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ABSTRACT

There are a wide variety of imaging studies available for evaluation of a potentially obstructed patient.
Selection of a specific test over another depends on the acuity of obstruction and the patient’s age and ren
function. Consideration must also be made for cost of the test, reliability and feasibility of long term follow up
by repeated exams. In the non-acute setting where urinary tract obstruction is suspected either on the basis o
rising serum creatinine, history, or prior urinary tract abnormalities, an ultrasound may be used as the initial
screening procedure. If ultrasound fails to show any evidence of significant hydronephrosis or hydroureter it is
concluded that this patient does not have significant obstruction. Generally, no further studies relative to detect
ing urinary tract obstruction are performed.

If ultrasound demonstrates the presence of hydronephrosis or hydroureter further studies to determine
the point and cause of obstruction are performed, unless the ultrasound examination has clearly demonstrat
this, as in the case of an obstructing ureteral stone. In adults, an intravenous pyelography (IVP) is often perforr
to delineate the point and hopefully cause of an obstruction. If there is good renal function, the IVP will
generally be successful in answering these questions. There is not always one “best” way to utilize the multiple
studies available and it is often the results of a specific study that will determine if a further study is necessary
and which modality to use.

The approach to the patient with acute renal colic has changed over the past few years. Up until
recently, these patients were evaluated with either ultrasound or an IVP as the initial study. This is no longer th
case as we how use non-contrast spiral computed tomography (CT) as the screening examination for flank pa
and suspected ureteral stone. This is faster, more accurate and provides information regarding non-urologi
causes of pain.

In children, the approach is somewhat different. Ultrasound is used as the primary screening tool for
suspected obstruction. If hydronephrosis is demonstrated, a functional study such as a Lasix renogram is genera
performed to evaluate the function of the two kidneys and the severity of the suspected obstruction. Furthe
study would then depend on clinical consideration such as any need for surgical intervention.
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IMAGING IN OBSTRUCTION Lasix renogram, magnetic resonance (MR) urogram
and the Whitaker test. Selection of a specific test over
There are numerous studies available to theanother depends on the acuity of obstruction and the
urologist in the diagnosis and management ofpatient’s age and renal function. Pregnant patients and
obstruction. These include radiographic studies, suchthose with contrast allergy require special provisions.
as the plain film (kidney, ureter and bladder — KUB), Consideration must also be made for cost of the test,
intravenous pyelography (IVP) and retrograde reliability and feasibility of long term follow up by
urography, ultrasound, computed tomography (CT),repeated exams. We will explore each imaging
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modality listed and then discuss our approach to the
patient with suspected obstruction.

PLAIN FILM

Simple radiographic studies such as the KUB
have a role, although limited, in the evaluation of
obstruction. A single view plain film may be suffi-
cient to diagnose the presence of a ureteral stone.
is low cost with low radiation exposure and may be
done rapidly within the urology clinic. The plain film
is limited by its low sensitivity for detection of opaque
as well as non-opaque stones. Recent studies ha
shown a sensitivity of about 50% for stone visualiza-
tion with the abdominal film. Occasionally a sus-
pected ureteral calcification seen on plain film turns Figure 2 -IVP shows a delayed nephrogram with extravasation
out to be a vascular phlebolith when more SpecifiCOf contrast (ang arrow) and a stone with proximal edema
studies are performed (1). blocking the mid ureter (arrow).

