Urinary Tract Obstruction

ThomasH. Waid

Obstruction of the urinary tract is a condi-
tion that physicians in al disciplines fre-
quently encounter. Regardless of the cause,
obstruction of urinary outflow leads to renal
impairment that is initially reversible if ob-
structionisalleviated. Thetubulesare primar-
ily affected; however, with time, progression
resultsin parenchymal atrophy with glomeru-
lar sparing until late in the clinical course.
Long-standing obstruction affects the kidney
grossly as well as microscopically, resulting
in dilatation of the pelvis and calices and
thinning of the cortex. Whether the obstruc-
tionisunilatera or bilateral, acute or chronic,
it produces changesin the anatomy and physi-
ology of the kidney involved.

Therapeutic efforts are often aimed solely
at relieving the cause of obstruction. There-
fore, the sequel ae of obstruction and its man-
agement may be overlooked. Often a signifi-
cant salt-and-water diuresis, known as post-
obstructive diuresis (POD), results and the
physician’s thought process must shift from
relieving and perhaps treating the obstructing
lesion to treating the physiologic derange-
ments associated with the POD.

Nephrologists, urologists, and internists
should have aworking knowledge of therenal
response to obstruction and its alleviation.
This chapter encompasses diagnoses, patho-
physiology, and treatment of obstruction and
management of POD.

Incidence

Impairment of normal urine flow by func-
tional or structural changesintheurinary tract
is a common occurrence in al ages. Pyelo-
caliectasis has been found on autopsy of 3.5%
of adults with a 1:1 male to female ratio.
Additionally, 2% of children display hy-
dronephrosis at autopsy, mostly because of
congenital anomalies. After age 60, obstruc-
tion occurs more often in males, resulting
from benign prostatic hypertrophy and pro-
static cancer, whereas middle-aged women
develop obstructive uropathy as a result of
pelvic cancer or retroperitoneal fibrosis. Cur-
rently in the United States, the incidence of
patient visits attributed to obstructive
uropathy is about 380 out of 100,000 patient
visits.

Causes of Partial or
Complete Urinary
Obstruction

Obstruction of the urinary tract can occur at
any level and hasmany causes[1, 2]. Further-
more, obstruction can be complete, implying
obstruction of al functioning nephrons, or
partid. In the former scenario, obstruction is
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Table 1. Causes of Urinary Tract Obstruction

Kidney

— Urolithiasis — pelvis

— Ureteropelvic junction obstruction

— Papillary necrosis

— Tumor (malignant or benign)

— Intratubular obstruction (crystalline neph-
ropathy)

Ureter

— Tumor (papilloma, transitional cell carcinoma)

— Urolithiasis

— Congenital obstructive megaureter

— Eagle Barrett syndrome (prune belly)

— Ureterocele, orthotopic or ectopic

— Ectopic ureter

— Retrocaval ureter

— Retroperitoneal fibrosis (idiopathic, drugs, irra-
diation)

— Inflammatory bowel disease

— Metastatic tumor, retroperitoneal adenopathy

— Infection (tuberculosis, Schistosoma
haematobium, fungus ball)

— Ureteral valve

— Ureteral polyp

— Pelvic lipomatosis

— Lymphocele

Bladder

— Neurogenic bladder (spinal cord defect,
trauma, diabetes, multiple sclerosis, Parkin-
son’s disease,

— strokes)

— Bladder neck contracture

— Transitional cell carcinoma

— Hemorrhagic cystitis

— Blood clots

— Infection (pyocystis, schistosomiasis)

— Detrusor, sphincter dyssynergia

— Bladder stones

Urethra

— Stricture

— Detrusor-sphincter dyssynergia
— Trauma/obliteration

— Meatal stenosis

— Posterior and anterior urethral valves
— Prostatic hypertrophy or cancer
— Calculus

— Polyp or urethral carcinoma

— Phymosis, paraphymosis

— Diverticulum

Table 1. Causes of Urinary Tract Obstruction
(Part 2)

Extrinsic compression

— Cervical tumor

— Uterine tumor or pregnancy
— Endometrial tumor

— Endometriosis

Uterine prolapse

— Vaginal distension

— Aneurysms

— Aberrant crossing vessels
— Abscess

Gartner’s duct cyst

— Crohn’s disease

— Diverticulitis

bilateral or involves an anatomically or func-
tionally solitary kidney. The causes of com-
plete or partial obstruction arelisted in Table 1.

Intratubular obstructionistheresult of crys-
talline nephropathy and cannot be demon-
strated radiographically or sonographically.
In many cases, such as in tumor lysis syn-
drome, sulfadrug administration, or ethylene
glycol poisoning, there will be crystalsin the
urinary sediment (uric acid, sulfa, oxalate,
etc.) that yield atimely diagnosis. Becausethe
crystal depositsaretheresult of filtrationfrom
the blood and crystallization in the lumen of
al nephrons of the kidney, the obstructioniis,
by definition, bilateral and complete.

Obstruction of therenal calix or pelvis may
be unilateral or bilateral, complete or partial.
Unilateral obstruction may resultinipsilateral
loin pain, microhematuria, gross hematuria,
or it may be asymptomatic. However, there
will belittle or no changein blood ureanitro-
gen (BUN), creatinine, or electrolytes if the
unobstructed kidney is functioning normally.
Causes of obstruction in the pelvis or calices
include renal stones of any type, including
staghorn calculi, rena papilla sloughed dur-
ing papillary necrosis, and benign and malig-
nant tumors.



Ureteric obstruction can be unilateral or
bilateral, partial or complete. Ureteral colic
and flank pain result from acute obstruction
and may be accompanied by nausea, vomit-
ing, scrotal pain and micturitional urgency;
however, chronic indolent obstruction may be
asymptomatic.

