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Patients with renal colic are evaluated with clinical, laboratory,
and imaging methods for stratification for emergency decompres-
sion, medical treatment, or discharge and follow up. The current
standard practice is heavily based on unenhanced helical CT for
detecting uroliths. However, the presence of a urolith does not
necessarily mean that the kidney is obstructed and requires
emergency decompression. In this study, technetium-mercapto-
acetyltriglycine (MAG3;) diuretic scintirenography was used to
detect obstruction in patients with renal colic. The contribution of
this test to patient management after positive findings from
helical CT was also studied. Methods: Diagnostic criteria were
established on the basis of previous experience with 60 patients
who had renal colic and had undergone radiography of the
kidneys, ureters, and urinary bladder (KUB) and diuretic Tc-
MAG; scintirenography and were followed up to correlate scinti-
graphic findings with clinical outcome. Subsequently, 80 patients
with renal colic underwent scintigraphy within 12 h of presenta-
tion in the emergency room, after abdominal helical CT showed
findings positive for calculus and suggestive of obstruction. After
therapeutic oral or intravenous hydration and analgesics, diuretic
dynamic renal scintigraphy (flow, function, delayed imaging) was
performed after intravenous injections of 10 mCi (370 MBQ)
9mTe-MAG; and 40 mg furosemide (at zero time, or Fy). Results
were available soon after completion of the study and were
considered in patient management. Four characteristic patterns
of scintirenography, essential in patient stratification and treat-
ment, had been standardized and were used for interpretation of
the studies: the unobstructed kidney; the partially obstructed
kidney, proximally or distally obstructed, with mild to severe
obstruction and impairment of function; the totally obstructed
kidney, with arrested renal function; and the unobstructed but
dysfunctioning kidney after decompression, or stunned kidney.
Results: Among the 80 patients with positive helical CT findings,
56.5% were found to have obstruction by scintigraphy (32.5%
partially, 24% completely); the remaining 43.5% did not have
obstruction (21% without an indication of recent obstruction and
22.5% with stunned kidneys after spontaneous decompression).
Occasionally, findings of preexistent urine extravasation or infec-
tion were present. Patients who, by scintigraphy, never had
obstruction or had experienced spontaneous decompression did
not require admission or emergency intervention; those with
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complete or severe obstruction required admission and decom-
pression for relief of pain or restoration of function, whereas
those with mild obstruction were treated variably with forced
fluids, analgesics, or, less frequently, elective surgery. Outcome
information from clinical examination, imaging, and interventional
findings indicated that this stratification was successful. The test
caused no side effects. Conclusion: For renal colic, clinical
selection, KUB radiography, and even positive helical CT findings
were all found to have a low positive predictive value for
obstruction (in this study, 35%, 32%, and 56% respectively).
Anatomic studies, including helical CT, should be followed by
diuretic MAG3-F, scintirenography to diagnose and quantify or
exclude obstruction, detect spontaneous decompression, and
appropriately stratify patients for emergency intervention, obser-
vation and medical therapy, or further work-up and discharge with
referral to the clinic.
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Rtients presenting in the emergency room with a clinical
and laboratory picture suggestive of renal colic (acute flank
pain radiating toward the genitals and hematuria) need
diagnostic proof of a urolith and confirmation that, by
obstructing the drainage system, it is indeed causing the
pain. If conservative treatment, such as analgesics and
forced diuresis, is not effective and significant obstruction
persists, hospital admission and emergency intervention
under general anesthesia are required to prevent renal
damage by decompressing the kidney or removing the stone.
For small stones causing a mild obstruction, vigorous
hydration usually results in palliation of pain and spontane-
ous passage of the stone; otherwise, elective decompression
may be needed. When the kidney is not obstructed or
spontaneously decompresses, the patient is referred to the
clinic (1). However, not infrequently, acute flank pain may
not be caused by ureteral obstruction, even in the presence of
a calculus 1). In addition, pain may stop with or without
relief of the obstruction, or, while some symptoms persist,
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obstruction may resolve spontaneously after passagerate of 40%—-60%, and up to 70% of the dose is excreted in
change of position of the calculus. the urine within 30 min of injection in the normal state.