The plain film also provides an easy way to tent the function of the kidney. Acute obstruction is
follow the progression of an obstructing stone, evenidentified by the presence of a delayed and often in-
if the diagnosis of stone disease has been made witbreased nephrogram (Figure-1). Hydronephrosis or
another imaging modality such as CT scan. hydroureter helps to confirm the diagnosis of obstruc-
Significantly, more stones can be seen on an abdomition, but are not always visible (1). The level and cause
nal film in retrospect following CT (2). Stones larger of the obstruction may be determined with the visual-
than 5 mm and with CT attenuation above 300H will ization of filling defects or stones (Figure-2) in the re-
likely be detected on abdominal radiography (3).  nal pelvis or ureter, changes in renal contour and course

of the ureters. In addition, bladder pathology may be
INTRAVENOUS PYELOGRAPHY revealed on IVP, such as filling defects, diverticula and
a significant post void residual. Obstructions, which

Intravenous pyelography (IVP) plays an im- are not obvious initially, may, at times, be revealed af-
portant role in the diagnosis of obstruction. It is the ter the administration of Lasix during the IVP. This
classic test which can assess anatomy and to some etechnique is generally reserved for suspected intermit-
tent ureteropelvic junction (UPJ) obstruction.

The IVP requires intravenous contrast and
therefore should not be performed in a patient with
decreased renal function. We accept creatinine val-
ues of 1.5 or lower for patients undergoing IVP in
our department. Nephrotoxicity of iodinated contrast
is most likely in patients with chronic renal insuffi-
ciency especially if diabetes is also present. Patients
with contrast allergy need to be premedicated prior
to an IVP and should have non-ionic contrast media.
The need for the IVP must be balanced against po-
tential risks. It may be wiser to perform alternate stud-
Figure 1 - IVP shows a delayed nephrogram and pyelogram on i€s in certain situations, such as a noncontrast CT scan,
the left caused by a stone in the mid ureter (arrow). ultrasound or magnetic resonance imaging (MRI). The
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availability of multiple other modalities not requir-
ing contrast has reduced dependence on the IVP. |VREE
may be time intensive, requiring delayed films in pa-
tients with high-grade obstruction and may not al- &t
ways have sufficient opacification to define the ana- ¥

tomy and point of obstruction. In addition, comple- [
tion of an IVP requires a significant amount of radia- 4%

tion exposure and may not be ideal for young chil- SE8
dren or pregnant women (1).

RETROGRADE UROGRAPHY

Retrograde urography, although largely re- Figure 3 - Renal ultrasound reveals dilation of the renal pelvis
placed by other imaging studies, can still be useful to2ndcalyces (arrows).
delineate the precise location and severity of an ob-cal picture. Hydronephrosis not due to obstruction can
struction when other studies fail to define the exactresult from prior obstruction, reflux, enlarged extra
point or cause of obstruction. In addition, this study renal pelvis, bladder over distension or a distensible
can usually be performed with greater safety in pa-collecting system in a well hydrated individual. Renal
tients who are not candidates for an IVP due to ansinus cysts may be mistaken for a dilated renal pelvis
allergy to contrast media or renal insufficiency. This on ultrasound, and a skilled ultrasonographer is needed
is not a first line study for patients with obstruction to make this differentiation.
due to the necessity of anesthesia, either general or Ultrasound is very accurate in the identifica-
epidural blockade. However, we often perform retro- tion of renal stones that may or may not be visible on
grades in the operating room just prior to pyeloplastyplain radiograph, due to either stone composition or
or ureteral stent placement to exactly delineate thesize. However, detection of ureteral stones by ultra-
point of obstruction and to rule out the presence of asound is much more difficult. These stones often go

second obstruction. undetected by ultrasound unless they are near the ure-
teral tunnel (Figure-5). The technical difficulties in
ULTRASOUND detecting stones, operator dependence and relatively

low sensitivity for ureteral stone detection with ul-

Ultrasound is used extensively to detect hy-
dronephrosis, the primary finding with an obstructed %
system. It is inexpensive, noninvasive and portable. #
Ultrasound is an ideal first line technique to §
evaluate patients for renal obstruction. It is highly
sensitive in detecting dilated systems (Figure-3) and
the absence of hydronephrosis is generally a reliablg
sign that obstruction is not present. An exception isj

acute obstructing stone. Resistive index has been ad
vocated to detect these cases of early obstruction (4
and is occasionally used in our clinic but has not#
proven to be reliable (Figure-4) (5,6). o o
Because not all dilated systems represent func_glggre 4- Do_ppler ultrasound shOV\_/s a normal resistive mdex of
. . . .. 0.67 (arrow) in the face of obstruction and hydronephrosis (long
tional obstruction, ultrasound is therefore not specific. arrow), demonstrating the unreliable nature of the resistive index

