different projections (an obvious advantage in patients with pelvic fractures) for optimal evaluation, and a postdrain image is unnecessary because the entire bladder is well seen on a CT.


When evaluating a patient for a suspected fistula involving the bladder, a CT cystogram helps in demonstrating the fistula well. CT is the most sensitive imaging technique in patients with suspected colovesical fistulae due to complications of diverticulitis.





Voiding cystourethrogram


Voiding Cystourethrogram (VCUG) demonstrates the anatomy of the lower urinary tract during micturition and allows assessment for vesicoureteral reflux.




Indications



1. Recurrent urinary tract infections, especially in children, in whom reflux is not uncommon


2. Evaluation of the posterior urethra in the male and the entire urethra in the female
VCUG is used to evaluate urethral stricture disease, posterior urethral valves in the infant male, and the postoperative urethra (Figure 2-9). In the female, it is a primary method of evaluating for suspected urethral diverticula.
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Figure 2-9 VCUG 10 days after radical retropubic prostatectomy demonstrates leak from the right posterior aspect of the anastomosis. Study done a week later shows healing of the leak. A, Left posterior oblique view. B, Frontal view.





3. Evaluation of certain voiding dysfunctions (e.g., detrusor-external sphincter dyssynergia, neurogenic bladder)
VCUG can be combined with simultaneous pressure-flow recordings for a study known as videourodynamics.


4. For the evaluation of an ectopic ureter thought to insert into the urethra
Reflux into such ectopic ureters is fairly common.




Contraindications


Acute urinary tract infection




Techniques



1. This procedure is best performed under fluoroscopic control.


2. The bladder is catheterized and filled with water-soluble CM. HOCM is usually used for this study because a large amount of contrast is required (300 to 600 cc), and adverse reactions with contrast injection into the bladder are uncommon. When the patient has a strong desire to void, the catheter is withdrawn and the patient voids. Fluoroscopic images are obtained during voiding, and an estimate of the completeness of bladder emptying is made. In patients who have undergone recent bladder-neck or urethral surgery, voiding around an indwelling urethral catheter is initially performed to look for contrast extravasation. If none is seen fluoroscopically, the urethral catheter may be removed and another void documented fluoroscopically.


3. Although the bladder is filled with the patient recumbent, voiding is usually performed with the patient standing.




Complications


These are the same as those listed under cystography.







Retrograde urethrogram



Purpose



Retrograde urethrogram (RUG) provides detailed visualization of the anterior urethra in the male. The procedure has little or no application in the female. On a RUG, the posterior urethra is incompletely visualized because the closed external urethral sphincter resists the retrograde flow of contrast into the posterior urethra. Complete evaluation of the anterior and posterior urethra in a male requires both a VCUG and a RUG (Figure 2-10). Although the anterior urethra is seen on a VCUG, a diseased anterior urethra is better demonstrated on a RUG.
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Figure 2-10 Straddle injury. A, VCUG through a suprapubic catheter demonstrates irregularity of the bulbar urethra at injury site (arrows). B, VCUG demonstrates urethral occlusion at injury site (arrow) 5 weeks later. C, Combined VCUG and RUG help in assessing the length of occlusion more optimally.








Indications



1. Detailed delineation of suspected or known urethral stricture (most common indication)
The study is also useful to assess the results of surgery for urethral stricture repair.


2. Suspected urethral trauma
RUG should be routinely performed before attempting passage of a urethral catheter in a male patient with a pelvic fracture.


3. Demonstration of urethral diverticula, fistulae, and neoplasms





Contraindications



1. Acute urethritis, as discussed below.


2. Patients who are allergic to contrast should be pretreated. LOCM should be employed in this situation.




Technique



1. A Foley catheter is placed with sterile technique, and the Foley balloon is inflated in the fossa navicularis. Approximately 2 mL of contrast is sufficient to seat the balloon in a stable fashion in the urethra. It is preferable to use contrast to fill the balloon because air is more compressible than fluid, and an air-filled balloon can extrude during the study.


2. LOCM is then injected, and fluoroscopic images of the fully distended urethra are taken.




Complications


Reflux or intravasation of contrast from the urethra into the surrounding corpus spongiosum can occur during RUG. Such reflux is usually minimal and without clinical consequence except in the presence of urethritis when bacteria may be forced into the bloodstream. In patients with venereal warts, the procedure should not be performed until the active infection has been controlled, in order to avoid spreading the infection to the urethra. Spongiosal intravasation is more apt to occur in patients with high-grade urethral strictures.





Loopogram and pouchogram


Anastomosis of the ureters to an isolated intact segment of ileum or transverse colon (loop) or to a detubularized large or small bowel segment (pouch) is the most common method of establishing permanent urinary diversion (Figure 2-11). The isolated bowel loop serves as a conduit to propel urine outward toward the stoma, and a urine collection bag is applied to the stoma to collect the urine. A detubularized pouch functions as a continent reservoir rather than a conduit. Pouches can be connected to a cutaneous stoma or be anastomosed to the urethra (orthotopic diversion). Cutaneous continent pouches require intermittent catheterization for emptying, whereas patients with orthotopic pouches void by increasing abdominal pressure to empty the pouch. Radiologic examination of urinary diversions is referred to as loopography or pouchography.
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Figure 2-11 Normal examination of a Studer pouch 3 weeks after surgery. A, An image taken early in the filling process. B, An image after the pouch is filled. Note that early filling image better demonstrates the afferent limb than the image taken when the pouch is fully distended.







Indications



1. To evaluate the bowel conduit or reservoir for suspected intrinsic disease (e.g., filling defect, anastomotic or other leaks, loop stenosis), capacity, or peristaltic activity


2. To visualize the upper urinary tract by reflux
Reflux is normal with ileal conduits but unpredictable in continent diversions. If a patient with a continent diversion requires urothelial evaluation beyond that provided by an IVU or CTU, antegrade pyelogram is usually the next step.


3. To evaluate patients with loop diversion whose upper urinary tracts show deterioration on serial IVUs or ultrasonogram (i.e., worsening hydronephrosis, renal calculi, or renal scarring) or whose renal function is diminishing
In such patients, the absence of reflux from the ileal loop into the ureters may indicate ureteroileal obstruction.




Contraindications


There are no contraindications to the retrograde study of a urinary conduit or reservoir other than active urinary tract infection. Because the urinary tract of patients with urinary diversions is usually colonized with bacteria, prophylactic antibiotics are administered prior to the procedure to prevent bacteremia after the procedure.




Technique



1. A preliminary image is obtained. The stoma of an ileal conduit is catheterized with a 14 or 16 French Foley catheter with aseptic technique. The balloon is inflated just below the anterior abdominal wall, and the conduit is filled with LOCM until the ileum is well distended. Fluoroscopic images are obtained with particular attention given to the presence or absence of reflux. Images of the collecting systems and ureters are obtained to evaluate for urothelial abnormalities. The catheter is then removed and the conduit and upper urinary tracts evaluated for emptying.


2. A continent urinary pouch or reservoir is also evaluated fluoroscopically. The stoma (for a cutaneous diversion) or urethra (for an orthotopic diversion) is catheterized and a Foley catheter placed into the reservoir. The reservoir is opacified with CM to capacity, which varies with time. At maturity, it should accommodate several hundred mL of fluid. Filling defects and leaks are documented if present. Nonopaque mucus in the reservoir is an expected finding.


Although many pouches do not normally allow for ureteral reflux, reflux may be observed with a Studer pouch in which the ureters are anastomosed to an isoperistaltic afferent loop of ileum, which drains into a detubularized ileal pouch (see Figure 2-11). Although reflux does not occur in a normally functioning Studer pouch, the elevated intraluminal pressures generated during retrograde pouch opacification may fill the isoperistaltic afferent limb and diverted ureters.




Complications


Pyelonephritis may accompany forceful reflux of infected urine.





Angiography


Angiography refers to the radiologic study of both the arterial and venous systems. Studies pertinent to the study of the urinary tract include:


1. Arterial: aortography, renal arteriography, and adrenal arteriography


2. Venous: inferior venacavography, renal phlebography, adrenal phlebography, and gonadal phlebography




Indications for renal arteriography



1. To evaluate for suspected renal artery stenosis (RAS)
RAS is a cause of potentially reversible hypertension and renal insufficiency, particularly in elderly patients. Many screening tests have been used in an effort to noninvasively diagnose RAS. CT angiography and MR angiography are the most frequently used imaging techniques; the latter is preferred in patients with renal insufficiency to reduce the risks of contrast-induced nephrotoxicity, which is more frequent with iodinated contrast materials than with gadolinium-based contrast agents used for MR. In patients with severe chronic kidney disease, gadolinium-based contrast agents have been associated with the development of a debilitating condition called nephrogenic systemic fibrosis and are contraindicated. Patients with significant truncal stenosis of the renal artery and fibromuscular dysplasia are treated with angioplasty. Lesions at the renal artery ostia are resistant to angioplasty and require primary stenting. Randomized trials that compared renal artery angioplasty with best medical therapy do not indicate that angioplasty is a convincingly superior treatment.


2. Neoplasms
Since the development of CT and MRI, angiography is almost never used in the diagnosis of renal masses. It is still used occasionally for the preoperative embolization of large, hypervascular renal cell carcinomas and for prophylactic embolization of angiomyolipomas that are larger than 4 cm in size, to prevent spontaneous hemorrhage.


3. Renal trauma
Most traumatic parenchymal and vascular lesions can be satisfactorily imaged by CT. Angiography is usually reserved to demonstrate an arterial bleeder or arteriovenous communication prior to embolization.


4. For the evaluation (and potential ablation) of vascular abnormalities such as aneurysms and arteriovenous malformations suspected on other imaging studies


5. CT angiography or MR angiography are preferred to catheter angiography to provide a preoperative arterial “road map” for surgery when there is a high risk of anomalous vascular supply such as in a horseshoe kidney or an ectopic kidney.
Also, in the preoperative evaluation of potential renal donors, CT angiography and MR angiography have supplanted catheter angiography in most institutions.




Indications for adrenal gland angiography



1. Ablation of adrenal function by embolization


2. For adrenal vein sampling to diagnose functioning adrenal tumors.





Indications for gonadal phlebography



1. Gonadal phlebography is valuable in evaluating varicoceles and in treating them by means of venous occlusion with balloons, coils, or sclerosing agents.


2. High-resolution CT and MRI are preferred to gonadal phlebography to search for a nonpalpable undescended testis.





Radionuclide imaging


Radionuclide imaging is used to assess renal vascular perfusion, renal function, and obstruction.




Indications



1. Assessment of renal function
Following a bolus injection of radionuclide, computer analysis of radioactivity plotted against time allows analysis of blood clearance rates to determine the glomerular filtration rate and effective renal function. Ascertaining the relative function of the kidneys is especially important when decisions regarding nephrectomy versus salvage operation must be made in patients with renal malignancies. In cases of severe hydronephrosis, split renal functions before and after a period of nephrostomy drainage allows assessment of residual renal functional in the previously obstructed kidney.


