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C H  A P T E R

   URINARY TRACT OBSTRUCTION 
 Introduction 
Urinary tract obstruction is a common problem encountered 
by nephrologists, urologists, primary care physicians, hos-
pitalists, and emergency medicine physicians. Obstruction 
can occur at any point in the urinary tract from the kidneys 
to the urethral meatus. It may develop secondary to calculi, 
tumors, strictures, anatomic abnormalities, or functional 
abnormalities.

Functionally, urinary tract obstruction can be  divided
into upper and lower urinary tract etiologies. The upper 
tract consists of the kidneys, the ureteropelvic junction 
(UPJ), ureters, and the ureterovesical junction (UVJ). The 
lower urinary tract consists of the bladder, the bladder neck, 
the urethra, the urethral meatus, and, in male patients, the 
prostatic urethra. Each entity has its own causes of urinary 
tract obstruction along with its own set of symptoms and 
treatments to relieve obstruction. 

Obstructive uropathy can result in pain, urinary tract in-
fection (UTI), a loss of renal function, sepsis, or death. Thus, 
suspected cases of urinary tract obstruction merit a consul-
tation with a specialist for an evaluation. Because long-term 
obstruction can lead to irreversible damage to the function 
of the nephron, early detection is essential to preserving re-
nal function. The principles of treatment are identi  cation 
and a relief of the obstruction. 

 Incidence 
The incidence of hydronephrosis reported by Bell 1 in a  series of 
32,360 autopsies was 3.8% (3.9% in males, 3.6% in females). 
The incidence of clinical manifestations of obstructive uropa-
thy prior to death was not reported, and it is likely that hy-
dronephrosis was an incidental autopsy   nding in many of 
these patients. The incidence of hydronephrosis at autopsy is 
somewhat lower in children than in adults, at 2% in one  series 
of 16,000 autopsies. 2 Over 80% of children with hydrone-
phrosis at autopsy were less than 1 year old with the balance 
of childhood cases being distributed uniformly through the 
childhood years. In women, hydronephrosis is more likely to 

occur between the ages of 30 to 70 years secondary to preg-
nancy and gynecologic malignancies. In men, hydronephrosis 
is most likely to occur after the age of 60 secondary to pros-
tatic obstruction from benign prostatic  hyperplasia.3

 Etiology 
Urinary tract obstruction impedes the   ow of urine from 
the kidney to the urethral meatus. This obstruction causes 
distention of the urinary tract proximal to the point of ob-
struction. This distention is caused by the increase in intra-
luminal pressure and can result in pain, which may be the 
  rst sign of obstruction. Distortion of the urinary tract and 
renal failure can develop from obstruction. The severity of 
damage depends on the degree and duration of obstruction. 
When the urinary tract is obstructed, urinary stasis develops 
predisposing the patient to acute or chronic renal failure, 
UTI, sepsis, or death. 

 Upper Urinary Tract Obstruction 
Obstruction of the upper urinary tract can occur anywhere 
from the kidney down to the ureterovesical junction.  Certain
points along this path are more susceptible to obstruction. 
There are three main points of anatomic narrowing that 
urine must pass to get from the upper urinary tract to the 
lower urinary tract. These points are the ureteropelvic junc-
tion, the crossing of the ureter over the area of the pelvic 
brim as it runs anterior to the common iliac vessels, and the 
ureterovesical junction. The narrowest point among these 
three is the ureterovesical junction. The bladder itself can 
also cause a functional obstruction to the upper tract in cases 
of neurogenic bladder or severe bladder outlet obstruction. 

The most common causes of upper tract obstruction are 
listed in Table 19.1. Intraluminal obstruction is most com-
monly caused by calculi, blood clots, tumors, or sloughed 
papilla. These obstructions tend to be acute in nature, 
leading to symptoms of severe renal colic with   ank pain, 
hematuria, nausea, vomiting, and fever. Ureteral strictures 
tend to develop over time, causing chronic obstruction and 
renal atrophy. They can be caused by stone disease, cancer, 
maldevelopment, and iatrogenic injuries from ureteroscopy. 
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 aneurysms and common iliac artery aneurysms have also 
been implicated in causing ureteral obstruction. Vascular 
graft placement has been shown to cause hydronephrosis in 
up to 10% to 20% of patients from a mechanical obstruction 
of the ureter, which may or may not resolve spontaneously. 3  

 A retrocaval ureter caused by the persistence of the pos-
terior subcardinal vein in utero causes obstruction by cours-
ing the ureter behind the inferior vena cava, which in turn 
causes an obstruction. A majority of these cases happen on 
the right side with a male predominance. Most patients be-
come symptomatic in the third or fourth decade of life. 3  

 Retroperitoneal   brosis can cause unilateral or bilateral 
ureteral obstruction by trapping the ureters in the   brotic tis-
sue. This trapping inhibits ureteral peristalsis, thus impeding 
the   ow of urine. Grossly, retroperitoneal   brosis can appear 
as   brosis, a whitish plaque surrounding the  retroperitoneal 
structures, including the ureters. An underlying malignancy 
can be the cause in 8% to 10% of such cases. 3  

 In children, an obstruction may be more commonly 
due to a ureteropelvic junction or a ureterovesical junction 

 In female patients, an additional area of narrowing 
can occur as the distal ureter crosses posterior to the pelvic 
blood vessels and the broad ligament in the posterior pel-
vis. Women may also experience urinary tract obstruction 
when the ureters become externally compressed by pelvic 
tumors or by locally advanced gynecologic malignancies. In 
older women, a severe prolapse of the pelvic organs, such 
as the bladder (cystocele) or uterus (procidentia), can lead 
to urinary tract obstruction. In younger women, pregnancy 
can cause urinary tract obstruction secondary to ureteral 
 obstruction from the gravid uterus. Gynecologic malignan-
cies must always be considered when upper tract obstruc-
tion is present. 

 Extrinsic causes of upper urinary tract obstruction are 
less common but can still cause signi  cant obstruction by 
applying pressure to the urinary tract or by impairing ure-
teral peristalsis. A lower pole vessel arising from the aorta, 
known as a crossing vessel, can cause an obstruction to the 
UPJ or the proximal ureter, which can lead to signi  cant 
 renal atrophy or failure of that kidney. Abdominal aortic 

TA B L E

UPJ, ureteropelvic junction; BPH, benign prostatic hyperplasia; UVJ, ureterovesical junction.

Types of Upper Urinary Tract Obstruction Types of Lower Urinary Tract Obstruction

UPJ obstruction BPH

Renal/ureteral calculi Urethral stricture

Renal or urothelial cancer Posterior urethral valves

Ureteral stricture Prostate cancer

UVJ obstruction Bladder cancer

Fibroepithelial polyp Meatal stenosis

In  ndibular stenosis Prolapsing ureterocele

Retroperitoneal   brosis Bladder/urethral calculi

Pelvic lipotomasis Foreign body

Retrocaval ureter Bladder neck contracture

Retro-ovarian vein syndrome Pelvic organ prolapse

Lower pole crossing vessel

Retroperitoneal/pelvic mass

Ureterocele/ectopic ureter

Abdominal aorta aneurysm

Urinary Tract Obstruction
TA B L E

19.1
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comfortable. In contrast, a patient with peritonitis would 
lie very still and not move. 

Lower urinary tract obstruction (bladder, urethra) can 
manifest as voiding dysfunction such as urgency, frequency, 
nocturia, incontinence, decrease in the force of stream, hesi-
tancy, postvoid dribbling, and a sensation of incomplete 
emptying. Suprapubic pain or a palpable bladder indicates 
urinary retention in some cases. An infection may be pres-
ent, and patients may experience dysuria. Hematuria may 
be present with or without infection. Gross hematuria may 
indicate the presence of a tumor; stone; infection; blood clot; 
bleeding vessel in the kidney, ureter, bladder, prostate, or 
urethra; or a foreign body present within the lower or upper 
urinary tract. 

A digital rectal examination can reveal prostate enlarge-
ment, a normal-sized prostate, or in  ammation suggestive 
of prostatitis. A urethral stricture often requires a cystoscopy 
for diagnosis. A urethral meatal stenosis is usually apparent 
on a physical examination. Patients with a urethral stricture 
may report a history of trauma, instrumentation, radiation to 
the pelvis, or a sexually transmitted disease. They may also 
experience a split urinary stream. In women, the presence of 
a uterine or bladder prolapse can be visualized on a pelvic 
examination. A urethral diverticulum can also be palpated 
on a physical examination. 

Indications to treat a patient with urinary obstruction 
include a patient with bilateral complete obstruction; any 
type of obstruction in a solitary kidney; an obstruction caus-
ing fever, infection, or both; or a renal failure needs immedi-
ate attention by a trained physician. Patients with pain that is 
uncontrolled with oral pain medications or persistent nausea 
and/or vomiting, which causes dehydration, also need im-
mediate medical attention as well as hospital admission. 

In addition, patients may also present with sequelae of 
urinary tract obstruction such as renal cortical atrophy, hy-
dronephrosis, kidney failure, polycythemia, hypertension, 
bladder or renal calculi, UTI or sepsis, or urinary ascites. 

 Hydronephrosis, Renal Cortical Atrophy, 
and Renal Failure 
The volume of the unobstructed collecting system of a 
kidney is between 5 to 10 mL. Once a kidney or ureter 
becomes obstructed, the proximal collecting system will 
become  dilated. Chronic urinary obstruction can lead 
to massive dilation. With this dilation, an increase in 
intraluminal pressure can occur proximal to the obstruc-
tion. This pressure and dilation will eventually affect the 
medulla of the kidney, with increasing pressure in the tu-
bules of the cortex of the kidney causing cortical thinning 
and atrophy. In children, this can happen at an accelerated 
rate with minimal dilation or symptoms, so prompt man-
agement is required. 

Although hydronephrosis is a strong sign of urinary tract 
obstruction, a renal cortical atrophy of the kidney is what 
leads to acute and chronic renal failure. Three  mechanisms

obstruction, a ureterocele, an ectopic ureter, or an obstruct-
ed megaureter. Prenatal screening with ultrasonography is 
important and vital for the early detection of an obstruction. 
In addition, children with new onset incontinence or UTI 
need a workup because they may also have some type of 
urinary tract obstruction. 

 Lower Urinary Tract Obstruction 
A lower urinary tract obstruction can occur anywhere from 
the bladder to the urethral meatus. A good history and phys-
ical examination can help delineate an upper from a lower 
urinary tract obstruction in a majority of patients. In older 
men, the most common cause of obstruction is benign pros-
tatic hyperplasia (BPH), which causes growth of prostatic 
tissue into the prostatic urethra. This causes the mechani-
cal obstruction of urine   ow from the bladder to the distal 
urethra. Symptoms of BPH can include the frequency of uri-
nation, an urgency of urination, increasing nocturia, slow 
stream, postvoid dribbling, incontinence, or an inability to 
void. In younger boys, posterior urethral valves can cause 
signi  cant obstruction. 

Urethral or bladder neck strictures can cause a mechan-
ical obstruction to the   ow of urine from the bladder to the 
meatus, which usually results in severe lower urinary tract 
symptoms or an inability to void. These strictures can be 
developmental in nature as well as infectious or iatrogenic. 
Prior prostate surgery can also lead to bladder neck contrac-
tures or the regrowth of prostate tissue, which can lead to 
obstructive symptoms or an inability to void. 