The imaging findings must be correlated with the clini- for diagnosis of obstruction.
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Figure 5 - Bladder ultras | 0 _ -
(thick arrow) with a stone (arrow) and shadowing distal to the in the distal left ureter, just proximal to the ureteral tunnel.

stone (long arrow). trasound is that ultrasound is extremely operator-de-

trasound have led to widespread shift to non-contraspendent. It is ideally performed by personnel experi-

spiral CT to evaluate renal colic and suspected acutelgnced in uro-ultrasonography.

obstructing stones. The ultrasonographer may also use color
Prenatal ultrasound is performed routinely Doppler to evaluate the presence of ureteral jets. The

and may pick up evidence of hydronephrosis in theperiodic “jet” of urine effluxing from the ureteral ori-

developing fetus. In patients diagnosed with prenatalfice effectively rules out complete obstruction of the

hydronephrosis, ultrasound should be repeated withirrenal system (1,8).

several weeks of birth to evaluate for persistent hy-

dronephrosis (7). COMPUTED TOMOGRAPHY
Because ultrasound is readily available
within our clinic, we use it to monitor patients with Computed Tomography (CT) scans can be

known obstruction. A caveat to heavy reliance on ul- performed with or without intravenous contrast. Spi-

Figure 7 - A)- Non-contrast helical CT scan reveals hydronephrosis (long arrow) and perinephric stranding (thick arrows) caused by
B)- A moderate sized stone (long arrow) in the distal ureter.
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ral CT scans use 5 mm slices from the level of thenephric fat, have a high positive and negative predic-
kidneys down to the bladder specifically to look for tive value for the presence or absence of a ureteral stone
stone disease. It has been shown that the “stone-protd¢Figure-7) (1,11). Perinephric edema has been showed
col” CT scan is more effective in precisely identifying to be predictive of the degree of obstruction (12). How-
ureteral stones than the long time gold standard, thever, it should be noted that non-contrasted CT scans
IVP (9,10). CT is ideally suited to detecting obstruct- could miss other causes of flank pain and hematuria,
ing stones and is very effective in distinguishing the such as a solid renal mass. It has been suggested that
stone from other causes of obstruction such as clot opatients with the diagnosis of a suspected ureteral stone
tumor (1). Spiral CT scans may pick up stones thatthat is not seen on CT be followed by a contrasted CT
cannot be seen on plain film (KUB) due to stone com-to rule out other diagnoses (13). Potential causes of
position, size or artifacts such as bowel gas. It is alscextrinsic obstruction such as malignancy or aneurysm
useful to differentiate between calcifications within the may also be identified on CT scan (1), (Figure-8).
vascular system versus the urinary system. During a dynamic enhanced CT scan, a sign of ob-
CT diagnosis of a ureteral stone relies on bothstruction is a delay in the nephrogram with persistence
primary and secondary findings. The primary finding of corticomedullar differentiation as compared to the
is unequivocal demonstration of a stone within the ure-opposite kidney (Figure-8). Although CT picks up most
ter (Figure-6). Secondary findings, which include hy- stones, including those that are classically opaque on
dronephrosis, hydroureter or stranding of the peri-plain film, it may miss obstruction caused by non-