2. Hypertension
Differential renal blood flow studies (performed before and after the administration of an angiotensin-converting enzyme inhibitor (ACEI) such as captopril) detect approximately 85 percent of cases of renal vascular disease. Difficulties with isotope screening in hypertension include problems in distinguishing unilateral renovascular lesions from unilateral renal parenchymal disease and problems recognizing bilateral vascular stenoses. The accuracy of the examination is decreased in patients with renal insufficiency, bilateral renal artery stenoses, and with chronic use of ACEIs.


3. Evaluation of renal transplant failure
Isotopic methods of imaging the kidney are very helpful in evaluating renal transplant complications, including obstruction, extravasation, and stenosis of the arterial anastomosis. Differentiation between acute tubular necrosis and transplant rejection is a more difficult task.


4. Questionable or intermittent obstruction
The presence of intermittent obstruction, especially at the ureteropelvic junction (UPJ), is often difficult to evaluate and confirm. Using radionuclide methods, the rate of emptying of the collecting system after a diuretic challenge (washout or Lasix renogram) can be evaluated and compared to standard emptying profiles. A normal kidney puts out over 76% of the activity that enters it within 20 minutes.


5. Evaluate for urine leak.
Small urinary leaks in patients who cannot receive iodinated contrast can be detected readily with radionuclide studies. Renal transplant patients with impaired renal function and suspected urinary leak are the classic case where radionuclide studies are very helpful in evaluating for urinary leak.


6. Evaluate for vesicoureteral reflux.
VCUG is used for initial evaluation of suspected reflux in children, so that the anatomy of the lower urinary tract can also be assessed, a task not possible with radionuclide imaging. However, radionuclide cystogram is the follow-up procedure of choice for proven reflux because it is more sensitive than VCUG and imposes less of a radiation burden on the patient. Using agents such as 99mTc-DMSA, the renal scarring, which is often the consequence of reflux, can also be demonstrated.


7. The “acute” scrotum
When testicular torsion is suspected, an ultrasound examination with Doppler is the initial study. Radionuclide flow study of the scrotum will demonstrate the viability of the testis and compare its perfusion to the opposite side. Increased nuclide perfusion favors epididymitis over torsion.


8. Adrenal gland
131Iodine metaiodobenzylguanidine (MIBG), an adrenal medullary imaging agent, can readily and easily localize pheochromocytomas. Cholesterol analogues (lodine-131 NP-59) have also been synthesized and have proved helpful in localizing hyperfunctioning and hypofunctioning adrenal lesions.


9. PET scanning
In urogenital imaging, the most widely used tracer is F18-fluorodeoxyglucose (FDG), which is taken into cells through glucose transporters. Many tumors have increased glucose uptake, and therefore concentrate FDG. FDG is normally excreted by the kidneys through urine, which limits its utility in evaluating the kidneys. Modern machines have a CT scanner incorporated into the PET machine, allowing accurate localization of sites of increased uptake.
FDG-PET scanning is used in restaging testicular cancer after chemotherapy because it appears to be more accurate than CT for detecting recurrence. To date, FDG-PET has not shown much value in the evaluation of prostate or bladder cancer.




Contraindications


Radionuclides should not be administered during pregnancy. There are no other contraindications to the use of radionuclide studies for diagnostic purposes.




Technique


Techniques vary depending on the information desired. In general, a tracer dose of radioactive isotope bound to a specific pharmaceutical agent is administered and the patient is placed beneath a gamma camera where images (scans, scintigrams) are generated at intervals depending on the information sought. For flow studies, images are taken as frequently as every few seconds. For anatomic information, images are obtained by accumulating counts for several minutes. These images may be taken sequentially for as long as several hours, and under certain circumstances may even be delayed up to 24 or 48 hours. Recently, techniques for obtaining tomographic scintigraphy (single-photon emission computed tomography [SPECT]) have considerably improved the anatomic information provided by radionuclide images. When evaluating renal function, small radiation detectors or gamma cameras placed directly over the kidneys can be used to generate time-radioactivity curves. This is known as a renogram.




Complications


There are no complications of nuclear medicine diagnostic procedures. The radiation doses involved are modest and often less than those for comparable conventional radiographic studies or CT.





Ultrasonography


Ultrasound (US) can be used to image most parts of the GU system. It is a noninvasive study with no radiation exposure. Administration of contrast is not required, although newly developed US contrast agents often enhance the diagnostic yield of the examination. Characteristics of blood flow can be determined by US. The resolution of US imaging is limited in large and obese patients.




Techniques


Two types of sonographic imaging are commonly used in the urinary tract: Real-time gray-scale imaging is used to depict the architecture and anatomy of the organ. Real-time imaging allows consistent modification of transducer position to obtain optimal projections. Doppler or flow imaging is used to assess the vascularity of the organ and masses and is usually combined with real-time gray-scale imaging.


Newer advances in US include advances in image presentation such as 3D imaging and extended field-of-view imaging, so that data can be presented in a single image to facilitate the depiction of spatial relationships.




Complications


None is known.






Indications



Kidney




1. Evaluation of a renal mass
US can detect fluid-filled renal masses with more than 98% accuracy. Solid-mass lesions larger than 1 cm in diameter are also routinely identified, especially if they are in the renal cortex. The US appearance of cysts and solid masses is quite distinctive, although complex or complicated cysts may share certain imaging characteristics of solid lesions. The detection of neoplasms is aided by demonstrating flow within them by means of color-flow or power Doppler. US may also demonstrate intravenous and intracaval tumor extension in renal neoplasms. The ability to identify, characterize, and stage a renal mass is dependent on the depth of the lesion beneath the skin and the body habitus of the patient.


2. Impaired renal function
In patients with renal insufficiency, US is helpful in assessing the size of the kidney and excluding urinary obstruction as a cause of the renal failure. Dilated renal pelves and calyces usually indicate obstructive uropathy (Figure 2-12). Alteration in the normal echogenicity of the kidneys is seen in patients with medical renal disease. The kidneys may be smaller and more echogenic than normal.
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Figure 2-12 Hydronephrosis due to a proximal ureteral stone. A, Renal ultrasound (US) shows marked hydronephrosis proximal to a shadowing echogenic calculus. B, Retrograde catheter was distal to stone and did not drain left kidney. C, Double-pigtail internalized stent was placed, and patient underwent shockwave lithotripsy (SWL).





3. As a guide to biopsy and other interventional procedures
By visualizing the kidney directly, entry into the kidney is facilitated for percutaneous renal biopsy or for entry into dilated renal collecting systems for antegrade pyelography preparatory to percutaneous nephrostomy. A needle guide mounted on the US transducer facilitates the procedure.


4. Evaluate filling defects seen in the collecting system on IVU or RPG
These are most commonly caused by nonopaque calculi, urothelial neoplasms, and blood clots. Renal calculi are markedly echogenic, produce acoustic shadowing, and are readily detectable by US (see Figure 2-12). Clots and tumors may also be demonstrated, but not necessarily easily differentiated by US.


5. Evaluation of perinephric collections
Fluid collections around the kidney may represent an abscess, urinoma, or hematoma. This situation is usually encountered with renal transplants. Determining the etiology of a fluid collection is usually not possible by US alone. A complex fluid mass is more likely an abscess or hematoma rather than a lymphocele or urinoma.


6. Renal surveillance
Kidneys at risk for the development of specific diseases can be periodically monitored by US (e.g., the contralateral kidney following nephrectomy for Wilms tumor, evaluation of family members of patients with hereditary disorders such as polycystic disease and tuberous sclerosis). The status of existing diseases such as hydronephrosis can also be monitored to determine whether the process is static, improving, or worsening.


7. Renovascular problems
Gray-scale US contributes little to evaluation of RAS except for measurement of renal size and demonstrating renal morphology. With color-flow Doppler, arterial and venous lesions (e.g., occlusions, stenoses, aneurysms, fistulae, malformations) of the extrarenal and intrarenal arteries and veins can be demonstrated and flow velocities estimated. The technique also allows for demonstration of bland and tumor thrombus in the renal vein and inferior vena cava in patients with renal tumors.


8. Renal transplant evaluation
The transplanted kidney, because of its superficial position in the pelvis, is particularly well suited for US evaluation. The combination of Doppler and gray-scale sonography (duplex Doppler) makes it possible to evaluate renal allografts for such complications as rejection, RAS, and arterial or venous thrombi. Surgical complications such as hydronephrosis and lymphocele formation are also easily assessed by US.


9. Fetal renal US
The detection of fetal hydronephrosis alerts physicians to the need for additional urologic evaluation in the early neonatal period. The availability of fetal therapy is an exciting development and still in early stages.





Ureter


US has limited usefulness in most ureteral disorders, except for a few instances. Dilated ureters may be seen, ureteroceles demonstrated within the bladder, and small calculi may be imaged, especially in the pelvic ureter. Color-flow demonstration of asymmetric jets of urine from the ureteral orifices in the bladder may be an indication of ureteral obstruction.




Bladder


Uses of ultrasonography in urinary bladder evaluation include the measurement of residual urine after voiding, guidance for suprapubic aspiration, and evaluation of intravesical masses and diverticula.




Prostate and seminal vesicles


US of the prostate is useful to estimate prostatic size. Transrectal ultrasound (TRUS) is widely used to localize a suspicious prostate lesion for transrectal biopsy. TRUS and pelvic US are also useful in the evaluation of a pelvic mass and for aspiration of cystic lesions such as seminal vesicle cysts.




Scrotum and external genitalia



1. US is the primary imaging modality to evaluate the scrotum and its contents. It can differentiate intratesticular from extratesticular masses, and solid from cystic scrotal masses. US is also helpful when inflammation or neoplasm of the testis or epididymis is associated with a secondary hydrocele that prevents adequate palpation of the underlying lesion. Color-flow Doppler is very helpful in the scrotum and external genitalia. Perfusion patterns may help to differentiate inflammation from neoplasms and to substantiate a diagnosis of torsion or infarction.


2. Undescended testicles can often be identified in the inguinal canal (but not within the abdomen) with US. To localize cryptorchid intraabdominal testes, MRI or CT scan is usually used.


3. In male sexual dysfunction, inadequacies of flow in the cavernosal arteries are readily identified, and this technique has become a standard part of the evaluation of the impotent patient. Fibrous or calcified plaques in the tunica albuginea in Peyronie disease can be easily identified. In the female, translabial or endoluminal (endourethral) US has been used to identify urethral diverticula but is not favored by most urologists and radiologists over voiding cystourethrography and MRI.




Intraoperative ultrasound


This technique is often used to assist in partial nephrectomy in patients with one or more small renal tumors. It is particularly helpful in localizing small tumors that are intrarenal with little or no exophytic component.








Computed tomography (CT)



Basic principles



A narrowly collimated x-ray beam is rotated about the patient, and a number of contiguous or slightly overlapping cross-sectional slices, each varying in thickness from 3 mm to 1 cm, are made through the anatomic areas of interest. Although many visceral structures can be recognized by their suggestive CT appearance, others have similar densities. To enhance structural differences, CM is frequently given. This is the same type as is used for urography and other urologic studies. Following administration of CM, multiple images are repeated. Many pathologic lesions can be recognized on the basis of their appearance before and after contrast administration. Complex computer algorithms allow reconstruction of CT data into many forms, including different planes, such as coronal and sagittal. Radiation exposure for a CT examination of the abdomen and pelvis is typically in the 10 mSv range while radiation exposure for a CT urogram varies with the number of phases obtained. The total dose for a CTU is 1.5 to two times higher than for an IVU.