 Clinical Syndromes of Urinary Tract 
Obstruction 
The clinical presentation of urinary tract obstruction var-
ies with the location, duration, degree of obstruction, and 
the patients themselves. A thorough history and physical 
examination is key in the patient evaluation. An upper 
urinary tract obstruction (kidney, ureter) can manifest as 
  ank pain, ipsilateral back pain, ipsilateral groin pain, or 
no pain at all. Nausea and vomiting are also common and 
usually occur in acute obstruction. Chronic obstruction is 
usually indolent and may be asymptomatic. When infec-
tion is present, the patient may experience fever, chills, 
and/or dysuria. Hematuria may or may not be present. 
When a bilateral obstruction or a unilateral obstruction 
in a solitary kidney is severe and renal failure exists, a 
uremia can be present in the patient, as well as anuria. 
Symptoms of uremia can include weakness, peripheral 
edema, mental status changes, and pallor. If hydronephro-
sis is severe, the kidney may be palpable on a physical 
examination, especially in children. In cases that involve 
an infectious process, costovertebral angle tenderness 
may indicate pyelonephritis. Pain from an obstruction of 
a stone in the ureter will manifest as waxing and wan-
ing severe pain. During these pain episodes, the patient 
will often be found rolling around in bed unable to get 
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recommend  endoscopic approaches for these stones to re-
move all stone burden within the collecting system. 3 These 
stones have a natural tendency to reoccur if all stone burden 
is not removed or if the infection causing the stones is not 
eradicated.3

 Hypertension Associated with 
Urinary Tract Obstruction 
In urinary tract obstruction, hypertension may develop for 
many reasons, including extracellular   uid (ECF) volume 
expansion, increased renin secretion, or decreased synthe-
sis of prostaglandins. After the relief of bilateral obstruction, 
volume overload from   uid resuscitation may result in tem-
porary hypertension. 

A unilateral urinary tract obstruction (UUO) has been 
proven as a cause of temporary hypertension. The relief of 
temporary hypertension and the return of normal renal vein 
renin levels has been shown with the removal of upper tract 
unilateral obstruction compared to the obstructed kidney. 5–7

This sequence resembles the hypertension associated with 
unilateral renal artery stenosis both in rats and humans. 
Indeed, ureteral occlusion does cause an acute increase in 
renin release from the obstructed kidney. 8,9

 PATHOPHYSIOLOGY OF URINARY 
TRACT OBSTRUCTION 
The aforementioned clinical syndromes also in  uence the 
pathophysiology of obstructive uropathy. Speci  cally, the 
age of the patient and level of obstruction are important, 
as well as the severity and duration of obstruction and the 
presence or absence of complications such as infection 
or sepsis. 

have been proposed as to why hydronephrosis leads to renal 
failure. The   rst is pressure atrophy due to the rise of intralu-
minal pressure proximal to the obstruction, leading to dam-
age to the cortex of the kidney. The second is an intrarenal 
re  ux, most commonly seen in children with vesicoureteral 
re  ux, which is the re  ux of urine into the ureters and kid-
neys from the bladder during micturition due to insuf  cient 
tunnel length of the intravesical portion of the ureters, caus-
ing the ureters to be open during a bladder contraction. This 
re  ux can cause damage to both the medulla and cortex of 
the kidney, especially if the urine is infected. 4,5 The third 
cause is ischemia due to a lack of renal blood   ow. This can 
be caused by a massive renal pelvis impeding blood   ow 
through the renal hilum. A chronic obstruction also can lead 
to decreased renal blood   ow, which can lead to ischemic 
atrophy of the kidney. 

 Urinary Tract Infection Associated 
with Obstruction 
A UTI can be a serious or even a fatal complication of urinary 
tract obstruction. The stasis of urine behind the obstruction 
provides a perfect medium for bacteria to proliferate. The 
symptoms of a UTI depend on the location and severity of 
the infection. Acute pyelonephritis will usually present with 
fever and ipsilateral   ank or back pain and costovertebral 
angle tenderness, whereas acute cystitis or urethritis will 
present with suprapubic tenderness, dysuria, and increased 
frequency or urgency. 

The main goal of treating a UTI with urinary tract ob-
struction is to relieve the obstruction if possible and place 
the patient on empiric antibiotics while the culture is pend-
ing. Upper urinary tract obstruction often requires ureteral 
stenting and, less frequently, nephrostomy tube placement. 
Lower urinary tract obstruction typically requires Foley 
catheter placement. The urine culture can be negative if the 
sample is taken distal to the obstruction. If the patient con-
tinues to have fevers 48 hours after appropriate antibiotics 
are started, the patient should undergo repeat imaging. 

 Urolithiasis 
Urinary tract calculi are a common cause of obstruction in 
the upper urinary tract (Fig. 19.1). Ureteral calculi can ob-
struct the ureter and may require surgical management if 
medical expulsive therapy is unsuccessful or not advisable. 
In the absence of infection, conservative management for a 
patient with a ureteral stone smaller than 5 mm is appropri-
ate as there is a high likelihood of stone passage. 3 Ureteral 
stones larger than 5 mm are unlikely to pass spontaneously 
and may require earlier surgical intervention. 

Complicated upper urinary tract calculi are often 
struvite (magnesium ammonium phosphate–calcium car-
bonate) and result from the association of urinary infec-
tion with urea-splitting bacteria. The current management 
of these stones is an aggressive surgical approach. The 
American Urological Association (AUA) guidelines strongly 

FIGURE 19.1 An axial computed tomography image of a 
known cystine stone former showing bilateral lower pole stones 
and a stone within the patient’s left proximal ureter.
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Glomerular   ltration may be expressed by the formula:  GFR 
Kf ( PGC – [P T   GS]), where  Kf is the glomerular ultra  ltration 
coef  cient,  PGC is the glomerular capillary pressure,  PT is the 
intratubular pressure, and   GC is the mean oncotic pressure 
along the glomerular capillary.    P is the difference between 
PGC and  PT and represents the pressure gradient across the glo-
merular capillary wall. An increase in  PT without a concomi-
tant increase in  PGC will result in a decrease in    P, the driving 
force for   ltration. 3 Glomerular   ltration also depends on the 
rate of blood   ow entering the glomerular capillary. A de-
crease in glomerular blood   ow during obstructive uropathy 
will decrease GFR because the rate at which capillary oncotic 
pressure rises is accelerated when a given volume of   ltrate 
is removed from a smaller volume of blood. Both glomerular 
blood   ow and hydrostatic pressure depend on renal vascu-
lar resistance, which is largely divided between two resistance 
segments—the preglomerular segment (afferent arteriole) and 
the postglomerular segment (efferent glomerular arteriole). 
Peritubular capillaries may also provide a postglomerular vas-
cular resistance in urinary tract obstruction. 

 During Obstruction 
After either a unilateral or bilateral ureteral obstruction, re-
nal blood   ow increases signi  cantly (15% to 25%) in the 
  rst 1 to 2 hours and is accompanied by an increase in  PT.
This decrease in renal vascular resistance immediately after 
a complete ureteral obstruction is probably secondary to the 
synthesis and release of vasodilator prostaglandin (PG; see 
the following paragraphs). With persisting unilateral or bi-
lateral ureteral obstruction, renal blood   ow progressively 
decreases to 40% to 50% of normal levels by 24 hours. 14,15

GFR is more markedly reduced than renal blood   ow; that is, 
  ltration fraction is low, and GFR is 20% to 30% of normal 
levels in both UUO and BUO obstruction after 24 hours. 16,17

However, the site of changes in intrarenal vascular resistance 
and, therefore, the mechanisms responsible for the decrease 
in GFR differ between UUO and BUO (Table 19.2). 

After an acute UUO, there is an immediate increase 
in intrapelvic and proximal tubular hydrostatic pressure, 
the severity of which depends on the diuretic state of the 
animal.18 Despite this increase in intratubular pressure, the 
GFR in surface nephrons is about 80% of normal because 
of an increase in glomerular capillary hydrostatic pressure 
and glomerular plasma   ow secondary to afferent arteriolar 
dilation and decreased renal vascular resistance. 19 As uni-
lateral obstruction persists, progressive vasoconstriction and 
a decrease in nephron   ltration rate develop within about 
4 hours. By 24 hours, surface nephron GFR is 30% of nor-
mal because of a decrease in glomerular capillary pressure 
and plasma   ow associated with an increase in renal vascular 
resistance, presumably at the level of the afferent arteriole. 16

Proximal intratubular pressure is now normal rather than in-
creased as during the   rst few hours of obstruction. 14,16,20–22

During acute BUO, proximal tubular hydrostatic pressure 
increases to a higher level than after unilateral  obstruction 

The effects of obstruction on renal function may be dis-
cussed by considering the functions of the kidney, including 
renal blood   ow (RBF), glomerular   ltration rate (GFR), and 
tubular function. The endocrine–metabolic aspects of renal 
function must be considered, particularly the renin–angio-
tensin and prostaglandin systems. 

 Hydrodynamics in the Urinary Tract 
Under normal conditions, the propulsion of urine from the 
kidney to the bladder under normal conditions is the re-
sult of three factors: (1) hydrostatic pressure, (2) ureteral 
and pelvic peristalsis, and (3) the rate of urine   ow. 10,11 The 
urinary collecting system is lined by a transitional epithe-
lium and surrounded by circular and longitudinal layers of 
smooth muscle. Action potentials that originate in smooth 
muscle cells of the minor calyx in the renal pelvis are con-
ducted along the pelvis and down the ureter. The urine en-
ters the pelvis and the proximal ureter in a passive state, but 
the presence of urine in the ureter causes peristalsis of the 
ureteral wall. Dilation of the ureter clearly interferes with 
this process. The nature of normal ureteral peristalsis also 
prevents retrograde transmission of the pressures generated 
during coaptation (10 to 25 mm Hg) to the renal pelvis, and 
renal pelvic pressures seldom rise above 4 mm Hg. 10

After acute obstruction, smooth muscle   bers increase 
in tension within the urinary tract in response to the increase 
in pressure by contracting. With persistent obstruction, ten-
sion may decrease as the smooth muscle of the ureteric wall 
contracts with less force, and dilation of the wall continues. 
With a superimposed urinary infection, as often occurs in 
chronic obstruction, the loss of muscle tone is even more 
dramatic and progressive dilation occurs with no further in-
crease or decrease in wall tension. 12

Evidence shows that even with a completely obstructed 
kidney,   ltration at the level of the glomeruli does not stop. 
Urine may escape through the walls of the collecting system, 
known as forniceal extravasation, and can relieve pressure 
within the collecting system. In addition to renal tubular re-
absorption, urine may be reabsorbed directly across the walls 
of the renal pelvis through the lymphatics (pyelolymphatic 
re  ux) or the renal venous system (pyelovenous re  ux). The 
lymphatic   ow from the kidneys is increased markedly dur-
ing acute and chronic obstruction. This is most likely due to 
increased pressure within the venous system of the kidney 
rather than to urine reabsorbed from the renal pelvis.  13

 Changes in Intrarenal Pressure, Glomerular 
Filtration, and Renal Hemodynamics 
The factors determining the fall in GFR during obstructive 
uropathy have been clari  ed by micropuncture studies of glo-
merular dynamics in experimental animals. Changes in intra-
tubular pressure including stop-  ow pressure, which repre-
sents glomerular   ltration pressure, have provided  important 
insight on the pathophysiology of obstructive nephropathy af-
ter unilateral (UUO) and bilateral ureteral  obstruction (BUO). 
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they soon normalize after 1 week. 16,21,22  Following the relief 
of bilateral obstruction for 24 hours, intratubular pressure 
decreases from elevated levels to normal, but glomerular 
capillary pressure and plasma   ow also decrease because of 
afferent arteriolar vasoconstriction, resulting in a persistent 
decrease in GFR. 17,24,27,32,33  Afferent arteriolar pressures ap-
pear to keep renal blood   ow and glomerular   ltration simi-
lar the   rst day after relief of the obstruction. 