Malignant tumors such as transitional cell
carcinoma, stones, and retroperitoneal lym-
phadenopathy constitute the more common
causes of ureteral obstruction. Ureteric stric-
tures may be caused by multiple stone pas-
sage, instrumentation or a previous operation,
pelvic irradiation, infections such asrenal tu-
berculosis or Schistosoma haematobium in-
fection, and inflammatory bowel disease. Ad-
ditionaly, in cases of inflammatory bowel
disease, radiation, and penetrating trauma, a
urinary fistula can develop from the ureter or
bladder with resorption of urine by the perito-
neal membrane and resultant elevation in
BUN, creatinine, chloride, and other electro-
lytes. This urinary resorption may mimic ob-
struction, although no obstruction exists per
se.

Extrinsic causes of ureteral obstruction are
best classified by the system of origin. Most
extrinsic lesions obstructing the ureters origi-
nate in the reproductive system, including
pregnancy and cervical, endometrial, and
ovarian cancer aswell as uterine prolapse and
endometriosis. Vascular abnormalitiessuch as
aortic or iliac aneurysms or aberrant vessels
and retroperitoneal lymphadenopathy from
malignancy cause extrinsic obstruction. As
previoudy stated, inflammatory bowel dis-
ease, particularly Crohn’s disease, can cause
strictures and fistulas of the ureters and blad-
der, respectively. Finaly, retroperitonea fi-
brosis results in encasement of the ureters,
inhibiting peristalsis and causing significant
partial obstruction. Patients usually present
with vague back pain and an el evated erythro-
cyte sedimentation rate (ESR), BUN, and
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creatinine. There may aso be a history of
methyldopa, methysergide, or beta blocker
drug use or retroperitoneal malignancy re-
quiring chemotherapy or irradiation. Unlike
other causes of obstruction, hydronephrosis
may not be apparent radiographically or
sonographically because of fibrous encase-
ment of the upper urinary tract.

Pathophysiology of
Obstruction

Obstruction of the urinary tract generaly
causes dilatation of al portions of the urinary
tract proximal to the level of obstruction as-
cending to the rena parenchyma. The initial
response is one of muscular hypertrophy of
the proximal ureter and renal pelvisfollowed
by production of collagen and elastic tissue.
Thelatter connectivetissueimpairsmyogenic
impulse transmission, thereby disturbing
peristalsis [3, 4]. Hydronephrosis causes tu-
bular dilatation and tubule cell atrophy, ap-
pearing within 7 days of obstruction in the
distal tubule and within 14 days in the proxi-
mal tubule. By day 28, approximately 50% of
the medullaislost, and thereis obvious corti-
cal atrophy because of the associated loss of
proximal tubules. Glomerular changes occur
only after 28 days of obstruction. Although
thereisan eventual reduction of blood flow in
hydronephrosis, it appears to be the result of
impaired venous drainage and not only to an
alteration in arterial flow [5, 6, 7].

When complete obstruction occurs, the
urine in the obstructed kidney is not static;
rather, there is a turnover of urine in hy-
dronephrosis as most urine extravasates via
the calyceal fornix. Urine can exit the rend
pelvisby extravasation, pyel olymphatic back-
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flow, and pyelovenous backflow while
glomerular filtrate replenishes the urine and
maintains the hydronephrosis. With lower
pressure, the urine exits into the lymphatics,
with higher pressure, the renal venous system
resorbstheurine[8, 9]. In chronic obstruction
of 6to 34 days duration, the quantity of urine
escaping the renal pelvis ranges from 0.04 to
0.16 mL/min. Glomerular filtration in com-
plete obstruction is 1.2 mL/min after 2 weeks
and 0.4 mL/min after 5 weeks[10].

Renal Compensation for
Obstruction

When asinglekidney fails, regardlessof the
etiology, there is adaptation within the re-
maining kidney to restore total renal function
toward normalcy. Such adaptation occurs
both by hypertrophy and hyperplasia[11]. As
aresult of unilateral obstruction, there is an
ipsilateral and contralateral increase in renal
mass in the first week. Thereafter, there is
progressive hypertrophy in the nonobstructed
kidney while the obstructed kidney slowly
atrophies[12, 13]. During this compensatory
hypertrophy, theglomeruli increasein sizebut
not in number. Perhaps this is the result of
single nephron hyperfiltration.

Upon aleviation of obstruction, the ob-
structed kidney regains some function, and
although compensatory hypertrophy of the
contralateral kidney persists, total rena func-
tion does not recover to normal by 4 months.
The degree of recovery of renal function after
relief of obstruction varies with the duration
of obstruction and the severity of pyelolym-
phatic or pyelovenous backflow of urine[14].
Upon releasing total ureteral obstruction of 4
weeks' duration, the glomerular filtration rate
(GFR) returnsto 35% of normal by 5 months;
however, thereisno recovery of function after
6 weeks of total ureteral obstruction.

4

Hydrostatic Pressuresin the
Ureter, Pelvis, and Renal Tubules
During Obstruction

Normally the pressure in the renal pelvisis
between 6 and 7 mm Hg, exceeding intraperi-
toneal pressure and that within the bladder
and ureter. The pressure in the normal proxi-
mal tubuleis14 mmHg, and the pressurefrom
glomerular filtration (glomerular capillary
pressure [60 mm Hg], less capillary oncotic
pressure [25 to 30 mm Hg], less the hydro-
static pressure in Bowman’s space [15 mm
Hg]) is between 15 and 20 mm Hg [15].