In patients whose clinical presentation suggests renalAt our nuclear medicine laboratory, MAGMaging with
colic, radiographic methods, sonography, and, more reimultaneous injection of furosemide (MAG,) (8) has
cently, unenhanced helical CT have been used to detbeen used selectively in patients with renal colic to seek
uroliths or related findings2(3). Traditionally, abdominal evidence of obstruction and its effect on renal function.
radiography of the kidneys, ureters, and urinary bladd&ncouraging preliminary results prompted the clinical use of
(KUB) followed by intravenous urography (IVU), per-MAG3-F, imaging for stratification of 2 groups of patients
formed on an emergency basis without patient preparatianith renal colic, the first before and the second after the
has provided anatomic and functional information on thietroduction of helical CT.
presence of a calculus and obstructi@h However, radio-  The purpose of this article is to present the diagnostic
graphic contrast studies are contraindicated in some patiepaétterns observed with diuretic MAG&, imaging in pa-
because of renal insufficiency or hypersensitivity, and dients with a clinical diagnosis of renal colic, to correlate the
many occasions, IVU may not be diagnostic of a calculus patterns with clinical outcome and helical CT findings, and
an obstruction. In those cases, renal scintigraphy may teedescribe the contribution of scintigraphy in stratification
used to obtain reliable functional informatioh,4). Helical for emergency intervention, observation, or discharge.

CT has reportedly been more sensitive than KUB and IVU in

detecting uroliths and obstructio®)( Findings such as a

calculus at the site of symptoms and hydronephrosM:A‘-'—ER'A'-S AND METHODS

hydroureter, perinephric fat stranding, relative renal enlarge-Before the introduction of helical CT, a total of 60 patients (38
ment, or a perinephric fluid collection cause helical CT to bgales, 22 females; age range, 30-73 y; median-agD, 45=
positive for renal obstructiors]. However, as for KUB and & ¥) with acute pain clinically considered to be renal colic
IVU, helical CT findings of a stone or related abnormalitiednderwent diuretic MAG-F, imaging so that obstruction could be
may not necessarily indicate the existence of obstruction §pg"n0osed or excluded) The studies were performed within 1-8

its severity. The positive predictive value of positive helicaq of the patients’ presentation in the emergency room or clinic. All
everty. P > Pre . P patients underwent KUB radiography, and in 31 the findings
CT findings for obstruction is not certain.

. . o Lo suggested urolithiasis. Many patients had specific contraindications
Diuretic renal scintigraphy, although indicated for th, contrast injection, such as a history of allergy to iodine contrast

study of congenital or chronic renal obstruction, has n@aterial or elevated levels of serum creatinire2(mg/dL) @). In
been used systematically for the evaluation of patients withis group of patients, 4 patterns of scintigraphic results were
colic (5). Reported studies have compared scintigraphy wiittentified (Table 1). Outcome data were compiled from 1 moto 1y
IVU favorably (6,7). However, most of the studies wereafter the acute episode and focused on the clinical history at the
performed with?*"Tc-diethylenetriaminepentaacetic acid, #me of the colic, other imaging findings, decompression findings,
In addition, the literature does not describe the scintigraptitPUP Oglpat'ems' thel ?ﬁg_” was to Ve”f,%’, tgebpatte,ms OLSC'”t'g_ra'
signs of a decompressed kidney after the passage or QY (Ta_ €2). Normal findings were verified by patient observation

. . only, with pursuit of the cause of pain and long-term follow-up.
lodgment of a stone. The renal imaging ag&#tc-mer-

. . o . Abnormal studies of the stunned pattern after decompression were
captoacetyltriglycine (MAG) (Mertiatide, Mallinckrodt, Inc., verified by the presence of passed stones in the urine or dislodged

St. Louis, MO) is considered optimal for revealing obstrucsignes in the ureters or bladder and by follow-up scintirenography
tions (6) because of both the physical propertie$®Tc and  for some patients. Diagnoses of obstruction were verified during
the tubular excretion biologic properties of the carrightervention for removal of calculi and, sometimes, through
molecule. For Mertiatide, the kidney exhibits an extractiofollow-up studies indicating a return to norma) (

TABLE 1
MAG;-Fq Patterns in Renal Colic
Parenchymal function Drainage system
Diagnostic pattern Blood flow Accumulation Discharge Visible Intensity Drained Stasis Renogram

No obstruction Normal* Normal* Normal* Yes Normal  Yes No Normal*
Partial obstruction Decreased (moderate) Reduced (moderate) Delayed Yes High Partialt Yes P/DIR
Complete obstruction Decreased (severe) Reduced (severe) Rising No None No No R
Stunned kidney Decreased (variable) Reduced (variable) Delayed Yest Low Yes No R/P/D

*If function of kidney was normal, results were normal. Otherwise, results were reduced or delayed.