 GFR recovery is dependent on both the duration and 
the severity of the obstruction. Studies in dogs have looked 
at reversible factors in the recovery of GFR. 34,35  The maxi-
mum GFR retained after obstruction of 7 days’ duration was 
about two-thirds of the GFR before obstruction. When the 
duration of obstruction was 1 month, the GFR returned to 
only 20% of its original function. In general, the maximal 
degree of recovery was observed within 2 to 4 weeks after 
release of the obstruction. 34,35  

 Nephron function after recovery from an obstruction is 
not uniform throughout the kidney. There is a decrease in the 
functioning juxtamedullary nephrons in the super  cial cor-
tex of rats after 1 day of UUO. 21  One study showed an 85% 
recovery of the whole obstructed kidney and 100% function 
in the contralateral nonobstructed kidney after 2 weeks with 
a return to normal GFR. 36  The single-nephron GFR of func-
tioning super  cial and juxtamedullary nephrons was higher 
postobstruction than in the contralateral normal kidney. 

 The   ndings of function recovery after an obstruc-
tion have also been observed in humans, but the number 
of  supporting clinical studies is limited to children with 
 congenital lesions. These studies have shown that the earlier 
the relief of obstruction, the greater return in GFR during 
follow-up. 37,38  

and, in sharp contrast to unilateral obstruction, intrarenal 
pressure remains twice the normal level after 24 hours. Renal 
blood   ow changes are similar to unilateral obstruction. 15,23,24

The surface nephron GFR after 24 hours is reduced to about 
30% of normal levels in BUO as in UUO. However, the decrease 
in GFR in BUO is because of a persistent increase in proximal 
tubular hydrostatic pressure, whereas glomerular capillary 
pressure and plasma   ow are normal. 17  The  predominant site 
of increased vascular resistance thus appears to be the efferent 
arteriole during a bilateral obstruction, compared to the affer-
ent arteriole with a unilateral obstruction. 

 In addition to increasing renal blood   ow for  several 
hours and increasing pressures in the ureter and renal tu-
bules, an acute ureteral obstruction has hemodynamic ef-
fects. 25  Several effects have been observed and include blunt-
ed vasoconstrictor responses and decreased  autoregulation of 
renal blood   ow when ureteral pressure exceeds 75 mm Hg. 
RBF is directly related to arterial pressure, and vasodilator 
effects may be shifted due to increased levels of renin being 
released from the obstructed kidney. 26–30  

 During a chronic complete ureteral obstruction, renal 
blood   ow progressively decreases. After 1 day of a com-
plete obstruction, there is a 40% to 50% decrease in renal 
blood   ow to the kidneys. Prolonged UUO is associated with 
a further decrease in blood   ow to 30% at 6 days, 20% at 
2 weeks, and 12% at 8 weeks. 31  The glomerular   ltration 
rate depends on the   uid status of the patient and may not 
change during a chronic partial obstruction. 

 After Relief of Obstruction 
 At 1 day postrelief of a unilateral obstruction, GFR remains 
reduced and renal vascular resistance is increased. However, 

Comparison of Changes in Hemodynamics and Filtration Dynamics in Complete Unilateral 
and Bilateral Ureteral Obstruction

Unilateral Ureteral Obstruction  Bilateral Ureteral Obstruction

During During

1–2 hr  18–24 hr  After  1–2 hr  18–24 hr  After

RBF ↑  ↓  ↓  ↑  ↓  ↓

PT ↑ N  N ↑↑  ↑ N

GFR ↓  ↓↓  ↓↓  ↓  ↓↓  ↓↓

GPF ↑  ↓  ↓  ↑ N ↓

PGC ↑  ↓  ↓  ↑ N ↓

TA B L E

RBF, renal blood   ow; PT, proximal tubular pressure; GFR, glomerular   ltration rate; GPF, glomerular plasma   ow; PGC, glomerular capillary pressure; ↑ , 
increase; ↓ , decrease; N, normal.

TA B L E

19.2
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the   rst few hours of an obstruction. This cascade of events 
can lead to tubular cell apoptosis. 3

 Postobstructive Diuresis 
During acute partial UUO, there is a signi  cant decrease in 
sodium, potassium, and solute excretion with a decrease 
in urine sodium concentration and an increase in urine 
osmolality. 58 This is due to the increase in both sodium and 
water reabsorption within the tubules during a partial ob-
struction,58 which had   rst been thought to be due to a decline 
in GFR seen with obstruction. 49,59 This reverse phenomenon 
seen with increased blood   ow and increased reabsorption 
of sodium with the juxtaglomerular cortical nephrons is not 
expected and appears not to be due to renal nerve activity. 60,61

During chronic partial obstruction, the gradual decrease 
in GFR is accompanied by an increase in the fractional excre-
tion of   ltered sodium, thus indicating decreased tubular re-
absorption. A micropuncture of surface nephrons in chronic 
partial UUO or of a solitary kidney with a partial obstruction 
in the rat indicates that the increased fractional excretion of 
sodium is due to decreased reabsorption in the distal tubule 
or the collecting duct of the nephron. 62

After the relief of chronic partial UUO in humans, there 
is no increase in absolute sodium and water excretion from 
the hydronephrotic kidney, although a decreased concen-
trating ability and an increased fractional excretion of sodi-
um are observed. 63 Other factors, such as volume expansion 
or a further reduction in functioning nephron mass with 
uremia, are necessary to cause an increase in salt and water 
excretion ( postobstructive diuresis) following the relief of an 
obstruction.

After the relief of a complete obstruction of both kidneys 
or a solitary kidney, there is a prolonged diuresis due to mas-
sive losses of water, sodium, and other solutes. A single study 
showed urine output can equal one-half of the GFR, indi-
cating a dramatic decrease in the reabsorptive ability of the 
nephron. 64 If not replaced, such losses can lead to severe hy-
povolemia and life-threatening electrolyte imbalance due to 
signi  cant losses in sodium and water from an inability to re-
absorb them in the nephron. 65,67–70 However, a brisk diuresis 
following the relief of a urinary tract obstruction may also be 
physiologically appropriate or even iatrogenic rather than an 
indicator of tubular malfunction. The degree of   uid replace-
ment in a given case will depend on the mechanism involved. 
Salt diuresis due to ECF expansion can lead to hypervolemia 
and an increase in atrial natriuretic peptide (ANP) levels, 
stimulating a diuresis after the relief of the obstruction. This 
can be continued after the relief of an obstruction iatrogeni-
cally due to physicians keeping up with urine output during 
the diuresis with intravenous   uids that maintain a high ECF 
volume. Another factor could be the amount of retained urea 
within the bloodstream and nephrons that act as an osmotic 
diureticlike mannitol, 65,67,71 leading to natriuresis. Recovery 
of GFR is dependent on the duration of obstruction and will 
dictate the length of postobstructive diuresis. 72

 Mechanisms of Changes in Glomerular 
Filtration Rates and Renal Hemodynamics 
Changes in renal hemodynamics and GFR in obstructive ne-
phropathy are of interest because of their clinical  signi  cance. 
Nishikawa et al. 39 demonstrated increased PG synthesis in 
the hydronephrotic isolated perfused kidney, which leads 
to changes within the kidney on a metabolic and hemody-
namic level. Vasodilator and vasoconstrictor PGs have been 
studied in relation to the functional changes of urinary tract 
obstruction with respect to renal hemodynamics. 

The early hemodynamic consequences of acute ureteral 
obstruction are blunted or prevented by the inhibition of 
PG synthesis after indomethacin. This was studied by giving 
it prior to obstruction, then measuring intraureteral pressure 
of the affected kidney. 40 The studies also found decreases in 
glomerular capillary pressures and proximal tubular pressure 
with its administration. 40–44 The increase in RBF beginning 
immediately after UUO is prevented by indomethacin or me-
clofenamate and a similar effect is seen on the vasodilatation 
that follows BUO. 40–44,46,47 The impairment of autoregulation 
that is seen in the kidney with ureteral obstruction is pre-
vented by indomethacin, and normal autoregulation of renal 
blood   ow with changes in arterial pressure is restored in 
the obstructed kidney. 44 A recent study in 2010 showed that 
Cox-2 inhibition led to decreased intrarenal levels of prosta-
glandins in bilateral ureteral obstruction with concomitant 
ureteral relaxation and decreased contractility in rats. 48

Two vasoconstrictors, TXA 2 and Ang II, play a major 
role in the decrease in renal plasma   ow per nephron and 
the decline in single-nephron GFR seen following ureteral 
obstruction.47 Both TXA 249 and Ang II 50 are able to contract 
mesangial cells in culture and reduce the glomerular capil-
lary area available for   ltration, which leads to a decrease 
in GFR. Rats pretreated with angiotensin-converting enzyme 
(ACE) inhibitors and thromboxane synthesis inhibitors 
before ureteral obstruction were observed not to show a de-
cline in renal function. 51

 The Renin–Angiotensin System 
Maximal renin secretion into the renal veins has been ob-
served shortly after ureteral obstruction due to afferent ar-
teriole dilatation associated with the aforementioned post-
obstructive renal hemodynamics. 52,53 This secretion has 
been shown to be completely halted by the preobstruction 
administration of cyclooxygenase inhibitors, leading to the 
conclusion that renal cortical prostaglandins may act as a 
strong stimulus for renin secretion. 54,55

Angiotensin II plays a central role in the modulation 
of hemodynamic changes following a ureteral obstruction. 
The preobstruction administration of captopril 56,57 and enal-
april57 appear to be highly effective in ameliorating the de-
cline in GFR and renal plasma   ow in response to a ureteral 
obstruction.56 Rising levels of angiotensin II also can lead to 
tubulointerstitial   brosis during an obstruction due to in-
creased levels of tumor necrosis factor alpha (TNF-  ) within 
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edema, pulmonary congestion, hypertension, or congestive 
heart failure. Patients may also present with pallor due to 
anemia of chronic renal failure. On a physical exam, the kid-
ney may be palpated with severe hydronephrosis from an 
obstruction or from a large mass on the kidney such as a 
malignancy. A palpable bladder may result from chronic or 
acute urinary retention in the bladder from an outlet ob-
struction. A prostate exam should be performed in all men 
and a formal pelvic examination should be performed in all 
women presenting with signs of a urinary tract obstruction. 