Figure 8 - A)- Retrograde urogram showing a ureteral stricture (black arrow) and proximal hydroureter; B)- Enhanced CT scan shows
delayed corticomeduallary separation (white arrows) and hydronephrosis (star) on the left; C)- A nodal mass (long arromdssurrou
the ureter at the level of the stricture.
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opaque indinavir crystals. In patients with HIV on the tion. It iscrucial in the identification of an obstructed
protease inhibitor, indinavir, presenting with acute flank hydronephrotic kidney versus a non-obstructed hy-
pain, the absence of a stone on helical CT should belronephrotic kidney. Previously, it was assumed that
followed with a contrasted CT scan (14). any dilatation of an upper urinary system equaled
We occasionally use contrasted CT scans fol-obstruction. We now know that a hydronephrotic kid-
lowing a spiral (non-contrasted) scan to help defineney may simply represent a dysmorphic or atonic
the course of a ureter if we are unsure if a calcificationcollecting system, which has no functional signifi-
resides within a ureter or a vessel. Contrasted CT scansance and will not cause renal damage over time.
will further assess function of a renal unit and more Therefore, all children with suspected UPJ obstruc-
accurately detail the degree of hydroureteronephrosistion at our institution undergo diuretic renal scan to
determine the functional significance of hydroneph-
LASIX RENOGRAM rosis. A radionuclide is administered and then the
scintillation camera obtains individual counts from
The Lasix renogram is very useful in the di- each kidney, which are then expressed as a percent
agnosis and follow up of children with UPJ obstruc- of the total. We use 99mTc-MAG3, which collects

Figure 9 - A)- Renal ultrasound shows dilated pelvis and calyces in a patient with congenital left UPJ obstruction; B)- Lasix renal scan
shows delayed washout of left kidney (black arrow) compared to the normal right kidney (white arrow); C)- Washout cumves confir
delayed emptying of the left system (black arrow) with an elevatexf 57 minutes compared to the normal right system (white arrow)
with a normal T2 of 6 minutes.
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in the collecting system due to tubular secretion ande)- Diuretic given at 1mg/kg when the abnormal col-
has good uptake in patients with renal insufficiency lecting system is full.
(1). Diuretics are used as a part of the renogram in Finally, the diuretic renogram identifies the
order to separate non-obstructive hydronephrosigoresence of obstruction but not the cause of obstruc-
from obstructive hydronephrosis. A diuretic is given tion. There is very little anatomic detail provided with
after the radionuclide has accumulated in the col-the Lasix renogram (1,18).
lecting system. Then the “washout time” of the ra-
dionuclide is determined. In the absence of obstruc-MAGNETIC RESONANCE UROGRAM
tion, the diuretic will fill the collecting system with
urine not containing the radionuclide and the urine Magnetic resonance imaging provides more
that contains radionuclide will be washed out of the detailed anatomy than nuclear renograms without the
system. However, in the presence of obstruction, theradiation exposure or the use of potentially nephro-
radionuclide is not washed out as quickly. The T%2toxic contrast media, which is necessary for IVP. We
is a value measured as the time it takes for 50% obccasionally employ the MR urogram (MRU) with
the tracer to leave the collecting system. This clear-gadolinium to replace the IVP in a patient with renal
ance half-time is based on the slope of the washouinsufficiency or contrast allergy or in a patient popula-
curve. A T% of less than 15 minutes is normal. In tion that requires reduced radiation exposure (i.e., preg-
general, a T% of greater than 20 minutes representaant women). The MR urogram delineates the pres-
obstruction. (Figure-9) (15). In addition to the T2, ence and degree of hydronephrosis and may pick up
the Lasix renal scan will also allow estimation of filling defects within the collecting system (Figure-10).
the split renal function. Split function allows the In a patient with poor renal function, MRU may pro-
clinician to closely monitor renal function in patients vide more detailed anatomy than IVP. MR urography
managed conservatively and in postoperative stud-as not become popular at most institutions due to sev-
ies (15). eral shortcomings. Although there is good resolution
Although the Lasix renogram can supply very of the renal parenchyma and the collecting system, the
useful information, urologists should keep in mind anatomy of the calices is not seen with optimal detail,
that there are several factors which can make the reas in an IVP. This may miss a diagnosis of papillary
sults unreliable. First of all, poor renal function may necrosis. The diagnosis of a small ureteral stone may
cause an inability to respond to the diuretic, resultingalso be missed on MRU (19). Patients who are severely
in a false delay in washout time. Poor hydration mayclaustrophobic or require close hemodynamic moni-
also limit the response to diuretic (15). Secondly, there
is no standard protocol for the administration or the
interpretation of the Lasix renogram. Care should be|
taken when comparing studies performed in two dif-
ferent institutions (16). It is crucial that a standard i 3
protocol be developed and maintained at all times dilated ureter
within a single center to facilitate comparison of scansg . :
over time. At the University of Virginia, we follow tumor
the protocol outlined by Conway (17) in an effort to
standardize the protocol of performing a Lasix reno-
gram. His guidelines include:
a)- Oral hydration;
b)- Bladder catheterization in any patient who can-