Technique



1. Preparation is the same as for any procedure in which CM is to be administered except that a dilute mixture of barium or Gastrografin is administered orally before the CT study to identify the small and large bowels and thereby avoid confusion of fluid-filled bowel with abdominal masses or lymph nodes. In those patients being studied specifically for urinary tract calculi or undergoing a CTU, oral contrast material is omitted.


2. After a series of noncontrast scans through the area of interest, sections are repeated following contrast administration. CM allows better characterization and delineation of renal masses, permits evaluation of renal vein and caval patency in renal neoplasm, compares blood flow to each kidney, and helps differentiate vascular structures from solid masses, such as retroperitoneal lymphadenopathy. The contrast is usually administered as a rapid bolus using a power injector.


3. For CTU, thin sections are also obtained in the excretory phase, so that the collecting systems can be demonstrated. To distend the collecting systems and optimize detection of urothelial abnormalities, intravenous furosemide may be given during the study. Saggital and coronal reformats are performed, so that ‘IVU-like’ images of the urinary collecting systems can be obtained.




Complications


The complications are limited to those described under contrast media. Contraindications are identical to those for IVU. Some unusually obese patients may not be candidates for CT because they cannot fit into the gantry or are too heavy for the table.




Indications


CT plays a major role in uroradiologic diagnosis. Indications have been broadening consistently as the efficacy and utility of CT is fully appreciated. Some of its more important uses are:


1. Renal masses


a. Diagnosis
CT is very accurate in detecting and characterizing renal masses, identifying renal pseudotumors, and differentiating simple and complex cystic masses from solid lesions of the kidney (Figure 2-13). Because fresh blood is recognizable on CT, hemorrhagic lesions and hematomas are easily recognizable. Renal parenchymal and urothelial neoplasms also have suggestive appearances on CT. With the increasing application of CT for all manner of abdominal symptoms, there is increasing serendipitous diagnosis of small renal masses ranging in size from 1 to 3 cm. The diagnosis of renal cancer is made when a lesion enhances after contrast administration and thus increases in density.
As smaller renal masses are diagnosed and resected, it is becoming apparent that small benign tumors, particularly small lipid-poor angiomyolipomas, may be indistinguishable from renal cell cancers (RCCs) on imaging. Percutaneous biopsy may help to establish the diagnosis preoperatively in patients who are at high risk for surgery.
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Figure 2-13 Left renal cyst. A, Arterial phase. B, Homogeneous nephrographic phase. The large left renal cyst does not enhance, indicating it is benign.





b. Staging of renal neoplasms
CT is superb at demonstrating perinephric extension, evidence of renal vein or IVC tumor thrombus, regional and abdominal lymphadenopathy, and the presence of liver or adrenal metastases. It is invaluable in the preoperative evaluation of neoplasms.


c. Postoperative
CT can detect local or distant intraabdominal recurrence of neoplasm after partial or total nephrectomy for malignant disease.


d. Characterizing renal cysts
A cyst with homogeneous low attenuation (< 20 HU) and thin, imperceptible walls represents a simple renal cyst (see Figure 2-13), whereas nodular enhancement of walls, thick irregular septations, and central enhancement are indicative of a malignancy. Benign cysts complicated by hemorrhage may be difficult to distinguish from malignant cystic neoplasms on CT and US. MRI is often helpful in evaluation of such indeterminate lesions because subtle enhancement of the lesion may be detectable on MRI but not on CT.


2. CT in patients with urolithiasis
The use of noncontrast CT for the evaluation of patients with acute renal colic is now accepted as the study of choice, with sensitivity and specificity for detection of renal calculi ranging between 97% and 100%. No oral or intravenous contrast is administered, and the diagnosis is available in a few minutes from the start of the scan. Definitive diagnosis requires identification of a stone in the ureter with proximal hydronephrosis. Perinephric fluid or stranding may also be seen.
Nearly all stones are dense on CT, with the notable exception being a drug calculus, as in patients on protease-inhibitor therapy for HIV infection. As CT becomes more widely used, there are numerous reports of unsuspected renal and nonrenal diagnoses that may masquerade clinically as renal colic. These include aortic aneurysms, spinal problems, renal vein thrombosis, diverticulitis, appendicitis, and acute pyelonephritis. The diagnosis of pyelonephritis and renal vein thrombosis may be difficult on noncontrast-enhanced scans and may require the administration of intravenous contrast.
The increasing use of CT in the emergency room setting is raising concerns about the radiation exposure to patients with urolithiasis who have a chronic and recurrent disease and may present repeatedly with symptoms of colic. Vigilance on the part of the physicians and personnel taking care of such patients is recommended, so that patients receive no more radiation than absolutely necessary.
In pregnant patients with suspected stone disease in whom imaging confirmation is necessary, a low-dose noncontrast CT appears to be the best technique to establish the diagnosis and is preferable to a limited IVU, previously the standard imaging recommendation.


3. CT urography
In the past several years, there has been increasing interest in using CT for a complete evaluation of the urinary tract to include evaluation of the parenchyma for masses and the urothelium for pathology. Unenhanced scans are first obtained through the abdomen and pelvis to evaluate for stones. Imaging is next performed approximately 100 seconds after the start of contrast administration to evaluate the renal parenchyma. Twelve minutes later, repeat imaging is performed through the abdomen and pelvis to evaluate the urothelium. Postprocessing is then performed, and anteroposterior and coronal oblique images which simulate an IVU are created. Intravenous diuretics promote distension of the collecting systems and are used in many institutions to optimize visualization of the collecting systems. CTU is a radiation-heavy technique, with patients receiving approximately three times the radiation dose of an IVU.
CT is also helpful in staging transitional cell carcinoma of the renal collecting systems.


4. Renal inflammatory disease
Most patients with acute pyelonephritis do not require imaging for confirmation of the clinical diagnosis. However, because noncontrast CT is so widely used in the assessment of patients who present with acute flank pain and suspected renal colic, patients with clinically unsuspected pyelonephritis will often have the diagnosis suggested on a CT scan. If a patient does not respond to appropriate antibiotic therapy, CT is useful in determining if complications have developed, such as a renal or perinephric abscess, and assessing inflammatory perinephric extension.


5. Hydronephrosis
CT is superb for determining the level and etiology of hydronephrosis. The administration of oral and intravenous contrast is advisable in such patients to obtain as much information as possible.


6. Perinephric collections
Perinephric abscess, urinoma, and hematoma can be readily recognized and often differentiated by CT.


7. Trauma
CT is widely employed and very informative in assessing the extent of renal trauma and its possible complications, including vascular injury, extravasation from vascular system or urinary tract, urinoma formation, and impaired renal viability. When deep lacerations are identified at CT, imaging should be carried through into the excretory phase to determine if the collecting system is involved.


8. Retroperitoneal masses
CT and MRI are the best methods of evaluating most retroperitoneal masses including neoplasms (see Figure 2-6). With very large masses, the organ of origin may be difficult to determine on axial imaging alone. The addition of coronal and saggital imaging is useful in such situations.


9. Retroperitoneal lymph nodes
CT and MRI are the most reliable methods currently available to evaluate for enlarged retroperitoneal lymph nodes. This is an important part of the staging of many urologic tumors including those arising in the testis, bladder, and prostate. In general, retroperitoneal and iliac lymph nodes are believed to be pathologically enlarged only when the short axis diameter is more than 1 cm.


10. Retroperitoneal fibrosis
In suspected cases of retroperitoneal fibrosis, CT can usually demonstrate the fibrous plaque. CT and MRI are the two most important diagnostic modalities in evaluating for the disease.


11. Renal transplants
CT shares with MRI the ability to evaluate ailing renal-transplant patients for hydronephrosis and perinephric fluid collections. Azotemia precludes the use of CM to evaluate vascular integrity.
Potential renal donors can be evaluated with cross-sectional and reconstructed CT images of renal parenchyma, vessels, collecting system, and ureters (CT, CT angiography, and CT urography).




Urinary bladder


CT is valuable in staging tumors confined to the urinary bladder when the perivesical fat planes are preserved. However, perivesical stranding could be attributable to previous bladder biopsy, inflammation, or tumor, thereby limiting the staging value of CT. Enlarged lymph nodes can be detected easily on CT. MRI surpasses CT as the dominant imaging study in staging bladder cancer. Both techniques are limited, however, by their inability to detect small or microscopic metastases in normal-sized lymph nodes and minimal or microscopic tumor invasion of peripelvic fat and contiguous surfaces.




Prostate and seminal vesicles


CT enables congenital anomalies, cysts, and abscesses of the seminal vesicles to be well visualized and prostate abscesses detected. CT, however, has been replaced by MRI in assessing the prostate for most pathologies, including prostate cancer.




Adrenal gland


Adrenal masses are a common finding on abdominal CT scans, and the vast majority represent benign adenomas, even in patients with a known underlying primary malignancy. An adrenal mass that measures less than 10 HU in density on unenhanced scans is most likely to represent an adrenal adenoma, and no further workup is necessary for such a mass. Masses that are greater than 10 HU on noncontrast CT are indeterminate in nature and can represent either lipid-poor adenomas or malignant lesions. The addition of delayed imaging at 15 minutes after contrast administration is helpful in such cases. Adrenal adenomas are vascular lesions from which contrast washes out quickly. If there is greater than 66% calculated washout of contrast from a lesion, it most likely represents an adenoma.


Adrenal myelolipoma is a benign lesion that may contain macroscopic fat (areas with density measurements less than -10 HU) (Figure 2-14). Adrenal carcinomas are usually large lesions at diagnosis.
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Figure 2-14 Left adrenal lesion (arrow) has low attenuation within it which represents fat, indicating that it is a myelolipoma.








Magnetic resonance imaging


Magnetic Resonance Imaging (MRI) is a valuable adjunct and problem solver in imaging urinary tract pathology. The high-contrast resolution of MRI makes it valuable in tissue characterization. Current indications for MR include the assessment of a renal mass that is not characterized on other imaging studies — small degrees of enhancement within a lesion not detectable on CT may be apparent on MRI, establishing the diagnosis of neoplasm. MRI is also helpful in characterizing adrenal lesions. The use of endorectal and endovaginal coils (referred to as surface coils) allows high-resolution imaging of the prostate gland, seminal vesicles, urinary bladder, and the urethra. Technical details of MRI cannot be addressed in this review.








Interventional Uroradiology



This section will discuss commonly performed nonvascular interventional procedures in the urinary tract.




Percutaneous nephrostomy (PCN)


PCN refers to the percutaneous placement of a drainage catheter or access sheath into the kidney, using radiologic guidance.




Indications for PCN


PCN is performed to relieve urinary obstruction, to gain access to the collecting system for therapeutic and diagnostic procedures, to divert urine to allow closure of a ureteral fistula or a dehiscent urinary-tract anastomosis, and to allow assessment of residual recoverable function in a chronically obstructed kidney. These indications are elaborated on further below.