 Urinalysis and Laboratory Findings 
A urinalysis should be one of the   rst tests performed when 
a urinary tract obstruction is suspected. White blood cells 
(WBCs) in the urine can help identify infection or in  am-
mation. WBCs may be present in the urine for reasons such 
as ureteral stent placement; stones in the kidney, ureter, or 
bladder; a malignancy; or recent instrumentation of the uri-
nary tract. Leukocyte esterase or nitrate-positive urine usu-
ally indicates an infection or a chronic colonization of the 
urinary tract. All urine that is positive for WBCs, leukocyte 
esterase, or nitrates should be sent for urine culture and an-
tibiotic sensitivity. Red blood cells (RBCs) in the urine can 
be present in an infection, stones, clots, trauma, nephrologic 
causes, or a tumor within the urinary tract. A few RBCs 
in the urine can be present without signi  cant pathology. 
Signi  cant hematuria in a patient should be evaluated by 
a urologist with a urine culture, a urine cytology, an upper 
tract imaging, and a cystoscopy. 

A serum blood urea nitrogen (BUN) and a serum creati-
nine can assess the degree of renal insuf  ciency associated 
with the obstruction. A renal insuf  ciency can result from 
bilateral renal obstruction, solitary kidney obstruction, or a 
complete bladder obstruction. It is rare to see renal insuf  -
ciency in a unilateral obstruction with a normal contralateral 
kidney unless the patient is severely dehydrated. There are 
many electrolyte abnormalities that can be associated with a 
urinary tract obstruction, as discussed in earlier sections of 
this chapter. A basic metabolic panel will help identify these 
abnormalities. Hyperkalemia and acidosis may be present 
and, if severe, should be corrected as soon as possible. 

A complete blood count (CBC) should be drawn during 
the workup. An elevated count can be seen in the presence 
of an infection or sepsis. Anemia can be detected in the face 
of chronic renal insuf  ciency, malignancy, or in acute pro-
cesses such as blood loss. 

 Imaging of the Urinary System 
 Ultrasound 
Ultrasonography of the kidneys and bladder is a useful ini-
tial imaging modality. This noninvasive and inexpensive 
test is especially helpful when an allergy to intravenous 
contrast or an elevated creatinine is present. In children 
and in pregnant patients, it is most often the initial imaging 
test. Ultrasonography is sensitive for the detection of renal 

 Impaired Urinary-Concentrating Ability 
A well documented feature of obstructive uropathy is the loss 
of the ability to concentrate urine. One exception is during 
an acute partial obstruction due to the increase in renal tubu-
lar absorption. 73 A recent relief of an obstruction or chronic 
obstruction has been well documented to show a decrease in 
renal concentration ability. 74,75 Patients with a marked im-
pairment may present with nephrogenic  diabetes insipidus 
and may demonstrate polyuria and persistently hypotonic 
urine.76–79 Hypernatremia and severe dehydration can de-
velop if   uid intake is not adequate. 80 The distal portions of 
the nephrons, particularly the juxtamedullary nephrons, are 
the major sites affected. 81,82 Aquaporins are a family of mem-
brane water channels. Aquaporin-2 (AQP2) is predominantly 
found in the cytoplasm apical domain of the collecting duct 
principal cells. Berlyne and colleagues 83,84 report that AQP2 
expression is decreased in the setting of bilateral or unilat-
eral obstruction. The reduction in aquaporin expression may 
explain the postobstructive polyuria and the impairment in 
urinary-concentrating capacity found in bilateral ureteral ob-
struction due to a decrease in water reabsorption. 

 Recovery of Tubular Function after 
Obstruction 
Although the acute effects of relief of a ureteral obstruction 
are well described, the long-term effects are less known. 
Studies after the release of a UUO after 24 hours in rats re-
vealed that abnormalities of tubular function persist beyond 
a time (14 days) when the whole kidney GFR had returned 
to normal. 36

 DIAGNOSIS OF URINARY TRACT 
OBSTRUCTION 
 Symptoms and Signs 
The diagnosis of urinary tract obstruction is not always 
straightforward and is sometimes found incidentally with 
routine imaging or lab work. A working diagnosis of a uri-
nary tract obstruction should always be included in the dif-
ferential when presented with a patient with acute or chronic 
renal failure. Early diagnosis is important to resolve the ob-
struction with a greater probability of reversing damage. 

Symptoms of urinary tract obstruction more than likely 
result from the origin of the obstruction and the related ef-
fects on the urinary tract. A lower tract obstruction usually 
results in urinary urgency, frequency, hesitancy, slow stream, 
retention, or dysuria. An upper tract obstruction can result 
in abdominal or   ank pain, nausea, or vomiting, or may be 
asymptomatic. Both may have gross hematuria as a symp-
tom. A past medical history may suggest another probable 
etiology, such as a history of stones or malignancy. 

Signs of a urinary tract obstruction can also be found 
on a physical examination. Chronic urinary tract obstruction 
can lead to severe renal failure that presents as peripheral 
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 masses, hydroureteronephrosis (Fig. 19.2), or a distended 
bladder (Fig. 19.3). One pitfall of this imaging modality is 
that the quality and accuracy of the images are dependent 
on the ultrasonographer. In adults, if the ultrasound   nd-
ings are abnormal, follow-up imaging is recommended. The 
combination of renal ultrasonography with   at-plate radi-
ography of the kidneys, ureters, and bladder (KUB) is an 
inexpensive initial combination. 

 Intravenous Pyelography 
 Intravenous pyelography (IVP) involves contrast injection 
and a series of KUB images over 15 to 30 minutes (Fig. 19.4). 
It can be performed in patients with a creatinine     1.5 mg 

FIGURE 19.2 A renal ultrasound photo showing hydrouretero-
nephrosis of a left kidney due to a bladder outlet obstruction in 
a patient with known prostate cancer.

FIGURE 19.3 A fully distended bladder is shown here on ultra-
sound from a bladder outlet obstruction. Notice the thickened 
bladder wall circumferentially, which is often seen from a pro-
longed outlet obstruction from the prostate.

FIGURE 19.4 A: An intravenous pyelogram from a patient with 
right   ank pain and hematuria intermittently for several weeks. 
The radiograph, taken 1 hour after the injection of contrast 
media, shows a markedly dilated right renal pelvis and a dilated 
completely   lled right ureter. B: An examination of the plain 
radiograph before the dye injection shows several radiopaque 
stones overlying the sacrum. (From Flamenbaum W, Hamburger 
RJ. Nephrology. Philadelphia: Lippincott; 1982.)
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compression. A noncontrast CT scan should be obtained   rst 
to assess for the presence of calculi within the urinary tract. 
A contrast-enhanced CT scan is very useful for evaluating 
renal and ureteral sources of obstruction such as  urothelial 
neoplasms, strictures, and sloughed papilla.  Delayed images 
can be used to monitor the collecting system of the kidney 
to search for any   lling defects and to provide excellent re-
constructions of the entire upper urinary tracts.  Delayed
nephrographic images of the kidney can be seen in pyelone-
phritis as well as in an obstruction of the kidney. A CT scan 
can also evaluate for other intra- abdominal processes that 
can cause similar presenting symptoms (e.g.,  appendicitis,
cholecystitis, diverticulitis, ovarian cysts,  abdominal an-
eurysms, small and large bowel masses with or without 
obstruction).

 Magnetic Resonance Imaging 
Magnetic resonance imaging (MRI) is not used as a   rst-line 
modality to evaluate the urinary tract. However, it may be 
useful in select patients for whom CT imaging is nondiag-
nostic. An MRI is also useful in delineating speci  c tissue 
planes for surgical planning of complex cases as well as in 
evaluating the presence or the extent of a renal vein or in-
ferior vena cava thrombus associated with a renal cell carci-
noma. One drawback to the MRI in imaging the kidney is 
that it is not very sensitive for urinary stones. 

 Radionucleotide Studies 
A mercaptoacetyltriglycine (MAG)-3 renal scan can be per-
formed to determine the differential function of the kidneys as 
well as to demonstrate the concentrating ability, excretion, and 
drainage of the urinary tract (Fig. 19.7). Furosemide can be ad-
ministered with the renal scan to verify delayed excretion and 
the presence of obstruction. This imaging is commonly used to 
evaluate for a UPJ obstruction. An obstructed kidney has a t 1/2
greater than 20 minutes, normal is less than 10 minutes, and a 
t1/2 between 10–20 minutes is indeterminate. 

 Retrograde Urethrogram 
During a retrograde urethrogram, a catheter tip is placed 
into the urethral meatus and contrast dye is injected. Fluo-
roscopic imaging is then performed. This test is mostly per-
formed in the setting of trauma where there is blood at the 
urethral meatus and a membranous urethral disruption is 
suspected. It is also helpful in de  ning the extent of urethral 
strictures prior to repair. 

 Retrograde Pyelogram 
A retrograde pyelogram, also referred to as a pyelouretero-
gram, is performed during a cystoscopy in the operating room 
(Fig. 19.8). A 5- or 6-Fr cone-tip or open-ended ureteral cath-
eter is placed through the cystoscope into the ureteral ori  ce. 
Contrast is then   ushed through the catheter into the ureter un-
der   uoroscopy. These images will show the anatomic outline of 
the ureters and the renal pelvis up to the level of  obstruction or 

per deciliter for visualization of the upper urinary tracts. It 
may not be performed in patients with an allergy to IV con-
trast. This test is unique in that it provides the physician 
with both anatomic and functional information. Delayed cal-
yceal   lling, delayed contrast excretion, prolonged nephrog-
raphy results, and dilatation of the proximal tract above the 
obstruction characterize a urinary tract obstruction.  

 Computerized Tomography Scan 
Computerized tomography (CT) imaging is very useful for 
the identi  cation of urinary tract obstruction, often as a   rst-
line radiographic test (Figs. 19.5 and 19.6). A CT scan will 
provide information regarding the urinary tract, as well as 
any possible retroperitoneal or pelvic conditions that can af-
fect the urinary tract via a direct extension or an external 

FIGURE 19.5 An axial computed tomography image showing 
severe hydronephrosis of the patient’s right kidney and mild 
hydronephrosis of the left kidney.

FIGURE 19.6 A computed tomography image of a pelvis  showing 
a large bladder stone in the right side of the patient’s bladder.
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FIGURE 19.7 MAG3 scan images showing the perfusion and drainage studies of the test. This patient was found to have 93% 
 function on the right and 7% function on the left with severe hydronephrosis from obstruction on the left side.

A

B
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as these patients may develop urosepsis. Antibiotics can be 
tailored to blood and urine culture results once they become 
available. A patient with complete urinary tract obstruction, 
any type of obstruction in a solitary kidney, obstruction with 
severe dehydration or uncontrolled pain, or with associated 
renal failure needs immediate attention. 

 A partial urinary tract obstruction in the absence of 
infection or renal failure can be managed on an outpatient 

will show   lling defects in the presence of a mass, stone, or clot. 
Because the contrast load is not signi  cantly absorbed, it may 
be used in patients with renal insuf  ciency. It may be also used 
in patients with an IV contrast allergy. 

 Nephrostogram 
 A nephrostogram can be used if the patient has a  nephrostomy 
tube (Fig. 19.9). Contrast dye is   ushed through the cath-
eter under   uoroscopy in a similar fashion to the retrograde 
 pyelogram. This imaging is helpful for the evaluation of 
 renal and ureteral pathology when retrograde access is con-
traindicated or dif  cult, and it is often combined with inter-
ventional intent. This test can also be performed on patients 
with renal insuf  ciency or IV dye allergy. 

 Treatment of Urinary Tract Obstruction 
 Medical Therapy 
 The mainstay of treatment for urinary tract obstruction is to 
eliminate any life-threatening disorder, relieve any complete 
obstruction of the urinary tract to preserve renal function, 
and determine the cause of the obstruction (Table 19.3). 