not void on request; Figure 10 - Magnetic resonance urogram of patient with
c)- Patient at least 1 month old; transitional cell carcinoma in distal ureter. Decreased renal

d)- Use of a standard radionuclide-99mTc-MAG3; function precluded use of iodinating contrast media.
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toring or who are unable to cooperate may be inapprobands. Other causes of chronic UPJ obstruction include
priate for MR. Patients with cardiac pacemakers, co-congenital stricture, kinks or valves within the ureter

chlear implants, brain aneurysm clips or prosthetic heartaused by infoldings of the mucosa, angulation of the
valves are not candidates for MR. Finally, MR is lim- ureteral insertion on the pelvis and aberrant vessels

ited due to cost and availability (20,21). entering directly into the lower pole of the kidney caus-
ing external compression of the ureter (22,25).
WHITAKER TEST Acquired causes of chronic UPJ obstruction

include vesicoureteral reflux which causes upper tract

The Whitaker test, a ureteral pressure-flow dilation and tortuosity of the ureter, benign
study, provides a precise but invasive measure of thdibroepithelial polyps, transitional cell carcinoma, post
presence or absence of obstruction in the face of hyeperative or post inflammatory scarring and stones (22).
dronephrosis. It allows direct measurement of ure- UPJ obstruction is suspected in neonates and
teral resistance by recording the pressure gradieninfants presenting with a palpable flank mass or hy-
across the suspected area of obstruction. Results delronephrosis on prenatal ultrasound. Older children
lineate the functional significance of the obstruction. and adults may present with flank or abdominal pain
Performance of the Whitaker test requires placementhat may be intermittent in nature. Alternatively, they
of a catheter in the bladder as well as an antegradenay present with urinary tract infections or micro-
pyelogram needle in the kidney. Contrast is deliveredscopic hematuria. The diagnosis is confirmed with
at a constant rate through the needle in the kidneyultrasound (Figure-9).
simulating diuresis, and pressures in the kidney and In chronic UPJ obstruction, there may be sig-
the bladder are measured. Inaccuracy may be encoumificant loss of renal function before the diagnosis is
tered in the face of variable renal anatomy or compli-made. Studies should be performed to consider the
ance. Furthermore, the Whitaker test assumes that themount of renal function still present and how much
obstruction is constant over time, which may produceis salvageable. Lasix renogram studies with split func-
false negative results (22). tion analysis are crucial for adding this information.