1. To relieve urinary obstruction
PCN is most often requested in patients in whom imaging studies demonstrate hydroureteronephrosis; these studies may indicate the etiology and the anatomic level of the obstruction. Calculus disease is responsible for obstruction in approximately one third of patients with urinary obstruction who undergo PCN, and malignancy in the rest, with carcinoma of the bladder, cervix, and colon being the most common primary tumors to cause urinary obstruction. When ureteral obstruction results in renal impairment, noncontrast computed tomography (NCCT) appears to be the best imaging modality to identify calculus causes of obstruction whereas magnetic resonance urography (MRU) is superior for identifying noncalculus causes of obstruction. In patients with normal renal function, contrast-enhanced CT can identify the presence and cause of hydronephrosis in nearly all cases. MRU is particularly helpful in delineating the anatomy in patients with urinary diversion to bowel conduits.
It is important to attempt, or at least consider, the periurethral retrograde approach for renal drainage (ureteral intubation with cystoscopic guidance) in a patient with urinary obstruction before resorting to a PCN. Percutaneous drainage should ideally be reserved for patients in whom retrograde attempts are either unsuccessful or not feasible.
In patients with obstruction, accompanied by signs or symptoms of urosepsis, PCN drainage provides rapid decompression of the obstructed collecting system and defervescence of the urosepsis. However, when obstruction and infection are due to renal or ureteral calculi, retrograde ureteral drainage is as effective in draining the collecting system as is PCN. In these cases, the decision to perform PCN or retrograde ureteral catheter drainage should be made by assessing what the best therapy for the stone would be. For instance, patients who have large renal calculi that would be best managed by percutaneous methods should have a PCN performed; patients with smaller ureteral calculi that would be amenable to SWL should be drained by a ureteral catheter placed by a retrograde periurethral approach with cystoscopic guidance (see Figure 2-12).
PCN drainage can help to preserve or improve renal function until the cause of obstruction can be relieved in patients in whom the obstruction is expected to respond to treatment, such as chemotherapy, radiation therapy, or surgery. For patients with terminal malignancies and bilateral obstruction in whom ureteral stents cannot be placed, unilateral PCN drainage is usually preferred to bilateral drainage to avoid the inconvenience of two externally draining nephrostomy bags. Unilateral drainage suffices in most patients to maintain renal function at an acceptable level and the less affected kidney (as judged by less hydronephrotic changes or parenchymal atrophy on imaging studies) is chosen for drainage (Figures 2-15 and 2-16).
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Figure 2-15 CT shows chronic hydronephrotic atrophy of left kidney due to colon cancer. Patient developed right hydronephrosis a few months later, necessitating a right nephrostomy.
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Figure 2-16 Percutaneous nephrostomy in patient with continent urinary diversion and occluded internalized stent. A, CT shows left-sided obstruction with delayed nephrogram. B, Abdominal film demonstrates an internalized stent in the continent pouch. Patient was febrile with urinary tract infection. The distal end of the stent could not be found even with pouch-endoscopy in the operating room. C, Percutaneous nephrostomy of the hydronephrotic left kidney. Patient was allowed to defervesce for a few days. Grossly purulent urine was aspirated. D, When patient was afebrile, the left ureteral stent was removed through the nephrostomy track.





2. To gain access to the collecting system
PCN is often just the first step in performing a variety of other interventional procedures in the kidney and ureter. Some examples of procedures that can be performed through a PCN track include the treatment of renal or ureteral calculi (stone fragmentation, removal, or chemolysis), ureteral interventions such as stricture dilation or stent placement, retrieval of foreign bodies such as fractured stent fragments, nephroscopic surgery such as endopyelotomy for UPJO, and brush biopsy or percutaneous therapy of urothelial tumors. Interventions can often be done at the same sitting as the PCN if the procedure is not complicated by excessive bleeding and if there is no infection.


3. To divert urine
PCN is often performed to divert the urine to allow closure of a ureteral fistula, ureteral leak, or a dehiscent urinary tract anastomosis. PCN drainage alone is rarely successful in totally diverting the urine; the addition of ureteral stenting is usually required to bridge leaking ureteral segments or dehiscent anastomoses, whereas ureteral occlusion is usually necessary in patients with intractable fistulae, most commonly vesicovaginal fistula. Urine diversion by PCN alone has been used with some success to treat patients with intractable hemorrhagic cystitis.


4. To assess residual renal function
Renal drainage by PCN may allow assessment of residual recoverable function in a chronically obstructed kidney that appears to be either nonfunctioning or poorly functioning. The presence of renal parenchymal atrophy on CT or renal US does not necessarily predict a poor potential for functional recovery after drainage with a PCN, although a kidney that is reduced to a hydronephrotic shell is unlikely to recover function significantly.




Preprocedural evaluation prior to PCN


Preprocedural evaluation in patients being considered for PCN includes a clinical history to identify a potential bleeder and routine laboratory tests of coagulation and renal function. This is discussed further in the section on contraindications to the procedure.


Prophylactic antibiotics are beneficial in decreasing the development of sepsis in both high-risk patients (e.g., those with struvite stones, diabetes, urinary tract obstruction, indwelling catheters, previous manipulation, instrumentation of the urinary tract) and in patients with a low risk for developing sepsis. Antibiotics should be administered in such a way that maximum blood levels are attained during the procedure, immediately prior to or less than 2 hours before the procedure, and should be continued after the procedure for 24 to 48 hours in low-risk groups and for 48 to 72 hours in high-risk groups. In patients with urinary obstruction, antibiotic therapy should be continued until satisfactory renal drainage is assured to avoid postprocedural bacteremia.


The risk of periprocedural sepsis is increased in the elderly, diabetics, and in patients with indwelling catheters, stones, ureterointestinal anastomosis, or the clinical presence of infection; septic shock can occur in as many as 7% of patients with pyonephrosis. The organisms that commonly infect the genitourinary tract are gram-negative rods and include Escherichia coli, Proteus, Klebsiella, and enterococcus. Antibiotic prophylaxis ideally should be based on culture results. For patients with obstruction and overt clinical infection in whom a specific organism has not yet been identified, broad-spectrum antibiotic therapy active against the common urinary pathogens is prudent.




Contraindications to PCN


The only absolute contraindication to PCN is the presence of an uncorrectable bleeding disorder; however, if the bleeding diathesis is due to a coagulopathy caused by urosepsis, urinary drainage will be necessary before the bleeding abnormality can be corrected. Correction of abnormal coagulation is needed if the international normalized ratio (INR) and the activated partial thromboplastin time (PTT) are greater than 1.5 times above the normal range; standard protocols are used for this. Platelet transfusion will correct drug-induced prolongation of the bleeding time if needed. Platelet counts greater than 50,000/dL are a safe value for most patients.


PCNs are often performed as an inpatient procedure but may be performed on an outpatient basis. Patients who may not be suitable candidates for outpatient PCN include those with hypertension, untreated urinary tract infection, coagulopathy, and staghorn calculi because these patients may be more likely to have complications such as procedure-related sepsis or bleeding.




Technique



1. Monitoring of patients
Continuous electrocardiogram monitoring during the procedure is advisable. Large-bore and secure intravenous access should be routinely established before the procedure so that intravenous sedation and analgesia can be administered during the procedure and intravenous access is readily available if other medications need to be administered. Intravenous sedation combined with local anesthesia is sufficient to keep most patients comfortable; such patients require transcutaneous oximetry.


2. Localization of collecting system
The renal collecting system is localized by US if it is hydronephrotic. In a moderately or severely dilated collecting system, US guidance is successful in aiding entry into the collecting system in 85% to 95% of patients; conversely, in mildly dilated collecting systems, the success rate may be as low as 50%.
Fluoroscopic guidance is used for the procedure if a radiopaque stone can serve as a target for puncture, or if the collecting system can be opacified with contrast. If renal function is normal (as in a patient with a urinary fistula), the collecting system can be opacified with contrast excreted after intravenous administration. Opacification of the collecting system by injecting through a retrograde catheter is helpful in patients with nonopaque calculi, for planned percutaneous endopyelotomy, and in patients with nondilated collecting systems and urinary stones. Blind punctures of the kidney using anatomic landmarks are apt to require multiple punctures for optimal entry and should be measures of last resort; ultrasound guidance can facilitate appropriate and safe puncture of the collecting system with the fewest number of sticks.


3. The patients are positioned in either a prone or a prone oblique position with the ipsilateral side elevated 20 to 30 degrees; however, if the patient cannot lie prone, the procedure can be performed in a supine oblique position.
CT guidance is particularly helpful in this case. Initial puncture can be performed with CT guidance, and the subsequent manipulations for catheter placement are performed with fluoroscopic guidance. Preprocedural CT or MR scanning is necessary and highly recommended in patients with aberrant anatomy (e.g., severe scoliosis, congenital abnormalities) so that the relationship of the kidney to the liver, spleen, colon, gallbladder, and pleural space can be determined.


4. The flank is cleansed, and a subcostal skin entry site in the posterior axillary line is anesthetized. A needle is advanced into the collecting system from the flank, urine aspirated, contrast material injected, and a guidewire inserted through the needle into the kidney. The procedure is monitored fluoroscopically.


5. The needle is removed and the nephrocutaneous track enlarged by passing fascial dilators over the guidewire.


6. A drainage catheter, usually an 8 French "pigtail" catheter with a self-retaining mechanism, is passed over the guidewire and positioned in the renal pelvis. The guidewire is removed and the catheter secured to the skin and attached to a closed gravity drainage bag.




Results



1. A PCN catheter can be successfully placed in 98% to 99% of patients with obstructed kidneys and dilated collecting systems.


2. Nondilated collecting systems or complex stone cases are technically challenging, with reported success rates of catheter placement in 85% to 90%.


3. When obstruction is complicated by urosepsis or azotemia, the response to renal decompression is marked and often immediate, with fever and flank pain improving in 24 to 48 hours after PCN drainage. As mentioned earlier, when obstruction and infection are due to ureteral calculi, retrograde ureteral catheterization and PCN are equally effective in relieving the obstruction and infection; neither technique is superior to the other in promoting rapid drainage or clinical defervescence.


4. In patients with azotemia secondary to obstruction, PCN returns renal function to normal or near normal levels in 7 to 14 days and can improve renal function enough to obviate dialysis in 28% to 30%. In patients with malignancies, the ureters can be obstructed by contiguous involvement or extrinsic compression. The need for external nephrostomy drainage is often permanent in such patients because ureteral stents often fail in adequately draining patients with extrinsic obstruction. Long-term survival after palliative diversion for malignant ureteral obstruction is poor, with only 25% of patients alive at 1 year. Our approach in patients with bilateral obstruction due to malignancies is to initially drain the symptomatic side, if there is one, or drain the kidney which appears to have more preserved renal parenchyma as gauged by cross-sectional imaging. The contralateral kidney is drained only if there is suspected infection, or if unilateral drainage does not improve renal function enough to administer the necessary chemotherapy.




Complications



1. The overall serious complication rate of PCN is low, with a mortality of 0.2% compared to a surgical mortality of 6%. Major complications include hemorrhage and sepsis.