 Septicemia with pyelonephritis is a possible sequelae of 
severe partial or complete obstruction of the urinary tract. 
A fever, an elevated white cell count, hypotension, or severe 
  ank pain may alert the physician to this impending prob-
lem. Relief of the obstruction while starting empirical wide-
spectrum antibiotics is the best form of treatment for this 
condition. This should be performed on an emergent basis 

FIGURE 19.8 Bilateral retrograde pyelograms shown here with 
a normal pyelogram on the right and evidence of a uretero-
pelvic junction obstruction on the left with a large box-shaped 
renal pelvis and blunted calyces.

FIGURE 19.9 An antegrade nephrostogram showing the    lling 
of the entire renal pelvis and calyces during percutaneous 
 access of the right kidney.

TA B L E

Indications to Relieve Obstruction

Unilateral Obstruction 
(UUO)

Bilateral Obstruction 
(BUO)

Pain unrelieved by oral 
analgesics

Signs and symptoms of 
sepsis

Unable to tolerate food or 
water by mouth

High grade obstruction

Same as UUO

Elevated BUN or 
 creatinine

Uremia
Anuria
Hyperkalemia

Indications to Relieve Obstruction

BUN, blood urea nitrogen.

TA B L E

19.3
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FIGURE 19.10 A: Various types of urethral catheters pictured here. Top to bottom: Regular Foley catheter, council-tip catheter, coude 
catheter, and three-way Foley catheter. B: A close up of the tips of each catheter.

A  B

bedside percutaneously or in the operating room as an 
open procedure. Ultrasound guidance should be used 
to locate the bladder if done at the bedside. An open 
approach in the operating room should be performed if 
the patient has had prior lower abdominal surgery. 

Temporary forms of relief for an upper urinary tract obstruc-
tion include the following: 

 1. Ureteral stent: A ureteral stent is a   exible tube that 
extends from the renal pelvis down the ureter and into 
the bladder (Fig. 19.11). The stent curls at both ends 

basis with analgesics and antibiotics until a complete 
urologic evaluation can be performed. Antibiotics are  often
given for prophylaxis and should cover common urologic 
pathogens. Commonly used antibiotics include trime-
thoprim-sulfamethoxazole, cipro  oxacin, nitrofurantoin, 
and cephalosporins. Pain secondary to urinary tract obstruc-
tion is often managed with opioid analgesics and nonsteroi-
dal anti- in  ammatory medications. 

Acute or chronic renal failure with hyperkalemia, acido-
sis, convulsions, coma, or pericarditis is another life-threat-
ening clinical presentation of obstructive uropathy that may 
require an immediate treatment by dialysis until de  nitive 
measures can be taken to correct the obstruction. 

Identifying the cause of the obstruction is important for 
determining how and when treatment is to be performed. 
Urologic and nephrology evaluations are important compo-
nents of the assessment. 

 Surgical Therapy 
The goal of surgical intervention is to completely relieve the 
urinary tract obstruction. The speci  c type of surgical inter-
vention depends on the level of obstruction and the underly-
ing pathology. 

 Lower Urinary Tract Obstruction 
 Temporary forms of relief. 

 1. Urethral (Foley) catheter: A urethral catheter (size: 8 to 
24 Fr) is a   exible catheter that extends from the blad-
der to the urethral meatus to allow urine to   ow unim-
peded from the bladder (Fig. 19.10). With a dif  cult 
catheter insertion, a urologist may need to use a coude 
catheter, cystoscopy, or urethral dilators for placement. 

 2. Suprapubic catheter: A catheter is placed through the 
anterior abdominal wall just above the pubic symphysis
directly into the bladder. Performance can be at the 

FIGURE 19.11 A   uoroscopic image showing bilateral double J 
stents in the correct position within both renal pelvises.
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calculi can be removed surgically or monitored for sponta-
neous passage. In one study, ureteral calculi less than 4 mm, 
4 to 6 mm, and greater than 6 mm have a chance of pass-
ing on their own in 80%, 59%, and 21% of patients, re-
spectively. 85,86 Patients may have 4 weeks to pass a partially 

in the shape of a “J” to maintain its position. Com-
mon sizes range from 4.5 to 8 Fr in diameter. It can be 
placed during cystoscopy over a guide wire to relieve 
the obstruction along any point in the ureter. A ure-
teral stent generally needs to be replaced or removed 
after 3 to 6 months due to calci  cation or obstruction. 

 2. Nephrostomy tube: A nephrostomy tube is a   exible 
tube that is placed percutaneously through the   ank/
back directly into the renal pelvis. If a ureteral stent 
cannot be placed from the bladder, a  nephrostomy 
tube can be placed into the kidney to allow the ob-
struction to be relieved. A stent may be placed through 
the nephrostomy tube tract over a guide wire in an 
antegrade fashion if a stent cannot be placed in a retro-
grade fashion. 

 De  nitive Therapies 
A meatal stenosis can be dilated with urethral sounds. Ure-
thral strictures can be dilated with   liforms and followers, 
which are a series of dilators (Fig. 19.12). They may also 
be endoscopically incised at the 12 o’clock position with a 
cystoscopic knife under anesthesia. 

The prostate and bladder neck are very common causes 
of a lower urinary tract obstruction in men of increasing age. 
The gold standard of relieving an obstruction secondary to 
benign prostatic hyperplasia (BPH) has been the transure-
thral resection of prostate (TURP) (Fig. 19.13). Traditionally, 
this has been performed with a resectoscope loop. Currently, 
most TURPs are performed endoscopically using a variety 
of lasers resulting in less bleeding and greater potential for 
the procedure being considered as an outpatient procedure. 
Bladder neck contractures may be seen after a TURP. 

 Upper Urinary Tract Obstruction 
The most common causes of upper urinary tract  obstruction
are renal and ureteral calculi (Fig. 19.14). Urinary tract 

FIGURE 19.13 A single-shot photo of a laser transurethral re-
section of the prostate. This laser ablates the prostate tissue to 
widen the urethral channel through the prostate.

FIGURE 19.14 A coronal computed tomography image of the 
abdomen showing a ureteropelvic junction obstruction with 
hydronephrosis of the patient’s right kidney on delayed contrast 
images with a normal left-sided collecting system.

FIGURE 19.12 A picture of various   liforms (top) and followers 
(bottom) used for urethral dilatation.
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 Conclusions 
The prognosis of urinary tract obstruction depends on the 
cause, location, degree, and duration of obstruction as well 
as the presence of urinary tract infection. The longer the du-
ration of obstruction, the greater the severity of obstruction 
and the presence of a concomitant infection, which can lead 
to a poor prognosis. The prognosis is favorable if the renal 
function is normal, the infection is cleared, and the obstruc-
tion is relieved in a timely manner. 

 VESCICOURETERIC REFLUX AND 
REFLUX NEPHROPATHY 
 Introduction 
Vesicoureteral re  ux (VUR) is the retrograde   ow of urine 
from the bladder to the upper urinary tract. Because VUR 
can be relatively asymptomatic, diagnosis may be dif  cult. 
When symptomatic, it can lead to pyelonephritis, scarring of 
the kidney, and even end-stage renal failure. The diagnosis 
and optimal management of VUR is controversial. 

 History of Vesicoureteral Re  ux 
In 150 A.D., Galen   rst described the UVJ as a mediator of 
unidirectional   ow of urine from the kidney to the bladder. 87

da Vinci described the free   ow of urine from the bladder 
to the kidneys most likely after dissecting the body of a pa-
tient with VUR. 88 It was not until 1893 that a gynecologist 
  rst described the back  ow of urine from the bladder after 
having cut a distal ureter during a hysterectomy. 89 In 1907, 
Sampson suggested that the back  ow of urine may lead to 
pyelonephritis after studying the UVJ. 90

In the 1950s, there were two important breakthroughs 
on the impact of VUR on the upper urinary tracts. In 1952, 
Hutch91 reported that VUR may lead to recurrent pyelone-
phritis in paraplegic patients. In 1959, Hodson 92,93 made the 
correlation between UTIs, renal scarring, and VUR. In 1979, 
Ransley and Ridson 94 de  ned the pathophysiology of VUR 
by showing the relationship between infection, scarring, and 
re  ux. These discoveries and subsequent studies eventu-
ally led to a consensus system for grading re  ux in 1985 by 
Lebowitz and colleagues. 94a

For the past several decades, the treatment of VUR has 
evolved and has been widely debated. Newer, less invasive 
surgical treatments for VUR have broadened the treatment 
armamentarium and algorithm. However, the debate will 
continue until a true consensus can be reached. 

 Demographics 
Because VUR can resolve spontaneously or can be asymp-
tomatic, the true prevalence of this disease can be dif  cult 
to de  ne. In 2000, a meta-analysis of children undergoing 
a cystography for various indications identi  ed that those 
with UTIs had a 30% incidence of VUR, whereas 17% with-
out a history of UTIs had VUR. 95 In contrast, an earlier study 
found that up to 70% of infants with UTIs may have some 

obstructing stone before renal damage starts to occur. If the 
pain is intractable, then they have failed medical manage-
ment and need operative intervention. Distal ureteral stones 
are commonly removed using a ureteroscopy. Proximal and 
midureteral stones are removed either by a ureteroscopy or 
an extracorporeal shockwave lithotripsy (ESWL) depend-
ing on their size and location. Open surgery for stones is 
usually reserved for ureteral calculi greater than 2 cm or an 
anatomic abnormality, which would preclude other options. 
Renal calculi surgery is dependent on the size of the stone 
and surgeon preference. Options include   exible ureteros-
copy, ESWL, or percutaneous removal through a nephros-
tomy tract. 

Ureteroscopic, laparoscopic, or open surgery may be 
required depending on the pathology of upper tract obstruc-
tion. Ureteropelvic junction obstructions are most common-
ly treated with a pyeloplasty, using an open or laparoscopic 
technique to remove the obstructed ureteral segment. A bal-
loon dilation and an incision of the UPJ obstruction are less 
frequently used alternatives. 

Ureteral strictures can be treated using a variety of 
methods. Small strictures can be dilated endoscopically with 
a balloon dilator. Larger or treatment-refractory strictures re-
quire a resection and reanastomosis to the nondiseased seg-
ment. Distal ureteral strictures may be treated with ureteral 
reimplantation directly into the bladder, a psoas hitch, or 
Boari   ap. 

Obstruction due to urothelial neoplasms are treated 
with either a segmental resection of the mass or a complete 
removal of the kidney and ureter if the mass is within either 
entity. Endoscopic management is now being used in super-
  cial lesions of the ureter or kidney if oncologic principles 
can be maintained to spare as many nephrons as possible 
(Fig. 19.15). 

FIGURE 19.15 An axial computed tomography image showing 
a   lling defect of the patient’s right proximal ureter during de-
layed contrast imaging.
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The ureter, both extravesically and intravesically, must 
remain   xed with adequate ureteral tunnel length for the 
ureter not to re  ux. Another important principle is that the 
intramural ureter must remain compressed during bladder 
  lling so urine will not re  ux up during this time. Open-
ing of the UVJ is achieved by contraction of the longitu-
dinal muscle of the ureter within the intramural tunnel. 
This causes the extravesical and intravesical points to de-
crease in length while opening the ureter to allow the bo-
lus of urine into the bladder from the ureter. If the tunnel 
length is not long enough, urine can re  ux back into the 
upper tracts at the end of this process. This can occur even 
in the presence of a low-pressure urine storage pro  le in 
the bladder. 

element of re  ux. 96 Using prenatal ultrasonography for 
screening, Gunn et al. 97 estimated that the incidence of VUR 
was 0.36:100 births in 1995. 