During urinary tract obstruction, renal pel-
vis and ureteral pressures rise acutely only to
decline to 50% of the peak value within 24
hours. Over the next 2 months, the intraure-
teric pressure steadily decreases to a nadir of
15 mm Hg[14, 16]. Thishigher uretera pres-
sure, sometimes measured at 50 — 70 mm Hg
during acute obstruction, results from filtra-
tion pressure and active muscle contractions
intherenal pelvisand ureter [15, 17]. Admini-
stration of mannitol or volumeexpansionwith
saline can increase ureteral pressures to 100
mm Hg [18, 19]. Proximal tubular pressures
may acutely rise to 40 mm Hg; however,
within 24 hoursthe proximal tubular pressure
is below normal because of afferent renal
arteriolar vasoconstriction [20, 21].

Glomerular Filtration, Renal
Blood Flow, and Tubular Function
in Acute Obstruction

Glomerular filtration and renal blood flow
(RBF) are affected as a consegquence of affer-
ent renal arteriolar constriction. As proximal
tubular pressure increases, the GFR falls be-
cause of afferent renal arteriolar vasoconstric-
tion beginning within 5 hours of the onset of
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obstruction. Additionally, as the proximal tu-
bular pressure rises, there is a declining pres-
sure gradient between the glomerulus and the
proximal tubule. GFR is 52% of normal 4
hours after the onset of complete obstruction
but only 2% of normal after 48 hours [22].
Additionally, during the first 24 hours of ob-
struction, RBF and ureteral pressure in the
ipsilateral kidney display atriphasic relation-
ship (Figure 1) [16, 23]. In the first 90 min-
utes, there is an increase in RBF and ureteral
pressure consistent with preglomerular vaso-
dilatation, a phenomenon that is pro-
staglandin mediated [24]. The increase in
RBF appearsto be confined to the cortex with
the majority being distributed to the inner
cortex [25].

The second phase occurs from 90 minutes
to 5 hours after acute obstruction and is the
result of preglomerular arteriolar resistance.
The mean RBF begins to decline; however,

6 7 8 9 1011 12 13 14 15 16 17 18

Time (hours)

the mean ureteral pressure continues to rise
and then plateau. The third phase then ensues
from 5— 18 hours, marked by declinesin both
ureteral pressure and RBF. The presumed
mechanism would appear to be persistent
preglomerular vasoconstriction, but the exact
mechanism remains unknown [26].

Tubular function is atered in partial acute
ureteral obstruction because of a slower rate
of tubular fluid flow. Asaresult, urinevolume
decreases, osmolality increases, and urinary
sodium concentration may be reduced [27].
After complete acute ureteral obstruction,
there is afurther declinein GFR, and tubular
function becomes impaired, which results in
atemporary concentrating defect after there-
|ease of acute ureteral obstruction [28].

The effects of partial and complete chronic
obstruction have also been studied. In chronic
partia obstruction, there is a reduction in
RBF, GFR, urinary concentrating ability, so-
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dium reabsorption, and urinary acidification
(hydrogen ion excretion) [27, 29]. Indeed,
impairment of urinary acidificationisaresult
of impairment in all aspects of tubular hydro-
gen ion handling, including ammonia excre-
tion, titratable acidity, and bicarbonate reab-
sorption [30]. Complete chronic obstruction
displays a decline in ureteral pressures after
24 hours, and the decline continues over 6 —8
weeks. Proximal tubular pressures may nor-
malize or become 30% | ower than normal [ 26,
31]. Because of afferent arteriolar vasocon-
striction, RBF progressively declines to 70%
of normal at 24 hoursand 50%, 30%, and 12%
at 3, 6, and 50 days, respectively [16, 23]. The
most significant reductionsin RBF areseenin
the outer renal cortex and the inner medulla
[25,32].

As stated, the rate of glomerular filtration
declines progressively in chronic complete
obstruction, with fluid exiting the collecting
system by pyelolymphatic, pyelovenous, and
pyelotubular backflow. The GFR is 0.4
mL/min at 5 weeks of obstruction; however,
this is enough to replace the exiting tubular
fluid [10]. Oneweek after rel ease of complete
obstruction of 2 weeks' duration, the GFR is
restored to 15% of normal with the maximum
attainable recovery being 46% of normal. No
recovery of GFR is ever noted after 6 weeks
of chronic obstruction [33].

Complete urinary obstruction impairs all
tubular function except urinary dilution, and
upon release of obstruction, urinary concen-
trating ability and sodium conservation are
severely impaired. Although urinary concen-
trating ability can be recovered after release
of 2weeksof completeobstruction, it remains
permanently impaired after 4 weeks of ob-
struction [14]. Other tubular functions are
likewise impaired, including glucose trans-
port, potassium excretion, sodium resorption,
and urinary acidification. Inability to concen-
trate urine remainsthe primary defect [14, 34].

6

Obstruction and Hypertension

Hypertension may be associated with either
unilateral or bilateral obstruction. Acute uni-
lateral obstruction is associated with renin
elaboration and renin-dependent hyperten-
sion [14, 23]. Chronic unilateral obstruction
may be associated with hypertension. How-
ever, renin is rarely elevated in bilateral ob-
struction, and patients usually have volume-
dependent hypertension in this setting.

Clinical Presentation and
Diagnosis of Obstruction

The clinical manifestations of urinary tract
obstruction vary, depending on the location,
duration, and degree of obstruction. Patients
with complete bilateral obstruction or with an
obstructed solitary kidney may present with
acute oligoanuric renal failure, whereas par-
tia obstruction of both kidneys or a solitary
kidney may result in chronic azotemia with
polyuria or urine output alternating from
oliguriato polyuria. Pain is more likely to be
associated with acute obstruction; however,
obstruction may be totally asymptomatic and
occur without laboratory findings or clinical
manifestations [35].