2. Hemorrhage requiring transfusion or other therapy is a complication in less than 1% to 2.4% of patients and is related to renal arterial pseudoaneurysms or arteriovenous fistulas due to laceration of lobar arteries. Most hemorrhage associated with nephrostomy placement is transient and self-limited; it is not uncommon to have pink or slightly bloody urine drainage for several days after a nephrostomy, and this is not considered a complication. Serious vascular trauma is suspected if the urine continues to be grossly bloody after 3 to 5 days, if new intrapelvic clots are observed on nephrostograms, or if there is a significant drop in the hematocrit. If the drop in the hematocrit is out of proportion to the urine blood loss, a retroperitoneal hematoma should be suspected and a CT scan obtained. Angiography and possible arterial embolization should be considered in patients who have significant continuous or recurrent bleeding for longer than 4 to 5 days after PCN placement.


3. Sepsis after nephrostomy tube placement can occur, particularly in patients with stone disease. Patients with pyonephrosis are more prone to this complication and may develop postprocedure fever or even septic shock, despite the use of aminoglycoside prophylaxis. Forceful opacification of the collecting system to visualize the site and cause of obstruction should be deferred in all patients with urinary obstruction until the collecting system has been adequately decompressed for 24 to 48 hours and the patient is afebrile.


4. Inadvertent injury of adjacent organs is uncommon. The colon may lie posterior or posterolateral to the kidney and can be entered during a PCN. Retrorenal position of the colon is more common in patients who are thin and have little retrorenal fat, who have colonic dilation, or have abnormal anatomy such as marked kyphosis or scoliosis. When doubt about safe access exists, preprocedure CT to delineate the anatomy is prudent. The complication can often be managed conservatively, with drainage of both the kidney and the colon by separate catheters until the nephrocolic fistula heals.


5. An intercostal approach (often required for access to the upper poles of the kidneys) causes more thoracic complications than a subcostal puncture. In expiration, a posterior intercostal approach between the eleventh and twelfth ribs poses little risk of injury to the spleen and liver, but the lungs remain vulnerable to puncture in many patients. Other thoracic complications include pleural effusion, pneumonia, atelectasis, hydrothorax, and pneumothorax.


6. Minor complications that may occur are catheter dislodgment and urine extravasation. Dislodgement is more common in obese patients and in disoriented patients and can be minimized by using self-retaining drainage catheters, routinely exchanged every few months. Dislodgement in the first week after placement often necessitates a fresh track. Renal pelvic perforation is unusual in a routine PCN performed for drainage of an obstructed collecting system and is more likely to occur in patients with large staghorn stones. It is usually a self-limiting complication.





Percutaneous nephrostomy for nonobstructive indications


Management of upper urinary tract calculi


Percutaneous management of urinary tract calculi is indicated in patients who are not candidates for SWL or ureteroscopy. Percutaneous techniques are also used to salvage SWL or ureteroscopic failures. SWL is the treatment of choice for most renal and ureteral calculi. Stone-free success is greatly influenced by the stone size, with stones that are 1 cm or less in size representing the ideal for SWL. Stone-free rates of 85% to 87% have been reported for stones that are 1 to 2 cm in size. Distal ureteral calculi are managed by retrograde ureteroscopy or, in select cases, extracorporeal SWL.


Stone size: In patients with large calculi, over 2 to 3 cm in size, SWL has a poor chance of complete success, a high probability of requiring adjunctive therapy, and a significant incidence of complications. With stones larger than 2.5 to 3 cm, only 30% to 35% of patients may be stone-free with SWL, compared to 70% to 90% of those treated with percutaneous nephrostolithotomy (PCNL).


Staghorn stones: The primary approach to these stones should be by PCNL. Branched staghorn stones that fill the majority of the collecting system pose special problems because stones may be located deep in infundibula and calices that may be difficult to reach from the initial percutaneous tract. PCNL is initially used to rapidly remove large volumes of easily accessible stone with ultrasonic or electrohydraulic lithotripsy ("debulking"). If infundibulocaliceal fragments are inaccessible from the nephrostomy tract using the usual endourological techniques, SWL is used to break up the small volumes of remaining stones, followed by PCNL to remove the residual fragments.


Urinary obstruction, compromised urinary drainage: Urinary stasis can predispose to calculus formation. The most common examples of stones in association with obstruction are in ureteropelvic junction (UPJ) obstruction, caliceal diverticula, malrotated kidneys, ectopic kidneys, horseshoe kidneys, and obstruction due to renal cysts or other renal masses. Although SWL can successfully break up the symptomatic calculi in these situations, the fragments are unlikely to be able to successfully pass even if the stone debris is adequately fragmented. In these cases, percutaneous stone therapy is combined with endourologic treatment for the underlying obstructive process, such as endopyelotomy for UPJ stenosis or balloon dilation for infundibular or ureteral strictures.


Stone composition: The composition of a calculus is critical to decide on the best method of management. Certain calculi (e.g., cystine calculi) are readily fragmented by ultrasonic lithotripsy but are refractory to SWL, making PCNL the treatment of choice. On the other hand, uric acid calculi respond well to SWL but not to ultrasonic lithotripsy. For stones larger than 2 cm, proceeding directly to PCNL is the best option. All stone material must be removed at the time of the percutaneous procedure to ensure that the patient will remain stone-free.


Stones composed of calcium oxalate dihydrate and struvite break up well with SWL or any other form of power lithotripsy, whereas stones composed either partially or completely of calcium oxalate monohydrate do not respond well to SWL. With these stones, the volume of the stone is the main determinant of the most desirable mode of therapy.


Stones that do not adequately fragment with SWL or are inaccessible by ureteroscopy require a PCN for percutaneous ultrasonic lithotripsy. PCNL is also indicated in patients in whom certain removal of a stone is important (such as airline pilots) because residual stone fragments persist in a significant percentage of patients following SWL.




Technique for percutaneous nephrostolithotomy (PCNL)


Two primary components in the percutaneous therapy of upper urinary tract calculi are the establishment of an access tract and the actual stone removal itself. Accurate access is the essential underpinning of a successful PCNL because a poorly placed track may make it impossible to remove even the most accessible of calculi. Fluoroscopic control is usually preferred for the procedure, especially if the calculi are radiopaque. CT is useful in preprocedural planning in patients with aberrant anatomy, so that the liver, spleen, colon, and pleural space can be avoided by the proposed track. If the calculi are faintly opaque or the collecting system is not dilated, placement of a retrograde catheter prior to the puncture is invaluable and allows both opacification and distension of the collecting system. Local anesthesia and intravenous sedation are generally sufficient for establishing the track.


Subsequently, track dilation and stone extraction are performed in the operating room. Experience has proven that tracts can be dilated acutely to 24 to 30 French with no adverse effects. After the procedure, the collecting system is inspected to ensure a stone-free state. It is standard practice to leave in a large bore nephrostomy tube after the procedure to provide reliable drainage of urine, tamponade the track and allow the renal puncture to heal, and permit access to the collecting system if additional procedures are required, although many endourologists place small-bore catheters or only a ureteral stent following the stone removal. The nephrostomy catheter is removed in 48 hours to 1 week, after a nephrostogram demonstrates no leaks from the collecting system and no residual stones.


When the calculus is located in a calix or diverticulum, access should be obtained through that particular calix or diverticulum.




Contraindications


An uncorrected bleeding abnormality is the only absolute contraindication. The procedure should not be performed if a stone-bearing kidney is uninfected and nonfunctioning. A relative contraindication is the inability to establish a safe access track.




Complications



1. Bleeding
Significant arterial bleeding occurs in 0.5% to 1.5% of patients. Vascular injury during the placement of the access track or track dilation can lead to pseudoaneurysms, arteriovenous fistulas, perinephric hematomas, and loss of functional parenchyma. Initial puncture into a calix, rather than an infundibulum or the renal pelvis, is the least likely to cause major vascular injury and is the preferable site of puncture. If excessive bleeding occurs during or after PCNL, the nephrostomy tube can be clamped to tamponade the track and the collecting system. If that fails, a larger nephrostomy catheter can be placed, which will tamponade the track better and also allow blood clots and residual calculus fragments to pass. Selective angiography and embolization should be considered if the above measures fail.


2. Injury to adjacent organs
The colon can be nicked if it is positioned posterior to the kidney. The colonic injury may not be obvious until the postprocedure nephrostogram demonstrates colonic filling with contrast. If the nick is small, the injuries can be managed conservatively by draining the kidneys with a double-pigtail ureteral stent placed from below, pulling the nephrostomy tube into the colon, and leaving it to act as a colostomy tube. The track usually seals in a few days. If a more serious injury occurs, open repair may be required.
Injury to the duodenum, liver, and spleen are uncommon. Pleural and lung injuries may occur with supracostal punctures.


3. Sepsis
PCNL is considered to be a clean-contaminated procedure in patients with sterile urine preoperatively, but a rise in temperature is common after stone removal. Postoperative bacteremia can occur, and some of the factors affecting the development of postoperative fever are the duration of surgery and the amount of irrigant fluid.


4. Perforation
During the process of stone removal, the renal pelvis can be perforated by a sharp fragment of stone or by one of the instruments (such as the ultrasound probe) in as many as 10% of cases. Most such perforations heal within 12 to 24 hours as long as good urine drainage is maintained. Serial nephrostograms will show that even sizable renal pelvic and ureteral lacerations heal in a few days without stricture formation.
A calculus can extrude through a urothelial tear. Renal pelvic extrusions should be treated with nephrostomy drainage, whereas ureteral tears should be treated with stenting for a few weeks. In the absence of infection, extrusion of calculus material into the perinephric and periureteral tissues appears to be of no clinical consequence.




Treatment of ureteral calculi


SWL is the treatment of choice for upper ureteral calculi and has higher success rates if the stone can be pushed back into the kidney. These calculi can also be approached in a percutaneous, antegrade fashion. In the midureter, most authorities favor ureteroscopic extraction of calculi or retrograde displacement of the calculus into the kidney followed by SWL. For distal ureteral stones, ureteroscopic extraction is probably the technique of choice because of its high initial success rate, the rare need for secondary treatments and postureteroscopic interventions, and the low complication rate of ureteroscopy in the distal ureter.


Ureterolithotomy for stone removal is unusual and performed on the rare occasion for stones that are impacted or embedded in the ureter and require open surgical removal.




Other procedures performed through a PCN access track


In patients with UPJ obstruction, PCNL can be often combined with an endopyelotomy. The percutaneous route is also well suited to the removal of foreign bodies (e.g., broken stents, guidewire fragments, internal ureteral stents, fungus balls) from the renal pelvis and/or ureter. Stents that have not been changed in the recommended period may encrust, become brittle, and fracture; fractured are best approached with a combined percutaneous-endoscopic technique.







Ureteral stenting



Principles




1. Percutaneous ureteral stenting provides urinary diversion without the need for an external collection device when retrograde insertion of a ureteral stent is not possible or practical.