VUR is more common in females. In 1992, the number 
of boys entered into the International Re  ux Study in Chil-
dren was 10% in the United States and 24% in Europe. This 
  nding demonstrated an increased prevalence in the female 
population.98 Several confounding factors play into   nding 
the true incidence of VUR between the two groups because 
not all children are screened. For instance, uncircumcised 
boys are at a 12-fold increased risk of developing a UTI and 
are more likely to be screened for VUR. 99 The true incidence 
and difference between males and females with respect to 
VUR may never be made unless screening of the general 
population becomes available. 

Because VUR tends to resolve spontaneously, its inci-
dence decreases with age. A study by Baker 100 showed that 
the incidence of re  ux in patients diagnosed with a UTI de-
creases with age. The incidence of VUR in children   1 year 
old was 70%, 25% in 4 year olds, 15% in 12 year olds, and 
5% in adults who were screened for VUR after being diag-
nosed with a UTI. 

Whether race predisposes patients to VUR is still not 
known because re  ux has been studied primarily in Western 
countries. A 10-fold decrease in the frequency of re  ux in 
female children of African American descent has been re-
ported, as well as a quicker resolution of their re  ux. 101

 Primary Vesicoureteral Re  ux 
Primary VUR is the regurgitation of urine through a vesico-
ureteric junction that has been rendered incompetent by a 
congenital defect of the length, diameter, muscle, or inner-
vation of the submucosal segment of the ureter (Fig. 19.16). 
The vesicoureteric junction works normally as a   ap-valve, 
which permits the   ow of urine from the ureter into the 
bladder but prevents   ow in the opposite direction. The 
submucosal segment of the ureter holds the key to ureteric 
continence and is dependent on factors such as the length 
of the intramural portion of ureter, the nature of the ureteric 
ori  ce, and the integrity of the bladder wall musculature. 

The most common explanation for the defective valve 
mechanism of the vesicoureteric junction is the shortness 
of the submucosal segment secondary to the congenital lat-
eral ectopia of the ureteric ori  ce. 105 Paquin described the 
principle that the ureteral tunnel must be   ve times as long 
as the ureteral diameter at the UVJ for re  ux not to occur. 
When the bladder   lls, a further shortening of the submu-
cosal segment of the ureter may take place, accounting for 
the observation that re  ux may only occur if the bladder is 
either full or in the act of voiding. The complex anatomy 
of the vesicoureteric junction and its relationship to the 
bladder trigone and the urethra is best approached from a 
developmental point of view. 103 Oswald et al. 104 proposed 
that a congenital muscular structural insuf  ciency of the 
distal ureter is important in the pathogenesis of the vesico-
ureteral re  ux. 

FIGURE 19.16 A single-shot   uoroscopic image of a patient’s 
abdomen showing a contrast within the bladder as well as a re-
  ux of contrast up the left collecting system.
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be directly proportional to the development of scarring. A 
study of 735 children with primary VUR showed that 43.5% 
of patients had evidence of renal scarring, especially when 
high-grade re  ux was present. 110 This association was also 
reported by Smellie 111 using intravenous urography. Renal 
scarring was detected in 69% of children with moderate to 
severe re  ux and in 24% of those with mild re  ux. In a sepa-
rate study, 41 male patients with primary VUR were screened 
with a dimercaptosuccinic acid (DMSA) scan to assess for 
congenital renal scarring. Thirteen patients had low-grade re-
  ux and none of these patients had scarring on DMSA. Of the 
28 patients with high-grade re  ux, 10 had slight scarring of 
the kidneys, whereas 8 had severe scarring of the kidneys. 112

The age of the child at the time of exposure to infected 
urine is also important. Children less than 4 years old were 
more susceptible to renal damage, most likely due to an im-
mature system that was unable to   ght off the infection. 113

The “big bang” theory observed that most renal scarring took 
place after the   rst bout of pyelonephritis and further scar-
ring was unlikely if no further episodes of pyelonephritis 
occurred. 114

Ransley and Ridson 115 performed a landmark study in 
pigs in which they unroofed the intravesical portion of the 
UVJ, allowing for re  ux. When an infection was introduced 
into the urine, the pigs subsequently developed pyelone-
phritis and renal scarring. In the absence of infected urine, 
scarring did not occur. This study in  uenced the investi-
gation into the principle that sterile urine did not lead to 
scarring of the kidney, which paved the way for nonsurgical 
management for VUR. 

The long-term effects of VUR can be devastating, lead-
ing to chronic renal insuf  cncy and end-stage renal disease 
(ESRD). Although older studies identi  ed that 15% to 30% 
of ESRD in children was due to VUR, newer studies show 
that only 2.2% of VUR children develop ESRD. 116,117

Although hypertension is a well-known sequalae of 
VUR, the pathophysiology is not well described. Derange-
ments in the renin-angiotensin-aldosterone (RAA) system as 
well as the intrarenal sodium-potassium pump dysfunction 
have been investigated. A 2004 study 118 showed that 20% 
of 157 adult patients with hypertension and no other renal 
parameters on cystography had VUR. It remains unclear 
whether it is nephropathy due to the scarring or congenital 
dysplasia associated with the re  ux that causes or predis-
poses the patient to renovascular hypertension. 

 Associated Anomalies with 
Vesicoureteral Re  ux 
Several anatomic anomalies are associated with VUR in 
the pediatric patient. The presence of VUR should prompt 
an evaluation for these conditions. UPJ obstruction can 
be seen in 9% to 18% of children with VUR. 119 The UPJ 
obstruction may be secondary to the VUR or may rep-
resent two separate entities. High-grade re  ux can cause 
kinking of the upper ureter that leads to a secondary or 

 Secondary Vesicoureteral Re  ux 
Increased bladder pressure, which may overcome the an-
tire  uxing mechanism in a normal UVJ, can lead to VUR. 
The back  ow of urine can lead to the dilation of the upper 
tracts and potential scarring of the kidney or renal failure. 
The most common pediatric cause in boys is posterior ure-
thral valves (PUVs). Re  ux, oftentimes high grade, can be 
associated with 70% of these boys due to an obstruction of 
the urethra. Valve ablation successfully treats the obstruc-
tion.105,106 The most common cause in girls is a prolaps-
ing ureterocele across the bladder neck, causing urinary 
obstruction.107

A neurogenic bladder without an anatomic obstruction 
is also a very common cause of VUR. In pediatric patients, 
a host of neurologic diseases that affect the lower and upper 
motor neurons can have damaging effects on the bladder. 
A physiologic obstruction can lead to high pressure systems 
within the bladder that lead to re  ux into the upper tracts 
as a pop-off mechanism. Subsequent dilatation of the up-
per tracts and, eventually, scarring of the kidney may ensue. 
During the   rst years of potty training, dysfunctional void-
ing can lead to high-pressure bladders. 

McGovern et al. 108 observed that myelodysplasia can 
be associated with high-pressure bladders and re  ux. In a 
study of 42 children with myelodysplasia, 35 had detrusor 
are  exia. Of the latter, 5 had   at detrusor pressures during 
bladder   lling and the remaining 30 had steeply rising, low-
compliance patterns. When the voiding pressure to produce 
leakage was higher than 40 cm of water, 15 showed re  ux. 

 Urinary Tract Infections and Re  ux 
Re  ux does not cause a UTI. However, if a uropathogen is 
introduced into the urinary system, re  ux can help main-
tain the pathogen within the system by allowing the bacteria 
to enter the upper tracts from the bladder, stay within the 
upper tracts due to dilatation of the upper tracts from re  ux, 
or not be effectively cleared by voiding. Cystitis can cause 
irritability at the UVJ, resulting in a decreased threshold for 
re  ux. Thus, re  ux with a UTI can potentiate pyelonephritis 
by allowing uropathogen entry into the upper tracts. These 
pathogens can cause scarring of the renal parenchyma. 

 Pathophysiology of Re  ux 
The association with VUR and re  ux nephropathy has been 
studied extensively in porcine models. Some studies have 
shown that the intrarenal re  ux of sterile urine can cause 
focal scarring. This has yet to be proven in humans. 109 Most 
pathologic   ndings in humans have been taken from ne-
phrectomy specimens due to chronic pyelonephritis or hy-
pertension. These specimens have a tendency to show more 
scarring at the poles of the kidneys, which is most likely due 
to the fact that compound papillae are found at these poles 
and are more susceptible to damage from re  ux. 

Renal scarring or re  ux nephropathy depends on a 
multitude of factors. The grade of re  ux has been shown to 
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 Natural History of Vesicoureteral Re  ux 
VUR can spontaneously resolve as a result of remodeling of 
the UVJ with growth. The age of the child and the degree 
of re  ux at the time of diagnosis in  uence the likelihood 
of spontaneous resolution. Lower grades of re  ux have a 
higher likelihood of spontaneous resolution. Several stud-
ies have shown that low-grade re  ux (I and II) will resolve 
on their own. A study of 500 children with known VUR in 
Brazil who were observed from birth reported a spontane-
ous resolution rate of 87.5% for grade I, 77.6% for grade II, 
52.8% for grade III, 12.2% for grade IV, and 4% for grade 
V re  ux. 124

The age at which VUR is diagnosed can also be a factor 
in the likelihood of spontaneous resolution. For years, many 
studies had shown that the earlier the re  ux is detected, 
the greater the likelihood of spontaneous resolution. Newer 
studies have shown that diagnosis at age 5 or at infancy had 
the same rate (20%) of resolution over a 5-year period re-
gardless of age. 125 The accepted period of observation for 
resolution of re  ux has been 5 years, but the patient’s risk of 
UTI or pyelonephritis is the same throughout the observa-
tion period and should be discussed with the patient and his 
or her family. 

 Management of Vesicoureteral Re  ux 
The main goals of management of a patient with VUR are to 
prevent any or recurrent febrile UTIs, to prevent a loss of re-
nal function or renal scarring, and to minimize the morbid-
ity and mortality of the treatment option. The two primary 
options in treating VUR are watchful waiting with single 

“incipient” UPJ obstruction. High-grade VUR is   ve times 
more likely to be associated with UPJ obstruction than 
low-grade VUR. 120

VUR is the most common abnormality associated with 
ureteral duplication (Fig. 19.17). The embryology of the du-
plication and the ureteral insertion into the trigone during 
development explains the association of these conditions. 
The lower pole ureter inserts into the trigone early in de-
velopment. As the trigone expands, the ureteral ori  ce from 
the lower pole moves cranially and laterally. The resultant 
decrease in length of the intramural tunnel leads to VUR of 
the lower pole segment. The upper ureter enters the trigone 
later in development, is located more caudally and medially, 
and is more prone to obstruct than re  ux. This is known as 
the Weigert-Meyer law. 