The presence of hydronephrosis does not, inBefore operative intervention such as pyeloplasty is
and of itself, imply obstruction. Other causes of hy- performed, retrograde urograms may be obtained to
dronephrosis may include: high output by the renaldelineate the exact site of obstruction and to rule out
unit, permanent dilation from an old obstruction that a second, distal obstruction. This is often done on the
has since resolved, vesicoureteral reflux, calycealsame day as the planned repair in order to avoid the
dilation of congenital megacalycosis or papillary ne- use of two general anesthetics.
crosis, or an extra renal pelvis (23). It is important to
document the presence of functional obstruction be-APPROACH TO THE POTENTIALLY

fore any intervention is planned. OBSTRUCTED PATIENT
URETEROPELVIC JUNCTION There are a wide variety of imaging studies
OBSTRUCTION available for evaluation of a potentially obstructed

patient. Our approach to this patient is determined by
Ureteropelvic junction obstructions may be the clinical setting. In the non-acute setting where
classified as either chronic or acute. The majority areurinary tract obstruction is suspected either on the
chronic and congenital in origin although they may not basis of a rising serum creatinine, history, or prior
become clinically apparent until childhood or even urinary tract abnormalities we will use ultrasound as
adulthood (24). Frequently, pathology of the obstructedthe initial screening procedure. If ultrasound fails to
segment reveals an aperistaltic ureteral segment ishow any evidence of significant hydronephrosis or
which the normal spiral musculature has been replacedhydroureter it is concluded that this patient does not
by abnormal fibrous tissue and longitudinal muscle have significant obstruction. Generally, no further
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studies relative to detecting urinary tract obstructionapproximately 70% of stones detected on CT scan-
are performed. ning will be demonstrable on an abdominal film even
If ultrasound demonstrates the presence ofin retrospect. If the obstructing stone cannot be iden-
hydronephrosis or hydroureter further studies to de-tified on an abdominal film and follow-up imaging is
termine the point and cause of obstruction arenecessary because of the patient’s clinical course then
performed, unless the ultrasound examination hasither a follow-up non-contrast spiral CT or in some
clearly demonstrated this, as in the case of ancases an IVP can be obtained to assess the persis-
obstructing ureteral stone. In adults, we will often tence and degree of obstruction as well as the posi-
perform an IVP to delineate the point and hopefully tion of the stone.
cause of an obstruction. If there is good renal function, If the non-contrast spiral CT shows no evi-
the IVP will generally be successful in answering dence of a ureteral stone but does show hydroneph-
these questions. If there is reduced renal function dueosis or hydroureter, correlation is made with clinical
to a long-standing obstruction, or for other reasons findings to determine if this may represent passage
the IVP may not provide sufficient visualization of of a stone prior to the CT scan. If this is the case,
the collecting structures to define the etiology of the clinical follow-up will determine further imaging.
obstruction. In these instances retrograde pyelogranODtherwise, IVP will be performed to evaluate for other
is performed which, if technically successful, will causes of obstruction.
usually define the point of obstruction. If the etiology In children, our approach is somewhat differ-
is intrinsic to the urinary tract further studies are ent. Ultrasound is used as the primary screening tool
generally not necessary. If, however, the studiesfor suspected obstruction. If hydronephrosis is dem-
demonstrate what appears to be an extrinsic cause afnstrated, a functional study such as a Lasix renogram
the obstruction, computed tomography, with contrastis generally performed to evaluate the function of the
if possible, is performed to look for evidence of masstwo kidneys and the severity of the suspected obstruc-
lesions (Figure-8C) or fibrotic change. There is not tion. Further study would then depend on clinical con-
always one “best” way to utilize the multiple studies sideration such as any need for surgical intervention.
available and it is often the results of a specific study In summary, multiple techniques exist for the
that will determine if a further study is necessary andevaluation of renal obstruction. Each patient must be
which modality to use. Although not used often at evaluated on an individual basis with consideration
our institution, MRI urography can demonstrate both of the acuity of obstruction and the special needs of
intrinsic and extrinsic abnormalities related to the the patient. Certain centers may not have access to
urinary tract and is particularly helpful in those helical CT scanners, nuclear medicine capabilities or
patients in whom contrast cannot be used. a MRI. Techniques must be reliable and accessible to
Our approach to the patient with acute renal allow the clinician to follow the disease over time.
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