As stated previously, hypertension may oc-
cur as a consequence of obstruction and may
be volume or renin dependent. Polycythemia
because of erythropoietin secretion has been
described; however, in severely azotemic pa-
tients a normochromic, normocytic anemiais
more commonly seen. Physical examination
may uncover apal pableflank massor bladder,
and rectal or pelvic examination may reveda
an enlarged prostate gland or gynecol ogic pa-
thology. In thin patients, bladder masses may
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Figure2. Renogram showing
unobstructed pattern in the
right kidney (A) and an ob-
structed pattern in the left kid-
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Left kidney

. Bladder

ney (B). Appearance of ra-
dionuclide in the bladder is
seen in the bladder curve.

be palpated bimanually. Finally, assessment
of volume status is very important in deter-
mining how to best manage the patient. Com-
plete obstruction usually results in volume
expansion, which in severe cases can produce
congestive heart failure (CHF) and pulmo-
nary edema. Volume depletion can occur in
unilateral obstruction in which the contralat-
eral kidney excretes salt and water in a com-
pensatory fashion.

Laboratory evaluation may or may not be
helpful. The diagnosis can be aided by the
presence of azotemia, a normal anion gap (8
—12 mmol/L), hyperchloremic metabolic aci-
dosis with normal potassium, or hyperka
lemia. The urinalysis will usualy have a pH
of > 5.5 on a fresh specimen. The urinary
sodiumwill be= 40 mmol/L andthefractional
excretion of filtered sodium (FENa) will be >
1. First voided morning urine will reveal the
patient’s lack of concentrating ability with a
low specific gravity (1.002 to 1.010) and os-
molality < 400 mOsm/kg. If renal failureisfar
advanced, the patient may develop a uremic
metabolic acidosisinwhich theanion gap will
be elevated. Urinary sediment can range from
bland to active including erythrocytes (due to
tumor, BPH, clots, or stones), infection; leu-
kocytes (due to infection, or stones), or crys-
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tals (due to stones, infection, or crystaline
nephropathy) [35]. Finaly, hypernatremia
may occur if patients are partialy obstructed
and sustain severe water losses because of
tubular insensitivity to antidiuretic hormone
(ADH), i.e. nephrogenic diabetes insipidus.

Ultrasonography remains the most useful
test in diagnosing urinary tract obstruction. It
is noninvasive, relatively inexpensive, and
both sensitive and specific. Sonography will
rarely yield a false-positive result because of
anatomic variations of the pyelocaliceal sys-
tem that may be misinterpreted as hydroneph-
rosis. Sonography may providefa se-negative
resultsin patientswho are both obstructed and
volume depleted or in patients obstructed be-
cause retroperitoneal fibrosis has encased the
entire collecting system. In the latter case,
retrograde pyelography with drainage films,
placement of ureteral catheters or stents, or
placement of percutaneous nephrostomies
and antegrade nephrostograms may diagnose
and treat the obstruction.

Radioisotope renography can be useful in
diagnosing urinary tract obstruction and dif-
ferentiating between mechanical (anatomic)
obstruction and functional (aperistaltic) ob-
struction (Figure 2). Isotope scanning is
unigue in the investigation of obstruction be-
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Figure 3. The diuretic
renogram. Results are fol-
lowed on a time activity curve
with a normal curve excluding
obstruction (A). A rising curve
unaffected by diuretic admini-
stration indicates obstruction
(B). Response to diuretics sug-
gests a dilated collecting sys-
tem, which is not obstructed
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cause it offers simultaneous quantification of
renal function and dynamic analysis of urine
flow rates. Urinary tract dilitation without a
demonstrable anatomic lesion may occur in
ureteric reimplantation, pyeloplasty,
ureterolithotomy, pyelolithotomy, primary
megaureter or vesicouretera reflux. If a
standard renogram is abnormal with no or
sluggish elimination of radionuclide tracer at
10 — 30 min, furosemide is given intrave-
nously (IV) whilethe study continues. One of
4 responses may occur (Figure 3):

— The renogram is normal, excluding ob-
struction (A).

— Therenogram curveremainsobstructive,
confirming anatomic obstruction (B).

— The obstructive curve is converted to a
nonaobstructive curve with rapid and
complete elimination of the tracer (C).

— The obstructive curve displays a partia
response to diuresis, indicating subtotal
or partial obstruction (D).

It must be noted that in patients with abnor-
mal voiding or in patients with free vesi-
coureteral reflux, the bladder must be drained
with a catheter or the test result may suggest
mechanical obstruction, when, infact, itisnot

8

(C). A partial diuretic response
indicates subtotal obstruction

D).

present. A repeat scan with aFoley catheter in
place is then warranted.

Finally, perfusion-pressureflow studiescan
be obtained to rule out obstruction. Also
known as the Whitaker test, the procedure
measures the perfusion pressure of asolution
passing antegrade through a percutaneous
nephrostomy tube at 10 mL/min. A pressure
rise of > 22 cm water indicates obstruction,
whereas arise of < 15 cm of water excludes
obstruction. Values ranging between 15 and
22 cm water are said to be equivocal [36, 37].
The mgjor disadvantage of thetest isitsinve-
siveness. The results of numerous studies
comparing perfusion pressure flow with the
lessinvasivediureticisotope renography have
been variable, with correlations ranging from
53 -86%[37, 38]. Additionally, studies com-
paring diuretic renography with rena pelvic
morphology appear to correlatewell (r=0.88)
[39].



Summary of Physiologic
Conditions During and
After Release of
Obstruction

Changes in rena physiology depend on
whether ureteral obstructionispartial or com-
plete. Complete obstruction often results in
the uremic state because of retention of waste
productsnormally excreted. Anatomically the
tubules look normal in complete obstruction,
whereas in partial obstruction, the tubules of
the nonobstructed kidney are collapsed and
the nephrons are poorly perfused. Pressures
areelevated inthe proximal and distal tubules
in complete obstruction but are lower than
normal in the unobstructed units in partial
obstruction. Afferent arterial pressureis ele-
vated in complete obstruction and diminished
in the unobstructed units in partial obstruc-
tion.