Renal anomalies are also very common with VUR. With 
multicystic dysplastic kidneys, the incidence of VUR on the 
contralateral side is as high as 25%. 120 Renal agenesis is as-
sociated with a higher incidence of contralateral VUR with a 
prevalence of 28% in one study. 121

 Pregnancy and Vesicoureteral Re  ux 
Pregnant women are predisposed to bacteriuria because of 
decreased bladder tone. In a study of 321 patients evaluated 
with cystography during their third trimester, the incidence 
of pyelonephritis in pregnant women with VUR was 33% 
compared to   5% in women without VUR. 122 Women with 
a history of re  ux have an increased risk of infection-related 
morbidity during pregnancy regardless of prior correction. 
The consensus is that the re  ux should be corrected before 
pregnancy. 123

FIGURE 19.17 A   uoroscopic image from a voiding cystourethrogram showing contrast re  uxing up into an incomplete duplicated 
system on the patient’s left side.

A  B
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Contrast can re  ux into the upper tracts during all phases 
of the VCUG or only during the voiding phase of the test. 
This test provides functional and anatomic information of 
the bladder and the urethra. It can also show how the patient 
voids and if any dysfunction is present. 

The RNC uses a radionucleotide tracer, usually techne-
tium-99m (99mTc), in the bladder. Re  ux is detected with 
a scintigraphic gamma camera and provides less radiation 
exposure (1%) compared to the VCUG. 128 The RNC is a 
functional test but gives little information on an anatomic 
level. The test is more sensitive for grades II through V re  ux 
but can miss grade I re  ux due to the overlying exposure of 
radionucleotides in the bladder. 

Another option, DMSA (technetium-99m-labeled dimer-
captosuccinic acid) renal imaging, can provide information 
regarding the degree of existing renal cortical abnormalities 
and can serve as a baseline for future comparison (Fig. 19.20). 
Children with VUR grades III through V, younger children, 
those with an abnormal renal ultrasound, and those with 
recurrent febrile UTIs are most likely to have renal scarring 
that would show up on a DMSA scan. The scan works by an 
IV injection of the radionucleotide, which enters the venous 
system and eventually is   ltered by the kidney. The radionu-
cleotides are taken up by functional proximal tubules where 
they bind for several hours. Images of the kidneys are taken 
and defects of the cortex can be seen if renal scarring or non-
functional parenchyma are present. In a study of 79 children, 
DMSA scanning had a 98% sensitivity and a 92% speci  city 
with regard to renal scar detection in children who were fol-
lowed for 1 to 4 years. 112

low-dose antibiotic suppression therapy or surgical correc-
tion. The traditional approach is medical therapy   rst, then 
surgical correction if the re  ux does not resolve or if medi-
cal management fails. In 2010, based on a meta-analysis of 
the literature, the AUA published guidelines for the manage-
ment and screening of primary VUR in children. 123

The long-debated question is how long to wait to de-
termine if the re  ux will resolve. A landmark study by 
Olbing126 in 2003 showed that renal scarring does not seem 
to develop after age 5 in severe re  ux patients. It is common 
practice now to allow the watching of newborns with VUR 
until age 5 if they have no breakthrough infections. 123 Boys 
with low-grade re  ux are generally not followed after the age 
of 5 and taken off suppression if they continue with good 
elimination habits while girls are offered surgical correction 
due to the dangers with pregnancy in the future. A study in 
2000 showed that taking these patients off low-dose antibi-
otic suppression would lead to only 10% requiring surgical 
correction in the future for a febrile UTI. 127

 Diagnosis of Vesicoureteral Re  ux 
The two gold standard tests for diagnosing VUR are the void-
ing cystourethrogram (VCUG) and radionucleotide cystogra-
phy (RNC). Both of these methods involve the administration 
of contrast into the bladder through the urethra with subse-
quent imaging. 

The VCUG is a   uoroscopic study in which images are 
taken while the bladder   lls with contrast through a cath-
eter when the bladder is full, when the patient is voiding, 
and after the contrast has drained (Figs. 19.18 and 19.19). 
Anterior, posterior, and oblique images are obtained. 

FIGURE 19.18 A voiding cystourethrogram showing a normal 
bladder without vesicoureteral re  ux.

FIGURE 19.19 A voiding cystourethrogram   uoroscopic image 
showing bilateral vesicoureteral re  ux.
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 Grading of Vesicoureteral Re  ux 
 The current grading of VUR is based on the 1981 Interna-
tional Re  ux Study Committee recommendations for   ve 
different grades of re  ux (Fig. 19.21). These grades are 
based on VCUG imaging. 129  

 Grade I shows contrast re  uxing into a nondilated ureter. 
 Grade II shows contrast re  uxing into the pelvis and calyces 

without dilatation. 
 Grade III shows mild or moderate dilatation and/or tortuos-

ity of the ureter and mild or moderate dilatation of the 
pelvis. There is no or only slight blunting of the fornices. 

 Grade IV shows moderate dilatation and/or tortuosity of the 
ureter and moderate dilatation of the pelvis and calyces. 
There is complete obliteration of the sharp angles of the 
fornices. However, there is maintenance of papillary im-
pressions in the majority of calyces. 

 Grade V shows gross dilatation and tortuosity of the ureter, 
pelvis, and calyces. Papillary impressions are no longer 
visible in the majority of the calyces. 

 There is no current grading system for re  ux done with 
RNC. Grades II and III are lumped together as low-grade 
 re  ux and grades IV and V are combined as high-grade 
 re  ux. 

 Initial Management of Vesicoureteral Re  ux 
 At the initial presentation of a patient with VUR, the   rst 
step is to treat any underlying infection if present. After a 
history and physical, a baseline renal ultrasound should be 
obtained. If bilateral renal abnormalities are identi  ed, a se-
rum creatinine is indicated. A baseline serum creatinine is 
obtained to establish an estimate of GFR for future reference. 
Height, weight, and blood pressure should be documented. 
An assessment of voiding patterns is recommended to detect 
the underlying voiding dysfunction. A urinalysis for protein-
uria and bacteriuria is also recommended. If the urinalysis 
indicates an infection, a urine culture and sensitivity is rec-
ommended. 123  

 Once VUR has been diagnosed, factors including age, 
race, degree of re  ux, and compliance should be considered. 
Children under 1 year of age should be treated with  surgery 
or antibiotic prophylaxis and should not be observed 
 because of the increased risk of renal scarring in this age 
group. Treatment of children over the age of 1 year or adults 
should be based on clinical judgment, taking into account 
these factors including renal scarring. 123  

 Medical Management of 
Vesicoureteral Re  ux 
 Medical management, or “watchful waiting,” has been the 
standard approach over the past 20 years (Tables 19.4 and 
19.5). Sterile urine is maintained with low-dose antibiotic 
suppression therapy and is usually given at nighttime to 
achieve peak antibiotic concentrations during the longest pe-
riod between voids when infection is most likely to  develop. 
Children less than 2 months old are given either trime-
thoprim or amoxicillin at one-third to one-fourth the normal 
dose every day. After 2 months of age through adulthood, 

FIGURE 19.20 The classi  cation of kidneys with re  ux nephropathy (RN) on 99mTc-DMSA scanning. A: Normal. B: Type 1 (no more than 
two scarred areas). C: Type 2 (more than two scarred areas, with some areas of normal parenchyma). D: Type 3 (generalized damage to 
whole kidney, similar to obstructive nephropathy [i.e., contraction of entire kidney with or without focal scars]). E: Type 4 (“ end-stage” kidney 
with little or no uptake of radionuclide [i.e., less than 10% of overall function].) (Courtesy of Dr. Noemia P.  Goldraich, Porto Alegre, Brazil.)

A-E

FIGURE 19.21 The classi  cation of grades of vesicoureteral 
re  ux used by the International Re  ux Study Committee. (From 
Report of the International Re  ux Study Committee. Medical 
versus surgical treatment of primary vesicoureteral re  ux. Pedi-
atrics 1981;67:392, with permission.)
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the drugs of choice become trimethoprim- sulfamethoxazole 
or nitrofurantoin. 

   The basis for medical management is based on several 
important studies from the 1990s. The hypothesis was that 
antibiotic prophylaxis could prevent infection and halt renal 
scarring and deterioration, whereas re  ux resolved over time 
in children. 

 The International Re  ux Study in Children 130  random-
ized children younger than 9 years old with high-grade re-
  ux to either antibiotic prophylaxis or corrective surgery. 
Surgery reduced the incidence of pyelonephritis, but the in-
cidence of UTI (38%) and new renal scarring was the same 
in both groups. 

 The Birmingham Re  ux Study 131  prospectively random-
ized children to surgery versus medical management over 
a 5-year period. This study once again showed the inci-
dence of new renal scarring to be similar in both groups, 
but more scarring was found in children within the   rst 2 

years of observation. There was no signi  cant difference in 
the  incidence of breakthrough UTI between the two groups. 
However, there were two patients that did progress to ESRD 
in the observation group and four who developed extensive 
scarring and hypertension. 

 Recently, pediatricians question if antibiotic prophylaxis 
is needed in patients with re  ux if good elimination habits 
are present. Two randomized studies 132,133  from 2008 dem-
onstrated that patients with re  ux followed over a period 
of 1 to 2 years experienced no difference in the incidence 
of pyelonephritis or renal scarring with respect to antibiotic 
prophylaxis or observation. 

 Unfortunately, infections on antibiotic suppression do 
occur. Breakthrough infections can represent noncompli-
ance or even overdosing of the antibiotic. In this case, a 
urinalysis and urine culture must be obtained. If the urine 
culture grows bacteria that are sensitive to the antibiotic, 
noncompliance is suspected. If the bacteria are resistant to 

TA B L E

Immunopathogenetic Mechanisms Associated with Renal Allograft Rejection13.2 Treatment of Vesicoureteral Re  ux in Children

Treatment

Clinical Presentation
Initial (Antibiotic Prophylaxis or 

Open Surgical Repair)
Follow-up (Continued Antibiotic Prophylaxis, 

Cystography, or Open Surgical Repair)a

Re ux Grade / 
Laterality  Pt. Age (yr)  Guideline

Preferred 
Option

Reasonable 
 Alternative  Guidelineb

Preferred 
Optionb

No 
Consensusc 

I–II/Unilat.
orbilat.

Younger 
than 1

Antibiotic 
prophylaxis

Boys and girls

1–5  Antibiotic 
prophylaxis

Boys and girls

6–10  Antibiotic 
prophylaxis

Boys and girls

III–IV/Unilat.
orbilat.

Younger 
than 1

Antibiotic 
prophylaxis

Bilat: Surgery if 
persistent

Unilat: Surgery if 
persistent

1–5  Unilat: Antibiotic 
prophylaxis

Bilat: Antibiotic 
prophylaxis

Surgery if 
persistent

6–10  Unilat: Antibiotic 
prophylaxis

Bilat: Surgery

Bilat: Antibiotic 
prophylaxis

Surgery if 
persistent

V/Unilat. or 
bilat.