2. Most patients find a ureteral stent catheter more acceptable and convenient than a nephrostomy catheter.




Indications



1. Long-term stenting (months to years) is most frequently performed to bypass a ureteral obstruction.


2. Short-term stenting (weeks to months)


a. Facilitates healing of postoperative or traumatic pyeloureteral leaks or ureteral fistulae by diverting the urinary stream


b. Prevents stricture formation as ureteral injuries or implantations (native or allograft ureters) heal by providing a mold around which ureteral epithelialization is facilitated


c. Maintains ureteral caliber following balloon dilation or incision of benign ureteral strictures





3. Catheters percutaneously placed into the ureters facilitate intraoperative ureteral identification during difficult surgical dissections (e.g., revision of an obstructed ureteroileal diversion).




Contraindications



1. The presence of active renal infection


2. Markedly diseased bladder that would be intolerant of a stent (e.g., radiation cystitis, bladder invasion by adjacent neoplasm)


3. Bladder fistulae




Technique





1. Following PCN, a guidewire and catheter are manipulated through the abnormal (often stenotic) ureteral segment into the urinary bladder, or bowel conduit, or urinary reservoir.


2. The catheter is replaced with a ureteral stent in which multiple side holes have been created where the stent will eventually be positioned in the renal pelvis. Kidney urine enters the stent through these side holes, travels through the catheter, and exits from its distal pigtail segment. Depending on ureteral caliber, urine may also flow around the stent. The proximal end of the stent protrudes from the skin and is obturated externally. This is an external ureteral stent catheter.


3. An external ureteral stent can be periodically changed from the flank over a guide wire.


4. Urinary drainage can be totally internalized by placing an internal ureteral stent with a pigtail configuration at both ends. The proximal pigtail is positioned in the renal pelvis and the distal pigtail in the bladder. Double pigtail stents must be periodically changed (at least every 6 months) cystoscopically.


5. Patients who require ureteral stenting following ureteral diversion to a bowel conduit should have an external ureteral stent inserted in combined antegrade/retrograde fashion. A guide wire and catheter are first manipulated beyond the abnormal ureteral segment, through the bowel conduit, and out the stoma rather than into the bladder. The catheter is removed, and a single pigtail drainage catheter is passed retrograde into the renal pelvis. The distal end of this catheter protrudes through the stoma to drain into the urostomy collection bag. Internal ureteral stents should not be used in patients with ureteroenterostomies or continent urinary diversion reservoirs.


6. If retrograde endoscopic attempts to pass catheters beyond ureteral obstructions and fistulae are unsuccessful, fluoroscopically guided retrograde periurethral catheter manipulations are often successful in the radiology department. This approach employs standard interventional equipment (e.g., catheters, guide wires, sheaths) passed through or over partially inserted ureteral catheters.






Results



1. Both internal and external ureteral stents allow patients to lead as active a life as their underlying condition will permit.


2. Ureteral obstructions can often be negotiated in antegrade (percutaneous) fashion even if retrograde cystoscopic catheterization is not possible (e.g., neoplastic obstruction of a ureteral orifice, distal ureteral angulation secondary to prostatic enlargement, spread of prostatic malignancy, ureteral reimplantation, tight ureteral stenoses, urethral stricture).


3. Approximately 85% to 90% of ureteral obstructions and fistulae can be stented percutaneously. Very tightly obstructed ureters and ureters that are both tortuous and encased by tumor or fibrosis are the most frequent causes of failure of antegrade stent placement.


4. Internal ureteral stents may not drain kidneys as well as a PCN, especially when ureteral obstruction is caused by extrinsic compression or if intravesical pressure is elevated at rest or during micturition.




Complications



1. Improperly positioned stents will not provide optimal urinary drainage. This problem can be rectified with percutaneous, cystoscopic, or ureteroscopic techniques. Proximal stent migration can lead to perforation of the renal pelvis or calyces, which can result in a urinoma or even catastrophic exsanguination due to erosion of the stent tip into a renal vessel. Stents that have migrated up into the kidney above a lower ureteral stricture or anastomosis can be extracted through a nephrostomy track under fluoroscopic guidance. A second approach is to use ureteroscopy to reposition the caudal end of the stent within the bladder. A stent that is positioned too far cephalad (so that the distal end is no longer within the urinary bladder) is usually related to placement of too short a stent rather than to cephalad migration.


2. Symptoms attributable to the intravesical coil of the stent (even when properly positioned) occur commonly, including microscopic hematuria, pyuria, lower abdominal pain, dysuria, urinary frequency, nocturia, and flank pain on voiding (due to renal reflux of bladder urine).


3. Fatigue fractures and encrustation of ureteral stents may occur if stents are not periodically replaced. This should be carried out at least every 6 months and more often in patients who form stones.







Dilation of ureteral and urethral stenoses



Principles




1. Chronic ureteral stenting is not the optimal therapy for benign postoperative ureteral strictures, although it may be appropriate for malignant ureteral obstructions.


2. Many benign ureteral strictures are amenable to balloon catheter dilation or endourologic incision.


3. These procedures, if successful, can spare patients the nuisance of chronic indwelling stents or the risks of additional surgery.




Indications



1. An attempt at balloon catheter dilation of all benign ureteral strictures should be made before relegating patients to additional surgery or to chronic PCN or indwelling ureteral stent drainage.


2. Endoscopic incision, employed alone or in combination with balloon dilation and ureteral stenting, can relieve certain ureteropelvic junction (UPJ) obstructions (both congenital and acquired) and postoperative ureteroenteral anastomotic strictures.


3. Balloon dilation of ureters encircled by sutures sometimes results in disruption of the offending ligature, thus saving the patient an operation.


4. Balloon dilation of vesicourethral anastomotic strictures that develop after radical prostatectomy is a nonoperative alternative to endoscopic incision and appears to be less likely to cause urinary incontinence.





Contraindications



1. Ureteral strictures caused by malignant disease, either primary or recurrent


2. Inflammatory or traumatic urethral strictures appear to be more amenable to optical internal urethrotomy than to balloon dilation.




Technique



1. The strictured ureter is cannulated as described above.


2. Biopsies and/or other imaging studies are obtained to confirm that the stricture is of benign etiology.


3. A catheter with an inflatable balloon capable of withstanding high pressure (15 to 17 atmospheres of pressure) and inflated diameter of 6 to 10 mm (18 to 14 French) is used. Ureteral stenoses are generally inflated to 6 to 8 mm, whereas urethral stenoses are dilated with 8- to 10-mm balloons (24 to 30 French). The catheter is advanced across the stricture and the balloon inflated with diluted contrast material. A waist or narrowing is seen initially in the inflated balloon at the stricture site which should disappear with continued or repeated inflations if the balloon dilation is technically correct.


4. Following dilation, a ureteral stent is placed, which remains in situ for 6 to 8 weeks to maintain luminal patency while the ureteral musculature heals. Stenting is accomplished with the largest catheter that can be comfortably accommodated. This is generally 10 French if the stent traverses the intramural ureter, but it may be larger if a ureteroenterostomy stricture is dilated and stented.


5. After 6 to 8 weeks, the stent is exchanged for a PCN, and the efficacy of the dilation is assessed by a nephrostogram and urodynamic studies prior to catheter removal.


6. If the ureteral stricture has been dilated and stented in a retrograde fashion per urethra with an internalized double pigtail catheter (usually 7 to 8 French in size), assessment of efficacy of balloon dilation is performed with an IVU obtained at 1, 6, and 12 months after stent removal.


7. Similar techniques have been adapted to treat congenital UPJ obstructions by balloon dilation, endoscopic incision, and stenting.





Results



1. Approximately 58 percent of all benign ureteral strictures can be successfully dilated with balloon catheters, usually with one attempt.


2. If there is poor response to the first attempt at balloon dilation, a second attempt at balloon dilation is worthwhile because some strictures will respond favorably to a second similar procedure.


3. The etiology and age of the stricture seem to influence the outcome of dilation therapy. Strictures not associated with ischemia or dense fibrosis may be successfully dilated (including those that occur in renal allograft recipients). Those associated with radiotherapy or surgical devascularization have a much lower rate of success. Strictures that have been present for less than 3 months respond much better to dilation therapy than do those that are more chronic in nature.


4. Endoscopic incision followed by balloon dilation and ureteral stenting is more effective than balloon catheter dilation alone for ureteroenteral anastomotic strictures and UPJ strictures.


5. Unsuccessful balloon dilation does not adversely affect other therapeutic options, including chronic indwelling ureteral stenting, surgical revision, or insertion of a metallic expandable ureteral stent (Wallstent or similar device). Although favorable short-term results have been reported with metallic ureteral stents, the long-term efficacy of metallic stents has not been stellar.




Complications


No known permanent sequelae have resulted from unsuccessful dilation therapy. Laceration of ureteral mucosa or wall may occur with balloon dilation. These perforations heal uneventfully if the ureter is adequately stented and probably do not affect the outcome of dilation therapy.







Percutaneous drainage of renal and related retroperitoneal fluid collections



Principles



Percutaneous drainage of renal and related retroperitoneal abscesses almost always obviates the need for surgical drainage. Cross-sectional imaging is used for guidance for the drainage.





Indications


Renal abscess or infected renal cyst that fails to improve with broad-spectrum antibiotics or a large infected renal or retroperitoneal fluid collection that requires drainage.




Contraindications



1. Absence of a safe percutaneous drainage route


2. Small renal abscesses (less than 3 cm in diameter) can often be effectively treated with a course of intravenous antibiotics and may not require drainage.


3. Abnormal coagulation parameters




Technique



1. The anatomic relationship of the fluid collection to its surrounding structures is assessed by cross-sectional imaging (CT or, less commonly, US). A safe, extraperitoneal route that avoids puncture of viscera, pleura, and major vessels is planned for diagnostic needle aspiration and catheter placement.


2. Diagnostic aspiration is performed with a 20- or 21-gauge needle to confirm the diagnosis.


3. If diagnostic aspiration yields infected material, a catheter is introduced into the collection under fluoroscopic control, the abscess drained completely, and the catheter securely sutured in place to provide continuous drainage. Injection of contrast medium (to evaluate the size and appearance of the abscess and assess whether it communicates with the collecting system) is minimized at the time of the drainage to reduce the chances of inciting bacteremia or septic shock.


4. Septa within an abscess can usually be perforated with catheters and guide wires so that locules intercommunicate. Even so, multiloculated abscesses may require more than one catheter for complete drainage.


5. Multiple drainage catheters may be needed for renal abscesses that have spread retroperitoneally (one catheter for each component). Abscesses associated with ureteral obstruction require a PCN catheter in addition to the abscess drainage catheter.


6. Abscesses related to the urinary tract have less viscous contents than those that originate from the pancreas or gastrointestinal tract. Gravity drainage with 10 to 14 French pigtail or Malecot catheters is effective in draining most urinary tract abscesses. If the abscess contents are very viscous, large sump catheters placed to suction and periodic irrigation with saline may be required.


7. When there is clinical defervescence to the percutaneous drainage, patients can be switched to oral antibiotics from parenteral therapy, discharged from the hospital with their drainage catheters in place, and followed as outpatients. Periodic follow-up catheter studies and CT scans are usually obtained at 1- to 2-week intervals to ensure that the catheter remains patent. Follow-up CT scans also demonstrate if undrained locules exist.