RFB and GFR are reduced to one-third of
normal in both complete and partial obstruc-
tion, in the former by increased proximal tu-
bular pressure and in the latter by afferent
arteriole vasoconstriction of the unaffected
kidney. When complete obstruction is allevi-
ated, the tubular pressures normalize; how-
ever, the GFR diminishes because of afferent
arteriolar vasoconstriction. Urineflow may be
increased dramatically after the release of
complete obstruction, and the excretion of
urea, potassium, phosphate, and magnesium
is enhanced. A diuresis occurs regardless of
fluid balance until the GFR can restore so-
dium delivery to the tubules and medullary
hypertonicity can be regained. The urinary
concentrating defect persists for severa days
beyond the salt-wasting defect, and the ability
to conserve urinary sodium should herald the
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recovery of concentrating ability and attenu-
ation of the diuresis.

After the release of partial obstruction, the
affected kidney has a normal urine flow of
dilute urine because of reduced GFR and RBF
and impaired concentrating ability. The con-
tralateral kidney maintains homeostasisand a
POD is often clinically inapparent.

M echanisms of POD

POD occurs when there is correction of
complete bilateral obstruction or complete
obstruction of a solitary functioning kidney.
During unilateral obstruction, urinary and se-
rum abnormalities are obscured by the unob-
structed kidney and POD rarely occurs. First
characterized as a syndrome of volume and
electrolyte imbalance following relief of ob-
struction by catheterization, POD involvesthe
production of large volumes of urineimmedi-
ately after the relief of urinary obstruction
[40]. Thissyndromeoccurswhen all nephrons
are obstructed and patients still have revers-
ible, albeit advanced, renal failure. Three
mechanisms are postulated (Figure 4): a de-
fect in urinary concentrating ability, impaired
renal sodium reabsorption, and solutediuresis
due to retained urea or iatrogenic administra-
tion of sodium-containing 1V fluids[41].

Upon relief of complete urinary tract ob-
struction, RBF and GFR initially decrease as
a result of the action of rena prostaglandins
[42]. Because a defect in urinary concentra-
tion and sodium conservation exists, diuresis
ensues. When the diuresis is prolonged and
severe, significant loss of water, sodium, po-
tassium, and magnesium can result in hypo-
volemia and electrolyte abnormalities that
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Urinary tract obstruction

Physiologic

|

Postobstructive diuresis

Pathologic Figure 4. Pathophysiologic
alterations in urinary tract ob-
l struction and postobstructive

diuresis. These mechanisms

! I

Urinary Impaired
concentrating sodium
defect resorption
Nephrogenic Hyperchloremic
diabetes nonhypokalemic
insipidus metabolic acidosis

cannot be adequately prevented or restored by
oral intake of solute (diet) and water [34].
Petients with prolonged POD are insensi-
tive to the administration of ADH or deoxy-
corticosterone acetate (DOCA), which ex-
plains the 2 patterns of diuresis seen in POD.
Themorecommon clinical entity isthe diabe-
tes insipidus-like nephropathy, which is usu-
ally associated with chronic obstruction and
isaself-limiting concentrating defect leading
to free water losses. Postobstructive sodium-
losing nephropathy israre butisamore severe
and protracted diuresis that occurs in the set-
ting of severebilateral obstruction and revers-
ible rena failure [43]. The question becomes
how and to what degreedo urinary concentrat-
ing defects and renal sodium loss contribute
to pathologic water and el ectrolytelossin POD.
As stated earlier, the urinary concentrating
defect is the result of atered renal hemody-
namics in the early phases of complete ob-
struction. The GFR initially decreases after
obstruction is relieved, and without tubular
solute, including sodium and urea, the medul -
lary tonicity cannot be maintained. Until
glomerular flow and filtration improve and
provide solute to restore the medullary tonic-

10

accumulation

l are physiologic during obstruc-

tion, continue pathologically in
the postobstructive period until
the hypertonicity of the renal
medulla is restored. Solute ac-
cumulation and diuresis are

pathologic when IV fluids are
l inappropriately administered.
[Bruce RG, Waid TH, Lucas BA
1997 Understanding postob-
structive diuresis. Contemp
Urol 9:53-66] with permission.

Solute

Solute
diuresis

ity, hypotonic urine losses will continue.
Clinically, this generaly results in a water
diuresisof 1 —4 days duration.

The natriuresis occurring in POD results
fromincreased delivery of sodiumtothedistal
tubule in the face of limited capacity of the
distal tubule to resorb the increased sodium
load [44]. This state is not unlike that pro-
duced by loop diuretics, which, when admin-
istered, block chloride and sodium resorption
in the loop of Henle, increase delivery to the
distal tubule, and thereby create a solute-rich
urine. Additionally, disturbances in proximal
sodium resorption can occur due to proximal
tubular dysfunction and further add to distal
tubule solute delivery. The naturesis of POD
is therefore not only related to enhanced so-
dium excretion to relieve volume expansion,
but also to a pathologic decrease in tubular
sodium reabsorption [44].

Patientswith POD have elevated serum lev-
els of atrial natriuretic factor (ANF) [45].
ANF is elevated whenever thereis extracel lu-
lar volume expansion, whether acute or
chronic, and has four effects: natriuresis, di-
uresis, vascular relaxation, and increasing
GFR via afferent arteriole dilation and effer-



ent arteriole constriction [46]. ANF has been
associated with complete urinary obstruction
and to the development and control of POD

[47].