TIf partial obstruction was very severe, drainage was seen late (1-2 h).

fIn stunned kidney, drainage system may be faint and need enhancement.

P = plateauing graph; D = late peaking and declining renogram; R = continuous rising renogram up to 22 min.
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TABLE 2 into 2-min images for review of the function-drainage phase. The

Results of MAG»-Fy and Outcome in 60 Patients with Clinical computer program incorporated the flow data into the first function-
Diagnosis of Renal Colic and KUB drainage image, which was thus descriptive of the 2-min parenchy-

mal phase (before visualization of the drainage system in normal
Nointer- Spontaneous Intervention/  kidneys). The 2 frames at 1-2 min (30 s each) were grouped and

Scintirenographic vention  resolutionof  decom- used to calculate the split renal function. Renograms were gener-
findings needed  obstruction pression ated for the cortex and the entire kidney, including the pelvis, using
No obstruction the original data (30-s frames). Semiquantitative analysis included
Positive KUB the peak time, the time to one half of peak activity QI and the
findings 16* 1 5t residual activity at 20 min (percentage of counts at 20 min/counts at
Negative KUB peak).
findings 5% 15 0 The scintigraphic data were reviewed by 2 experienced nuclear
Partial obstruction§ 11 5 6l medicine physicians working together. They were told that the

Complete obstruc- . . . o
tion§ 109 1 B patient had renal colic and a helical CT scan positive for stones, and

Stunned Kidney§** 8 8+t 0 they were told the side of the abnt_)rmality. The groupec_i images
Total 60 26 14 19 were initially evaluated visually using a computer monitor and

display software that allowed reduction of background or enhance-

_ ment of low counts by adjustment of the intensity scale. Subse-
*Discharged and evaluated as outpatients. quently, the renograms were reviewed for their shape, and semiquan-

TElective decompr(_ession to remove Staghprn calf:uli. titative data were then considered.
(infit{tﬂigl:m ior‘:ju‘:}t/’s;r;ncé'g;'og‘?gdg:}:L?;Z%t'e\ﬁ diagnosis was reached Criteria for the final scintigraphic diagnosis were based on
y ! ! absolute kidney visualization, visualization relative to the contralat-

8Five in each category were positive for stones on KUB. . . - . )
|Elective decompression for large stones. eral kidney, time-related changes in the intensity of renal flow (3-s

One patient left against medical advice. images), parenchymal activity (2-min images and split renal
#Emergency decompression. function), the drainage system, and renography findings (Table 1).
**Patients either found stones in urine or follow-up studies over 6  The final scintigraphic diagnosis was also based on the 4 distinct
days showed gradual resolution of cortical dysfunction. diagnostic patterns (Table 1): no obstruction; partial obstruction;
ttDecompression occurred before scintigraphy. total obstruction; and dysfunction after decompression, or the

Clinical diagnosis of renal colic had positive predictive value of  stynned pattern, the last indicating recent passage of a calculus or a
35%. KUB had sensitivity of 48%, specificity of 46%, negative  gisjodged calculus. These 4 diagnostic patterns with MAGd
predictive value of 48%, and positive predictive value of 32%. simultaneous injection of furosemide showed differences in 1 or

more of the flow, parenchymal, and drainage system criteria.

After the introduction of helical CT, 80 patients (51 males, 28j0-Obstruction Pattern