8. If a patient fails to improve on antibiotics and catheter drainage, a CT scan is obtained to detect undrained locules, enteric communications, or misplaced catheters.


9. Indications for catheter removal include the following:


a. A satisfactory clinical response with defervescence of clinical signs of infection


b. Return of white blood cell count to normal


c. Cessation of drainage


d. Obliteration of the abscess cavity


10. Drainage catheters usually need to remain in place for an average of 2 to 4 weeks for most urinary abscesses. Renal abscesses usually resolve in less time than those that have spread extrarenally. The track will close following catheter removal if all infected material has been evacuated. Perinephric abscesses are often associated with an underlying abnormality such as stones or strictures that have to be treated after the abscess has resolved.




Results


Percutaneous abscess drainage can be expected to cure approximately 72 percent of renal and related retroperitoneal abscesses. This is a significant improvement compared to the results of surgical drainage and is due to the use of cross-sectional imaging techniques for evaluation, which allows the diagnosis of abscesses earlier in their development, needle aspiration to confirm the nature of a fluid collection, and also the efficacy of percutaneous drainage techniques.




Complications



1. Many patients develop transient bacteremia, febrile episodes, and even septic shock after percutaneous abscess drainage. These complications can be minimized by limiting catheter manipulation, lavage of the cavity, and/or contrast opacification of the abscess at the time of drainage. Definitive study of the abscess cavity should be deferred until the abscess has been effectively drained for several days.


2. Unsatisfactory clinical response may be due to partial drainage of septated collections or premature catheter removal.


3. An infected, obstructed calyceal diverticulum may be mistaken for a renal parenchymal abscess and continue to drain urine after the infection has cleared. Specific measures must then be directed toward dilating or occluding the neck of the diverticulum to prevent recurrence.




Percutaneous drainage of lymphoceles



1. Lymphoceles that occur after renal transplantation or pelvic surgery can be drained percutaneously but usually recur if only simple drainage is performed.


2. Sclerotherapy of the lymphocele cavity appears to be more effective in preventing fluid reaccumulation than simple catheter drainage alone. Agents used for sclerotherapy include tetracycline, with povidone-iodine (Betadine), or absolute alcohol in combination with Betadine. However, the therapy requires several weeks of treatment and is making laparoscopic surgery to create a peritoneal window the procedure of choice.




Percutaneous drainage of urinomas



1. Urinomas are urine collections that result from extravasation of urine due to obstruction of the renal collecting system, surgery, or trauma and are often contained within a fibrous pseudocapsule.


2. Urinomas may cause secondary ureteral obstruction.


3. Large urinomas can be aspirated or drained in conjunction with management of the cause of the urine leak with PCN and ureteral stenting. However, not all urinomas require drainage because small (and occasionally large) urinomas will usually resorb spontaneously if the urinary obstruction is relieved.







Renal cyst aspiration and ablation



Indications



Primary indication for this procedure is to decompress and/or obliterate a symptomatic benign simple renal cyst. Percutaneous ablation of a renal cyst is indicated if the lesion is producing pain, obstructive hydronephrosis, or segmental compression of portions of the collecting system with stasis of urine resulting in stone formation. Pain is the most common indication to perform renal cyst ablation.




Contraindications



1. An uncorrected bleeding diathesis


2. Aspiration and ablation of cysts in autosomal dominant polycystic kidney disease is rarely performed because of the difficulty in localizing a specific cyst or locule that may be causing the symptoms. Here again, the most common indication is flank pain.




Technique



1. Renal cysts are aspirated with a 20-gauge needle, using CT, or, most often, US guidance.


2. If the cyst is being punctured to ascertain whether it is responsible for the patient's flank or back pain, as much fluid as possible is aspirated from the lesion for a therapeutic trial. Ablation is deferred for a few weeks to see if the patient’s flank pain responds to the cyst decompression, and if it recurs when fluid reaccumulates within the cyst.


3. For cyst ablation, a small catheter or sheath is placed in the lesion, the majority of the cyst fluid is aspirated, and a sclerosing agent is then instilled into the cyst. The agent is left in for approximately a half hour and then aspirated before the catheter is removed.


4. Many sclerosing agents can obliterate renal cysts. Absolute alcohol is most often used because it appears to be the most consistent in its action.




Results



1. Most renal cysts reaccumulate after diagnostic aspiration, even if the cyst is drained completely.


2. The majority of renal cysts can be permanently obliterated, thereby relieving the symptoms that prompted the intervention.





Complications



1. Improper needle placement may cause perinephric hemorrhage, inadvertent puncture of adjacent organs (e.g., lung, gastrointestinal tract), infection, arteriovenous fistula, and urinoma formation.


2. Extravasation of sclerosing agents into the perinephric tissues can cause fat necrosis, soft tissue fibrosis, or a febrile reaction.





Urinary tract biopsy techniques



1. Soft tissue and visceral lesions related to the urinary tract and suspicious nodes lesions can readily be sampled for cytologic or histologic analysis when necessary for patient management. Prostate needle biopsy is considered elsewhere in this book.


2. Biopsies can be obtained with needles percutaneously placed into lesions (to biopsy renal masses, retroperitoneal masses, or nodes). Biopsy of urothelial lesions can be performed through percutaneously placed catheters or through retrograde catheters placed with cystoscopic guidance.




Indications



1. Evaluation of renal and adrenal masses in patients with a history of malignancy


2. A significant number, approximately 20%, of small renal masses may be benign but indistinguishable from renal cell cancer by imaging criteria. Interest is increasing in biopsying these masses for management decisions because the availability of immunohistochemistry often makes a definitive diagnosis possible on very small specimens.


3. Evaluation of urothelial irregularity or filling defects in patients with a past history of bladder or upper-tract urothelial cancer, or with hematuria




Contraindications



1. Contraindications to needle-aspiration biopsy include the following:


a. Hemorrhagic diathesis


b. Suspicion of an arteriovenous malformation in the area to be biopsied


2. There are no contraindications to transcatheter brush biopsy.





Technique



1. Needle biopsy


a. Most percutaneous biopsies are guided by CT or US, some by MRI, with operator preference, lesion size and location, and machine availability determining the modality used for guidance.


b. Biopsies performed with small (21- to 22-gauge), thin-walled needles yield samples for cytologic evaluation. Larger needles (14- to 20-gauge), often used in conjunction with automated, spring-loaded biopsy devices, yield specimens for histologic evaluation.


c. Aspiration biopsies are obtained and evaluated immediately by a cytopathologist to ascertain the adequacy of tissue sampling. Additional biopsies are performed until diagnostic material is obtained.


d. Large needles provide tissue cores of sufficient size for conventional histopathologic examination.


2. Transcatheter biopsy


a. This approach is most frequently used to obtain a brush biopsy of a pyelocalyceal or ureteral lesion suspicious for transitional cell carcinoma on noninvasive imaging studies.


b. An open-ended catheter is passed cytoscopically into the ureter or kidney. A guide wire on which a nylon brush is mounted is then passed through the catheter and the suspicious abnormality "brushed" under fluoroscopy. Exfoliated cells retrieved by the brush are subjected to cytologic analysis. A variety of brush configurations are available for approaching lesions through the collecting system and ureter. Other biopsy instruments, including forceps and snares, can be passed through larger catheters or sheaths inserted into the upper urinary tract.




Results



1. Transcatheter and percutaneous brush biopsies yield true-positive results in over 90% of cases. False-positive results are very infrequent.


2. Cytologic demonstration of malignant cells generally alters patient management by obviating the need for more invasive diagnostic techniques (including ureteroscopy), surgical biopsy, or staging procedures.


3. Negative findings do not exclude the presence of malignancy because they may represent sampling error. Therefore thin-needle aspiration or transcatheter brush biopsy is of value only when positive results are obtained.


4. Tissue-core biopsies analyzed histologically may have fewer false-negative results.




Complications



1. Complications include the following:


a. Blood vessel injury with bleeding, pseudoaneurysm, or arteriovenous fistula formation


b. Peritonitis due to bowel leak


c. Pneumothorax


d. Seeding of the needle track with malignant cells.
This may be more a theoretical than an actual risk. Only a handful of cases of spread of renal malignancy following aspiration biopsy has been reported. Nonetheless, because of the propensity for urothelial (but not parenchymal) tumors to spread along epithelial surfaces, suspected urothelial malignancies should not be biopsied percutaneously.


2. Brush biopsy is rarely associated with complications.


a. Patient discomfort and hematuria related to catheter manipulation and vigorous "brushing" of friable lesions
It is best to perform these biopsies with conscious sedation to keep the patient comfortable.


b. Collecting system or ureteral perforation with catheters or guide wires can occur but are innocuous if adequate urinary drainage, usually with a retrograde ureteral catheter, is maintained for a day or two after the procedure.




Image-guided ablation of renal tumors


Percutaneous tumor ablation is becoming a viable option for patients with renal cell cancer in whom nephron-sparing surgery is contraindicated because of significant comorbidities. The role of percutaneous ablation therapy in patients without surgical contraindications is still unclear. The two techniques in current use are radiofrequency ablation (RFA) and cryotherapy. Although RFA was initially the most widely used technique, cryotherapy is increasingly preferred because its ability to visualize the zone of necrosis as the procedure is performed is an advantage. Cryoablation also can be used to treat larger tumors than with RFA, and it is associated with fewer complications when treating central tumors near the collecting system.




Radiofrequency ablation


Electrodes are placed percutaneously in the tumor with CT guidance, and a high-frequency alternating current is applied to heat the tumor to 50 degrees C, which coagulates the tissues. Tumors that can be successfully ablated are usually less than 5 cm in diameter and located in the periphery of the kidney. Centrally located tumors are more resistant to RFA than peripheral tumors because the large vessels in the renal hilus disperse the heat, resulting in incomplete ablation. Ablation of centrally located tumors is also associated with a higher risk of injury to the collecting system. Anteriorly located tumors are often in proximity to the colon, and special maneuvers are necessary to prevent thermal injury to the colon. Tumor ablation is assessed by lack of enhancement of the lesion on follow-up contrast-enhanced studies, whereas foci of enhancing tissue indicate the presence of viable tumor.




Cryoablation


Cryoablation has been used with open surgery and percutaneously. Cell death is produced by producing extracellular and intracellular ice-crystal formation, and this "ice ball" can be visualized with imaging as the procedure is performed. Other techniques that are being investigated for renal tumor ablation include high-intensity focused ultrasound, microwave therapy, and renal ablation.




[image: icon01-9781455753598] Additional content, including Self-Assessment Questions and Suggested Readings, may be accessed at www.ExpertConsult.com.