Diagnosing and Treating
POD

Thediagnosisof POD should be considered
whenever excessive diuresis occurs after ob-
struction is aleviated. Recognition of the pa-
tients at greatest risk for developing POD is
an important first step. Complete urinary tract
obstruction is usually the predisposing clini-
cal condition. The clinical situation is often
encountered in elderly males with bladder
outlet obstruction from prostate disease, who
develop reversible renal failure [48]. These
patients have, at some time in their clinical
course, high pressure chronic retention of
urine and elevated serum levels of ANF, con-
ditionswhich favor the development of POD.
Additionally, the patient’s volume statusis an
important indicator of the degree of diuresis.
Hypervolemic patientswill diurese morevig-
orously than those who are euvolemic or vol-
ume depleted [35].

Once the obstruction has been treated by
catheterization, stenting, or percutaneous
nephrostomy, treatment of POD must begin.
Hourly assessment of the patient’s urine flow
and oral intake along with assessment of vol-
ume status is essential to prevent the patient
from becoming volume depl eted. Remember-
ing that the recently unobstructed kidney re-
quires time to recover the ability to conserve
sodium and to concentrate urine, the clinician
may find it useful to categorize these patients
into low, moderate, and high risk of develop-
ing diuresis[33] (Figure 5).
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In the low-risk and moderate-risk patient,
the diuresis may not be brisk, and the thirst
mechanismwill compel the patient toincrease
oral intake and replace volume. Obvioudly if
the patient is obtunded, then the thirst mecha-
nismisunreliable, and oral intake will be both
inadequate and unsafe. If the patient is nause-
ated and/or vomiting, ora intake is again un-
reliable, and if there is orthostatic hypoten-
sion, tachycardia, or urine volumes > 200
mL/hour, IV replacement is necessary. The
high-risk patient will have evidence for vol-
ume overload, mental status changes due to
uremia or other neurologic conditions, and
amost always complete obstruction of both
kidneys or a solitary functioning kidney.
These patients should receive IV fluid re-
placement from the onset of POD.

When IV fluid replacement is needed, a
solution with a composition similar to that of
urine is desirable. A spot urine for sodium,
potassium, and chloride is helpful in deter-
mining the makeup of this solution. Urine
sodium and chloride are usually 70 — 80
mmol/L. Urine potassium is usually 20 — 30
mmol/L. Therefore, replacement of urinewith
half normal saline or 5% dextrose in half
normal saline with 20 —30 mmol K/L isideal
in this situation. Since patients requiring im-
mediate IV therapy are often volume over-
|oaded, replacement of each mL of urinewith
one half mL of IV solution will correct the
volume expansion while avoiding volume de-
pletion. If the patient is hyponatremic, then
normal saline should be used initially at 1/2
mL 1V /mL urine. If the patient is volume
depleted on physical assessment, the patient
should begiven 1V normal salineat least 11V
mL urine and additional boluses of normal
saline until euvolemic by physical assessment
or by central venous pressure monitoring. If
the patient is hyperkalemic at the start of IV
replacement, monitoring of the serum potas-
sium will be necessary until the patient is
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Patient with complete obstruction:
Order electrolytes, BUN, creatinine.
Evaluate volume status.
Evaluate medical problems (neurologic, Gl)

Treat obstruction:

(daily when stable)

Record orthostatic BP and pulse.

Strict hourly intake and output.

Every 12 hr, weight, electrolytes, BUN,
creatinine, urine Na, K, Cl, and Osm;

!

}

Low-risk patient
No edema, CHF, azotemia
No mental confusion

Moderate-risk patient
Edema, CHF, azotemia
No mental confusion

High-risk patient
Pulmonary edema, CHF
Mental status change from

uremia

Antecedent chronic obstruction

Aliow patient to drink to satisfy thirst.

Oral intake replaces urine loss. patient

A
Same therapy as low-risk

Replace half urine output with half-
strength saline or D5 1/2 saline
with 20-30 mEq KCI/L. If patient is

Replace with IV fluids only if
orthostatic, tachycardic, hyponatremic
or UOP > 200 ml/hr

CHF = Congestive Heart Failure
Osm = Osmolality
CVP = Central venous pressure

hyponatremic, then replace ml for
ml with NS and 20-30 mEq KCI/L.
Consider CVP monitor

Figure 5. Algorithm for managing postobstructive diuresis. Adapted from [Vaughan ED Jr, Gillenwater JY,
Bruce RG, Waid TH, Lucas BA 1997 Understanding postobstructive diuresis. Contemp Urol 9:53-66] with
permission. CHF = Congestive Heart Failure, Osm = Osmolality, CVP = Central venous pressure.

normokalemic. Potassium may then be added
to the IV urine replacement solution. During
the period of recovery of rena function and
volume replacement, serum magnesium must
be monitored because magnesium wasting
can occur in POD. Replacement with magne-
sium sulfate 0.25 to 0.5 mmol/kg in 4 divided
doses daily for the next 24 — 72 hours should
be adequate to replace magnesium deficitsin
these patients[35].

It should be noted that 1V fluid replacement
isrecommended by someauthorseveninmild

12

cases of POD and in volume overloaded pa-
tients[49]. 1V fluid administration may result
inincreased diuresisand natriuresis; however,
GFR may recover more quickly. Finally, one
must understand that prolonged diuresis can
be iatrogenic due to IV volume expansion.
When IV fluid replacement isused in patients
who are not volume depleted, the clinician
should discontinue treatment every 8 — 12
hours. Discontinuation of therapy should pro-
duceaslowing of iatrogenic diuresis, whereas
POD will continue unabated. One should re-



member that the obstructed kidney has tran-
siently lost itsability to transport chlorideand
sodium from the lumen of the loop of Henle
to the medullary interstitium. The urine con-
centration of sodium should be high until
medullary tonicity is restored, a process re-
quiring urea. If 1V fluids are administered too
vigorously, the urea concentration will be
lowered and themedullary interstitiumwill be
“washed out”, delaying the recovery of con-
centrating ability. In this scenario, the clini-
cian should allow the BUN to rise and follow
the urinary sodium. As medullary tonicity
rises and the ability to concentrate urine and
conserve sodium is restored, the urinary so-
dium will fall, heralding the slowing of the
diuresis within 24 — 48 hours [35].