Younger 
than 1

Antibiotic 
prophylaxis

Surgery if 
persistent

1–5 Bilat:Surgery
Unilat: Antibiotic 

prophylaxis

Bilat: Antibiotic 
prophylaxis

Unilat: Antibiotic 
prophylaxis

Surgery if 
persistent

6–10 Surgery  Surgery

aFor patients with persistent uncomplicated re ux after extended treatment with continuous antibiotic therapy.
bSee duration of re ux regarding the time that clinicians should wait before recommending surgery.
c No consensus was reached regarding the role of continued antibiotic prophylaxsis, cystography, or surgery. 
From Elder JS, Peters CA, Avant BS Jr, et al. Pediatric vesicoureteral re ux guidelines panel summary report on the management of primary  vesicoureteral 
re ux in children. J Urol 1997;157:1846.
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the medication, too high a dose of the suppressive antibi-
otic may lead to the killing of normal intestinal   ora and 
the growth of resistant bacteria. Rates of infection can be as 
high as 12% to 33% on antibiotic suppression in a compliant 
patient. 134,135  

 Surgical Management of Vesicoureteral Re  ux 
 Surgical management has been the de  nitive treatment for 
VUR since the 1950s when Hutch 136    rst described his tech-
nique on nine paraplegic patients. Open ureteral reimplan-
tation into the bladder has been a standard of care. In the 
early 1980s, endoscopic management for the treatment of 

VUR emerged and has since become an alternative to open 
surgery. Surgical therapy is indicated for females with unre-
solved re  ux who may become pregnant, for noncompliant 
patients, and for failed medical management patients who 
have had breakthrough infections or who are unable to toler-
ate the antibiotics. 

 Surgical techniques all have the same principles, which 
include mobilizing the distal ureter without compromising 
its blood supply, creating a submucosal tunnel that provides 
the 5:1 ratio previously described, gentle handling of the 
bladder, and adequate muscle backing to the ureter within 
the submucosal tunnel. Cystoscopy at the time of the proce-
dure can be performed, but is not mandatory. 

TA B L E

Immunopathogenetic Mechanisms Associated with Renal Allograft Rejection13.2 Treatment of Vesicoureteral Re  ux in Children

Treatment

Clinical Presentation
Initial (Antibiotic Prophylaxis or 

Open Surgical Repair)
Follow-up (Continued Antibiotic Prophylaxis, 

Cystography, or Open Surgical Repair)a

Re ux Grade/ 
Laterality  Pt. Age (yr)  Guideline

Preferred 
Option

Reasonable 
 Alternative  Guidelineb

Preferred 
Optionb

No 
Consensusc 

I–II/Unilat.
orbilat.

Younger 
than 1

Antibiotic 
prophylaxis

Boys and girls

1–5  Antibiotic 
prophylaxis

Boys and girls

6–10  Antibiotic 
prophylaxis

Boys and girls

III–IV/ Unilat.  Younger 
than 1

Antibiotic 
prophylaxis

Girls: surgery if 
persistent

Boys: surgery if 
persistent

1–5  Antibiotic 
prophylaxis

Girls: surgery if 
persistent

Boys: surgery if 
persistent

6–10 Antibiotic 
prophylaxis

Surgery if 
 persistent

III–IV/Bilat.  Younger 
than 1

Antibiotic 
prophylaxis

Surgery if 
 persistent

1–5  Antibiotic 
prophylaxis

Surgery  Surgery if 
 persistent

6–10  Surgery

V/Unilat.
orbilat.

Younger 
than 1

Antibiotic 
prophylaxis

Surgery  Surgery if 
 persistent

1–5  Bilat:surgery  Unilat:surgery  Surgery if 
 persistent

6–10  Surgery

aFor patients with persistent uncomplicated re ux after extended treatment with continuous antibiotic therapy.
bSee duration of re ux regarding the time that clinicians should wait before recommending surgery.
c No consensus was reached regarding the role of continued antibiotic prophylaxsis, cystography, or surgery. 
From Elder JS, Peters CA, Avant BS Jr, et al. Pediatric vesicoureteral re ux guidelines panel summary report on the management of primary  vesicoureteral 
re ux in children. J Urol 1997;157:1846.
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patients with a known history of stones or a family history 
of nephrolithiasis. 

   The Lich-Gregoir repair is the most common extravesi-
cal ureteral reimplant technique used. The ureter is  dissected 
after ligation of the obliterated hypogastric artery off the 
bladder muscle and trigone. The bladder serosa and muscle 
are dissected off the bladder mucosa 4 to 5 cm superior and 
lateral from the ureteral ori  ce. The ureter is placed between 
the detrusor   aps, and the   aps are sewn over the distal 
 ureter, thus creating a submucosal tunnel. 

 An open surgical correction of VUR, regardless of which 
technique is used, has a very high success rate with an overall 
cure rate of 98.1%. 123  Postoperative complications include 
recurrent re  ux, contralateral re  ux, UTI, and obstruction. 

 Endoscopic Treatment of 
Vesicoureteral Re  ux 
 The   rst case of cystoscopic treatment for VUR was described 
in 1981 by Matouschek 137  when he injected polytetra  uoro-
ethylene (PTFE) in a subureteric fashion. It did not become 
a popular mode of treatment until O’Donnell and Puri 138

published their series of 103 ureters injected with Te  on 
leading to a 75% success rate after one injection. One year 
later, they treated ureters with grades IV to V re  ux with an 
84% success rate at a 6-month follow-up. 139  Resolution rates 

 Open Ureteral Reimplantation 
 Open ureteral reimplantation can be classi  ed as either in-
travesical, extravesical, or combined. Using a Pfannenstiel 
incision, intravesical repairs require opening of the bladder 
from the dome of the bladder anteriorly to just proximal to 
the bladder neck. The ureteral ori  ces are then identi  ed 
and a 3- or 5-Fr feeding tube is placed into the ureter to aid 
in dissection. The distal ureter is then dissected away from 
the bladder to the level of the peritoneum, keeping the blood 
supply and the ureteral sheath intact. Once an adequate 
length is obtained, the surgeon’s preference determines how 
the ureter will be reimplanted. 

 The Politano-Leadbetter technique requires moving 
the ureter into a new submucosal tunnel with the neo- 
ori  ce located in a more medial and inferior position on 
the trigone (Table 19.6). The Paquin technique is similar to 
this except the dissection of the distal ureter and placement 
of the proximal end of the submucosal tunnel is done ex-
travesically. The Glenn-Anderson technique uses the same 
hiatus as the old ori  ce but moves the ori  ce closer toward 
the bladder neck to increase the length of the submuco-
sal tunnel. The Cohen cross-trigonal technique moves the 
right ori  ce to the left side of the bladder under a sub-
mucosal tunnel while the left ureteral ori  ce is moved to 
the right side of the bladder. This should not be done on 
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Author  Technique  Advantages  Disadvantages

Politano–Leadbetter  Intravesical ureteroneo-
cystotomy

Potential for a long submucosal 
tunnel; anatomic alignment 
of the ureters for retrograde 
catheterization

Potential complications as a 
result of neocystotomy 
(obstruction, transperitoneal 
placement, bowel injury)

Glenn–Anderson  Intravesical trigonal 
advancement

No neocystotomy and anatomic 
alignment of ureters; simple 
to perform

Not suitable for dilated ureters 
as a result of limitation of 
submucosal tunnel length

Cohen  Intravesical cross-trigonal 
advancement

No neocystotomy and  potential 
for long tunnel length; 
simple to perform

Ureters not in anatomic 
 alignment could prevent 
retrograde catheterization

Gil–Vernet  Intravesical medial 
 advancement

No neocystotomy; simple and 
rapid procedure because of 
limited dissection of ureters

Less successful than other intra-
vesical techniques and only 
suitable if ureters are highly 
mobile within the bladder

Lich–Gregior and 
 Zaontz and 
 colleagues

Extravesical neocystotomy 
with or without 
advancement

Ureters in anatomic alignment; 
less postoperative bladder 
symptoms and hematuria

Dif cult dissection; potential 
temporary urinary retention 
when performed bilaterally

From Austin JC, Cooper CS. Vesicoureteral re ux: surgical approaches. Urol Clin North Am 2004;31:543, with permission.
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 unless to prove a resolution of the VUR. 123  In the presence 
of an abnormal ultrasound, a great concern of scarring due 
to a breakthrough UTI, or a decrease in the patient’s overall 
kidney function, DMSA scanning of a child can be done. 123  

 Follow-up for Surgical Therapy 
 The standard of care after a patient has a corrective sur-
gery for VUR is a renal ultrasound to rule out or diagnose 
an obstruction of the upper tract. A postoperative VCUG 
may be done if the patient had an open surgery, but it is 
 recommended when endoscopic correction was performed 
because the success rate is lower. 123  The rate of obstruction 
after open or endoscopic surgery is less than 1%. There is 
no current recommendation on the duration of prophylactic 
antibiotics after surgery. 123  

 Screening of Family Members 
 VUR can be familial, and the mode of transmission is auto-
somal dominant. Kaefer 140  reported a 100% prevalence in 
identical twins. The current recommendation is that a non-
invasive test be done on siblings. If scarring is present, then 
invasive testing may be performed, especially if the sibling is 
less than 3 years of age. 112  

are lower in children with bowel and bladder dysfunction 
(50%) compared to those without dysfunction (89%). 123  

 Under a general anesthesia, a cystoscope is placed into 
the bladder and the re  uxing ureteral ori  ce is identi  ed. 
A cystoscopic needle is placed at the 6 o’clock position and 
the material is injected into the submucosal space, causing 
the submucosal tunnel to lengthen and allowing for easier 
compression of the ureter at rest and during voiding. The 
injection should be done slowly and the surgeon should see 
a mound forming at the ureteral ori  ce and the ori  ce itself 
rising into a “volcanolike” ori  ce. There are several types of 
injectable material used for this procedure including PTFE, 
bovine collagen, polymethysiloxane, and De  ux as well as 
autologous material such as fat, collagen, muscle, and chon-
drocytes (Table 19.7). The overall success rate of endoscopic 
treatment for VUR varies from 50% to 92%. 123  

   Follow-up for Medical Management 
 Patients on antibiotic prophylaxis should have an ultra-
sound at least every 12 months and a VCUG every 12 to 24 
months. 123  In patients with grades I to II VUR, follow-up im-
aging is not considered mandatory, and there is no evidence 
to support continuous follow-up imaging with a VCUG 

TA B L E

Immunopathogenetic Mechanisms Associated with Renal Allograft Rejection13.2 Success Rates of Endoscopic Management of Vesicoureteral Re  ux

Implant
% Re ux Cured with 
Implant One Injectiona Biodegradable  Comments

Autologous chondrocytes  55  Autologous  Requires two procedures: cartilage 
harvest and the subsequent 
 subureteric injection

Bovine cross-linked 
 collagen

72  Yes  Skin allergy testing prior to treatment; 
high relapse rate after 1 year

Dextranomer/hyaluronic 
acid copolymer

72  Yes  Nonimmunogenic; easy to inject with 
 syringe and needle; only implant 
FDA approved for the treatment 
of re ux in children in the 
United States

Polydimethylsiloxane  82b No  Solid silicone elastomere soft 
 tissue-bulking agent suspended in 
bioexcretable carrier gel

Polytetra uoroethylene  73  No  Te on particles suspended in glycerine; 
small particle size makes  migration 
a concern; most studied of all 
implants with largest series

aOverall for all re uxgrades.
bGrades I–III only.
From Austin JC, Cooper CS. Vesicoureteral re ux: surgical approaches. Urol Clin North Am 2004;31:543, with permission.
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 Conclusion 
Clinical consequences of vesicoureteral re  ux can range 
from asymptomatic to end-stage renal disease. A prompt 
diagnosis of the condition in a patient with a UTI is man-
datory to salvage renal function, especially in children less 
than 1 year of age. Surgical or medical therapies are accepted 
management options and should be discussed after the di-
agnosis. The main goal in the treatment of VUR is to prevent 
damage to the upper tracts and to preserve renal function. 
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