Self-Assessment Questions


1. What is the best way to evaluate a patient presenting with acute flank pain?


2. What is the role of imaging in a patient with suspected acute pyelonephritis?


3. How should a patient with mild renal insufficiency and suspected transitional cell carcinoma be managed?


4. How should a patient with a primary neoplasm, such as a lung cancer, and an adrenal lesion be managed?


5. What factors influence the management of a patient with urinary tract calculi?
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Hyperaldosteronism < 5% MRI
Generally lack of
contrast washout at
15 minon CT
(exceptions exist in
literature)

Adenoma Benign 6%of 6% hy percortisolism Meannonenhanced CT | Resection if metabolically active or if large
population 1%hy peraldosteronism attenuation SHU, (>4 cmin young noncomorbid, >6 cmin
onautopsy 70%< 10HU elderly comorbid); cannot be differentiated

70% signal dropout from ACC on percutancous biopsy
oninand outof

phase MRI

>95% contrast

washout at 15 min on

cT

Myelolipoma Benign ~0.1%of None, but metabolic work-up | Macroscopic lipid No treatment necessary

population indicated because canmask | content on CT/MRI
small functional adenomas
Pheochromocytoma| 5% malignant 12 per 100,000 | Excess catecholamine secretion | > 10HU on noncontrast | Resection with appropriate perioperative
(high rates of best tested via interrogation | CT (cases of lipid- catecholamine blockade/monitoring
malignancy in of metanephrine (metabolic rich pheos reported)
extraadrenal byproducts) levels No signal dropout on
disease) inand out of phase
95% benign MRI
Generally lack of
contrast washout at
minon CT
Ganglionewroma | Benignbutcan | Exceedingly | None, but metabolic workup | Generally <40HUon | Diagnosis made upon resection
encase crifical | rare necessary because definitive [ noncontrast CT with
structures (.8, diagnosis cannot be made stippled calcifications
great vessels) preoperatively
Cysts Benignbutupto | ~0.1%of None, but gererally metabolic | Well<circumscribed Generally, resection in young and noncomorbid
7%associated | population workup advised nonenhancing cystic | patients
with onautopsy lesions often with
‘malignancy associated
calcifications
Oncocytoma 30%malignant | ~ 50 case 10% secrete sex steroids, No characteristic Diagnosis made upon resection
70% benign reports in cytokines, and/or cortisol radiographic
literature: signature
Metastases Malignant 51%ofall mets | None > 10HU on noncontrast | Adrenal metastasectomy utilized in patients with

o adrenal
stem from
lung

28% from
Kidrey

cr
No signal dropout on
inand out of phase
MRI

Generally lack of
contrast washout at

15 min on CT

solitary adrenal metastases from lung and
Kidney
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Disease Lesions Lymphadenopathy Systemic Symptoms

Primary syphilis Painless, indurated, with a clean base, usually singular Nontender, rubbery, nonsuppurative bilateral None
lymphadeno pathy

Genital herpes Painful vesicles, shallow, usually multiple Tender, bilateral inguinal adenopathy Present during primary
infection

Chancroid Tender papule, then painful, undermined purulent ulcer, single or| Tender, regional, painful, suppurative nodes None
multiple

Lymphogranuloma| Small, painless vesicle or papule progresses to an ulcer Painful, matted, large nodes develop, with fistulous Present after genital lesion
tracts heals
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and Manifestation or Open Surgical Repai)  Prophylaxis, Cystography, or Open Surgical  Option Option Consensus'!
Laterality ~ Age (y) Guideline Repain) Preferred Option

For Children without Scarring at Diagrosis
12, <1 Prophylaxis Boys and
unilateral girls
or -
5 ;
bilateral | Prophylaxis Boys and
girls
610 Prophylaxis Boys and
girls
34, <1 Prophylaxis Bilters: | Unilateral:
wilateral surgery if | sugery if
or persistent®! | persistent*!
bilateral
15 Unilateral: prophylaxis prophylaxis Surgery if
persistent®!
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prophylaxis persistentt!
Bilateral: surgery
5, wnilateral | <1 Prophylaxis Surgery if
or persistent’!
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Unilateral: prophylaxis Unilateral:
surgery
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For Children with Scarring at Diagnosis
12, <1 Prophylaxis Boys and
unilateral girls
or " - -
o et | 19 Prophylaxs Boys and
girls
610 Prophylaxis Boys and
girls
34, <1 Prophylaxis Girls: surgery | Boys: surgery
unilateral if if
persistent®l|  persistentt!
15 Prophylaxs Girls: surgery | Boys: surgery
if it
persistent®l|  persistentt!
610 Prophylaxis Surgery if
persistent®!
34, bilateral | <1 Prophylaxis Surgery if
persistent’!
15 Prophylads Surgery Surgery if
persistent’!
610 Surgery
5, wilateral | <1 Prophylaxis Surgery Surgery if
or persistent’!
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persistent!

610 Surgery
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Inheritable

Disease Entity

Autosomal recessive
polycystic kidney disease
(ARPKD)

Chromosomal Defect
Chromosome 6

Renal Findings
Innewbom usually large,
homogeneous, echogenic
Kidneys

Extrarenal Manifestations

Congerital hepatic bmais; billary dysgavssia

Autosomal dominant PKD1: chromosome 16 Renal cysts scattered Diverticulitis; liver, spleen, pancreatic cysts;
polycystic kidney disease PKD2: chromosome 4 throughout parenchy ma; mitral valve prolapse; intracranial (berry)
(ADPKD) PKD3; not mapped large kidneys aneurysms

Juvenile Chromosome 2; not mapped Cysts of corticomedullary Retinitis pigmentosa (16%; also known as
nephronophthisis/medullary junction; develop after Senior-Loken syndrome); rarely skeletal
cystic disease complex onset of renal failure; abnormalities, hepatic fibrosis, Bardet-Bied]
Juvenile nephrono phthisis always thickened tubular syndrome, ocular motor apraxia, and other
(autosomal recessive) basement membrane neurologic defects
Medllasy cystic deesse Cyemofcoticomeduley | Nome

(autosomal dominant)

junction; develop before
onset of renal failure;
tubular basement membrane
may NOT be thickened

Tuberous sclerosis (autosomal
dominant)

TSC1: chromosome 9 TSC2: chromosome 16

Cysts and angiomy olipomas
throughout kidney; cysts
even present in utero; 3%
incidence of RCC

Adenoma sebaceuny; epilepsy; mental
retardation; cranial tumors

von Hippel-Lindau disease | Chromosome 3 Cysts, adenons, and clear
(autosomal dominant) cell RCC (35%38% of
cases)
Noninheritable
Disease Entity Renal Findings Extrarenal Manifestations
Multicystic dysplastic kidney | Renal maldevelopment with diffuse cysts and remnants of | Unusual
early metanephros; minimal, if any, nephron
development; most frequent renal cystic disease in
newboms
Benign multilocular cyst Benign cystic neoplasm of the kidney; remainder of Nore
Kidney has normal nephrons that may be compromised
by growing mass; present more often in males when
less than 4 years of age and females when greater than
30 years of age
Simple cysts Single or multiple cysts; normal nephrons throughout | None
Kidney; very common in normal kidneys with
increasing age
Medullary sponge kidney Ectatic collecting ducts; nephrons usually normal Nore
Acquired renal cystic disease | Diffuse cysts; adenomes; occasionally RCC; increases | None

with duration of ESRD

Cerebellar hemangioblastomas; retinal
angiomas; pheochromocytomas; cysts of
pancreas and e pididy mis
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Drug Dose Side effects Remarks
Isoniazid (INH) | 5-10 mg/kg, up to 300 mg/day, PO or IM | Peripheral neuritis, he patitis Pyridoxine for prevention of neuritis; monitor liver function tests

Rifampin 10-20 mg/kg, up to 600 mg daily, PO Hepatitis, hy persensitivity, purpura (rare) | Orange discoloration of urine
byt | 5 ingm g2y, 70| e ity
Ethambutol 1525 mg/kg daily, PO Optic neuritis, skin rash Baseline visual acuity and color discrimination test
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Risk Factor Risk Score Points

Operation Type Other than Endocrine

Ry e o
Thoracoabdominal aneurysm, embolectomy/thrombectomy, venous reconstruction, and endovascular repair

Aneurysm 4
Stomach, intestines 4
Hemia 2

ASA Physical Status Classification

-

Work RVU

>17 3
10-17 2

Two Points for Each of These Conditions

Chemotherapy for malignancy within 30 days of operation

Preoperative serum sodium > 145 mmol/L

Transfusion > 4 units packed RBCs in 72 hours before operation

Ventilator dependent
One Point for Each of These Conditions

Wound class (clearn/contaminated)

Preoperative hematocrit < 38%

Preoperative bilirubin > 1.0 mg/dL
Zero Points for Each of These Conditions

ASA physical status class 1

Work RVU< 10

Male gender
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1-Point Risk Factors

2-Point Risk Factors 3-Point Risk Factors 5-Point Risk Factors

s e St Lot
BMI> 25 kg/m? Major open surgery (> 45 minutes) | Family history of VTE Hip, pelvis, or leg fracture
Swollenlegs Laparoscopic surgery (>45 Factor V Leiden Acute spinal cord injury (< 1

Varicose veins

Pregnancy/postpartum

Unexplained or recurrent spontaneous abortion
Oral contraceptives or hormone replacement
Sepsis (< 1 month)

Serious lung disease, including pneumonia (< 1
month)

Abnormal pulmonary function

minutes)

month)

eeesomows |

Other congenital or acquired
freombophilia

Acute myocardial infarction
Congestive heart failure (< 1 month)
History of inflammatory bowel disease
Medical patient on bed rest
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Syndrome Name Gene Involved Renal Tumors Other Manifestations

VonHippel-Lindau | VHL gene (3p25- | Clear cell RCC in 50% of patients (also type 1 papillary Cysts of the epididymis and pancreas, cerebellar
(VHL) disease 26) RCC) hemangioblastomas, retinal angiomas, and pheochromocytoma

Hereditary papillary | ¢-MET proto- Type 1 papillary RCC None described
REC D g
7q31)

Hereditary Fumarate hydratase | Type 2 papi Cutaneous and uterine leiomyomas
oot g
and RCC

Birt-Hogg-Dubé BHD1 Chromophobe RCC, oncocytoma, hybrid oncocytic cells | Cutaneous fibrofolliculomas, lung cysts with spontaneous
syndrome gene/folliculin (also clear cell RCC seen) pneumothorax
(17pl2q11)

Tuberous sclerosis | TSC1/TSC2 tuberin| Angiomyolipomas (AML; 60%-80% of patients), renal Facial angiofibroma, subependymal nodules epilepsy, mental
complex (TSC) cysts (20%-30% of patients), RCC (< 1%) retardation,
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Traditional National Institutes of Health Description

Acute bacterial Category I Acute infection of the prostate gland
e Catitie
Chronic bacterial | Category Il Chronic infection of the prostate gland
e Catitie
Non-applicable Category II: Chronic pelvic pain Chronic genitourinary pain in the absence of uropathogenic bacteria localized to the prostate gland employing
syndrome (CPPS) standard methodology

Nonbacterial Category A (inflammatory CPPS) Significant number of white blood cells in expressed prostatic secretions, postprostatic massage urine sediment
e Catitie R
Category IIB (noninflammatory CPPS) | Insignificant number of white blood cells in expressed prostatic secretions, postprostatic massage urine sediment
(VB3), or semen

Non-applicable Category IV: Asymptomatic White blood cells (and/or bacteria) in expressed prostatic secretions, postprostatic massage urine sediment
inflammatory prostatitis (AIP) (VB3), semen, or histologic specimens of prostate gland
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