Summary Points of POD

In summary, it should be remembered that
POD stems from the relief of complete uri-
nary obstruction (al functioning nephrons)
and isusually, but not always, associated with
significantly advanced but reversible rend
failure. Urinary concentrating defects begin
during the obstructive phase and are not re-
solved until aleviation of the obstruction and
restoration of the hypertonic renal medullary
gradient, via the countercurrent exchanger.
Natriuresis occurs after the relief of complete
obstruction because of defective sodium han-
dling in the proximal and distal tubules. Ad-
ditionally, thelossof renal medullary function
(countercurrent multiplication) presentsmore
sodium and chlorideto arelatively nonresorp-
tive distal tubule and collecting duct produc-
ing a solute-enriched urine. ANF levels are
elevated in volume-expanded states, such as
complete urinary tract obstruction, and facili-
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tate a diuresis when the patient is no longer
obstructed. An osmotic diuresisfrom retained
urea also occurs.

Although volume overload may be present
initially, it can progress to volume depletion
when untreated diuresis occurs. In this case,
IV fluid administration is needed to prevent
prerenal azotemia and possibly shock. How-
ever, iatrogenic volume expansion from over-
zealous administration of 1V fluids may pro-
long the diuretic phase. Advanced but gener-
ally reversiblerend failure, an acquired distal
nonhypokalemic renal tubular acidosis (Type
IV RTA) and salt-wasting nephropathy are
often present, and other significant electrolyte
|osses (magnesium, potassium, and chloride)
can occur and requirereplacement. Treatment
regimens must be individualized to the pa-
tient’'s volume status, severity of diuresis,
mental status, and degree of electrolyteabnor-
malities. Inthisregard, vigilant monitoring of
the patient’s physical status as well as serum
and urine chemistries remains the basis of
optimum clinical care.

References

[1] Klahr S Bander S51997 Obstructive nephropathy.
In: Massry SG, Glassock RJ (eds): Textbook of
Nephrology, 2nd ed, Vol 11, Williams and Wilkins,
Baltimore, pp 889-909

[2]  Klahr S BuerkertJ, MorrisonH 1986 Urinary tract
obstruction. In: Brenner BM, Rector FJ Jr (eds):
The Kidney, 3rd ed. WB Saunders, Philadelphia,
pp 1443-1490

[3] CusssenLJ, TymmsA 1972 Hyperplasiaof ureteral
muscle in response to acute obstruction of the
ureter. Invest Urol 9: 504-509

[4] Gee WE Kiviat MD 1975 Ureteral response to
partial obstruction. Smooth muscle hyperplasia
and connective tissue proliferation. Invest Urol 12:
309-316

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - I-14 13

.14



Chapter | - Clinical Nephrology and Hypertension

(9]

(6]

(8]

(9]

(10

(11]

[12]

(13]

(14]

[19]

(16]

[17]

(18]

[19]

[20]

[21]

14

Hinman F, Morrison DM 1924 An experimental
study of circulatory changer in hydronephrosis. J
Urol 21: 435-452

Altschul R, Fedir S 1953 Vascular changes in hy-
dronephrosis. Am Heart J46: 291-295

Rao NR, Heptinstall RH 1968 Experimental hy-
dronephrosis. a microangiopathic study. Invest
Urol 6: 183-204

Narath PA 1940 Hydromechanics of calyx renalis.
JUrol 43: 145-176

Olsson O 1948 Studies on backflow in excretion
urography. Acta Radiol (Suppl 30) 70-76

Naber KG, Madsen PO 1974 Rena function in
chronic hydronephrosiswith and without infection
and the role of lymphatics: an experimental study
in dogs. Urol Res 2: 1-9

Preuss HG 1983 Compensatory renal growth
symposium — an introduction. Kidney Int 23: 569-
646

Zelman SJ, Zenser TV, Davis BB 1983 Rend
growth in response to unilateral ureteral obstruc-
tion Kidney Int 23: 594-598

Gillenwater JY, Westervelt FB jr, Vaughan ED
1975 Renda function after release of chronic
unilateral hydronephrosis in man. Kidney Int 7:
179-186

Vaughan ED Jr., Shenasky JH 1, Gillenwater JY
1971 Mechanism of acute hemodynamic response
to ureteral occlusion. Invest Urol 9: 109-118

Michaelson G 1974 Percutaneous puncture of the
renal pelvis, intrapel vic pressure and concentrating
capacity of the kidney in hydronephrosis. Acta
Med Scand (Suppl) 559: 1-26

Vaughan ED Jr., Sorenson EJ, Gillenwater JY 1970
The renal hemodynamic response to chronic uni-
|ateral complete ureteral occlusion. Invest Urol 8:
78-90

Backlund L, Nordgren L 1966 Pressure variations
in the upper urinary tract and kidney at total
ureteral occlusion. ActaSoc Med Ups 71: 285-301

Murphy GP, Scott WW 1966 The renal hemody-
namic responseto acuteand chronic ureteral occlu-
sions. 95: 636-657

Papadopoulou ZL, Sotkoff LM, Eisher GM 1969
Glomerular filtration during stop flow. Proc Soc
Exp Biol Med 130: 1206-1211

Gottschalk CW, Mylle M 1957 Micropuncture
study of pressures in proximal and dista tubules
and peritubular capillaries of the rat kidney during
osmotic diuresis. Am JPhysiol 189: 323-328

Dominguez R, Adams RB 1958 Rena function
during and after acute hydronephrosis in the dog.
Lab Invest 7: 292-327

(22

(23]

(24]

[29]

[26]

[27]

(28]

(29]

(30]

(31]

(32

(33]

(34]

(39]

(36]

(37]

Harris RH, Gill JM 1981 Charges in glomerular
filtration rate during complete ureteral obstruction
inrats. Kidney Int 19: 603-608

Moody T, Vaughan ED Jr, Gillenwater JY 1975
Rel ationship between renal blood flow and ureteral
pressure during 18 hours of total unilateral ure-
thera occlusion. Invest Urol 13: 246-251

Ichikawa |, Brenner BM 1979 Role of local in-
trarenal vasoconstriction —vasodilator interactions
in mild partial ureteral obstruction. Am J Physiol
236: F131-140

Solez K. Pouchak S, Buono RA 1976 Inner medul-
lary plasma flow in the kidney with ureteral ob-
struction. Am J Physiol 23: 1315-1321

Arendshorst WI, Finn WF, Gottschalk CN 1974
Nephron stop-flow pressure response to obstruc-
tionfor 24 hoursintherat kidney. J. Clin Invest 53:
1497-1500

Suki W, Eknoyan G, Rector FC Jr 1966 Patterns of
nephron perfusion in acute and chronic hydroneph-
rosis. JClin Invest 45: 122-131

Finkle AL, Karg SJ, Smith OR 1968 Parameters of
renal functional capacity in reversible hy-
droureteronephrosisin dogs: |1 Effects of one hour
of ureteral obstruction upon urinary volume osmo-
lality, TcH20, Cpah, RBFkr, and pUQ2. Invest Urol
6: 26-38

Wilson DR 1972 Micropuncture study of chronic
obstructive nephropathy before and after rel ease of
obstruction. Kidney Int 2: 119-130

Better OS Arieff Al, Massry SG 1973 Studies on
rena function after relief of complete unilateral
obstruction of three months durationin man. AmJ
Med 54: 234-240

Yarger WE, Aynedjian HS, Bank NO 1972 A mi-
cropuncture study of postobstructivediuresisinthe
rat. JClin Invest 51: 625-637

Segel NJ, Feldman RA, Lytton B 1977 Rena cor-
tical blood flow distribution in obstructive neph-
ropathy in rats. Circ Res 40: 379-384

Vaughan ED Jr, Gillenwater JY 1973 Diagnosis,
characterization and management of post obstruc-
tive diuresis. JUrol 109: 286-292

Wi Ison DR 1974 The influence of volume expan-
sion onrenal function after relief of chronic unilat-
eral obstruction. Kidney Int 5: 402-410

Bruce RG, Waid TH, Lucas BA 1997 Under-
standing postobstructive diuresis. Contemp Urol 9:
53-66

Whitaker RH 1973 Methods of assessing obstruc-
tionin dilated ureters. Br JUrol 45: 15-22

Whitaker RH, Buxton-Thomas MS 1984 A com-
parison of pressure-flow studies and renography in



(38]

(39

[40]

(41]

(42

(43

equivocal upper urinary tract obstruction. J Urol
131: 446-449

Senac MO Jr, Miller JH, Stanley P 1985 Evaluation
of obstructive uropathy in children; radionuclide
renography versus the Whitaker test. Am J Radiol
1: 11-15

English PJ, Testalt J, Goseling JA 1982 | diopathic
hydronephrosis in childhood — a comparison be-
tween diuresis renography and upper urinary tract
morphology. Br J Urol 54: 603-607

Wilson B, Reisman DD, Moyer CA 1951 Fluid
balance in the urological patient: disturbances in
the renal regulation of the excretion of water and
sodium salts following decompression of the uri-
nary bladder. J Urol 66: 805-815

Gillenwater JY 1996 Hydronephrosis. In: Gillen-
water JY, Grayhack JT, Howards SS, et a, (eds):
Adult and Pediatric Urology. 3rd ed. Moshy Year
Book, St. Louis, MO pp 973-998

Kauker ML, Zawada ET 1992 Post-obstruction
diuresis: influence of renal prostaglandins. Neph-
ron 60: 281-285

Howards SS 1973 Postobstructive diuresis: amis-
understood phenomenon. J Urol 110: 537-540

14

(44]

[45]

[46]

(47]

(48]

(49]

Waid - Urinary Tract Obstruction

McDougal WS, Wright FS1972 Defect in proximal
and distal sodium transport in post-obstructive di-
uresis. Kidney Int 2: 304-317

Gulmi FA, Marion D, Vaughan ED 1990 Therole
of atrial natriuretic peptide (ANP) in the recovery
of renal function after release of bilateral ureteral
obstruction (BUO). Kidney Int 37: 339-344

Bilder GE, Schofield TL, Blaine EH 1986 Release
of atrial naturetic factor. Effects of repetitive
stretch and temperature. Am J Physiol 251: F817-
F821

Clarke NW, Jones DA, Tames F et al 1991 Distur-
bance in sodium regulating hormones in chronic
obstructive uropathy. Br JUrol 68: 118-121

Matthiesen TB, Rittig S Norgaard JP et al 1996
Nocturnal polyuriaand natriuresisin male patients
with nocturia and lower urinary tract symptoms. J
Urol 156: 1292-1299

Gulmi FA, Matthews GJ, Marion D 1995 Volume
expansion enhances the recovery of renal function
and prolongsthediuresisand naturesisafter release
of bilateral ureteral obstruction: apossiblerolefor
atrial naturetic peptide. J Urol 153: 1276-1283

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - I-14 15

.14



Chapter | - Clinical Nephrology and Hypertension

16