females; age range, 12—73 y; median age, 44.5 y) with acute flank, kidneys with good function, the no-obstruction pattern (Fig.
pain and screening helical CT findings suggestive of renal stoRgjs characterized by normal flow and function (visually or by split
obstruction (based on the criteria already descrigdunderwent rang| function) in proportion to the size of the renal parenchyma.
MAGs-Foimaging 1.5-12 h after helical CT. Referral for scintigrarjling and emptying of the cortex are timely. Visualization of the
phy occurred when emergency room physicians consulted with thelvis and ureters is faint and not persistent; they may become
urology team and decided that information about the presence QB%porarily visible with activity (4—10 min) but later empty (10-20
severity of obstruction was needed. Selection of patients for ﬂ?ﬁn). Renograms are sharp and exponential, peaking at 3 min and
test was random and based on the previous experience of HPSpping rapidly (T, < 15 min from injection), and residual
emergency room or urology team. The results were used fQétivity is less than 20% of peak activitg)(
decision making and influenced patient c&l®)( When overall function is reduced, as in cases of renal insuffi-
Scintirenography was performed using a gamma camera withi@gncy, flow and function are delayed and reduced, the cortex fills
large field of view and a low-energy high-efficiency collimator, ingnq empties more slowly, and the renograms may be flat. The
upright (if possible) or supine posterior projection. The patien{§rarenal drainage system is visible, larger, and, at times, more
were already hydrated and medicated with analgesics, as part of@fnounced than in normal kidneys, but no retention or stasis is
effort to promote passage of a stof¥Tc-MAGs, in a dose of 10 present (Fig. 2A, left kidney) and the 2 kidneys appear similar. In
mCi (370 MBq), was injected intravenously and followed immedigases of renal insufficiency and failure, especially in patients with a
ately (at zero time, or § by 40 mg intravenous furosemide (Lasix;preexistent dilated collecting system or with a single functioning
Aventis Pharmaceuticals Inc., Parsippany, NJ). If the creatiniR@ney, urine activity seen in the collecting system late because of
level was greater than 2 mg/dL, 80 mg were administered. Thgminished cortical function is sometimes difficult to differentiate
furosemide was given to promote diuresis and empty the undsm that caused by low-grade obstruction. The best criterion for
structed drainage system even when cortical dysfunction Wa§struction is persistent activity in the intrarenal drainage system

present. The study was recorded as a dynamic 1-min flow {{at js substantially more intense than the activity in the renal
frame/sec) and a 22-min function-drainage phase (1 frame/sop%)renchyma.

and was concluded with a 2-min static image after the patient

voided or stood up. If the cortex or the collecting system was nb@artial-Obstruction Pattern

empty at 25 min or was not adequately visualized during this study, This pattern (Fig. 2) is characterized by a mild to moderate

a delayed (1- to 2-h) 2-min static image was also acquiBied ( ipsilateral relative decrease in flow and function, with consider-
Data were grouped into 3-s images for review of the flow anation given to the size of the kidneys. Filling of the cortex is slow,
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FIGURE 1. No obstruction, selected im-
ages, posterior views. Numbers indicate

minutes after injection when 2-min images » W B i
were obtained and also time points on
renogram. E = intensity-enhanced image; 2 2 10 20

FL = first-pass flow (3-s image).

and then the cortex (parenchyma) is persistently active. Filling obstruction (ureteropelvic junction) (Fig. 2A), stasis is observed
the drainage system is delayed and slow, and the drainage systethin the pelvis alone. In more distal obstruction (along the ureter,
empties partially and shows a persistent prominence substantialgually at the ureterovesical junction) (Fig. 2B), stasis is observed
more intense than the parenchymal activity (stasis). In proximial a portion of the ureter in addition to within the pelvis. This

-

EE 2 6 10

FIGURE 2. (A) Partial obstruction, proxi-
mal (ureteropelvic junction), moderate. Hy-
dronephrosis (2 min), late filling, and then
retention (stasis) are seen within pelvis of
right kidney (6—22). Ureter is seen intermit-
tently without stasis. Cortical retention is
mild. Left kidney is small and hypofunction-
ing (atrophic) but drains normally despite
some activity that is more prominent than
usual activity in pelvis. Because of size
discrepancy, abnormalities in relative flow
and function of kidneys cannot easily be
seen. (B) Partial obstruction, distal (uretero-
vesical junction), severe. Decreased flow
and function of right kidney and cortical
retention of activity are evident. Delayed (20
min) and persistent high-intensity activity
(stasis) is seen in pelvis and ureter. E =
intensity-enhanced image; FL = first-pass
flow (3-s image).
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FIGURE 3. Acute, total obstruction. Se-
vere impairment of flow and function in right
e kidney, persistent cortical nephrogram, no
visualization of drainage system even after
enhancement (22E), and rising renogram
are seen. Nonvisualization of right ureter
even after enhancement (22E) is critical in

- —_— differentiating total obstruction from stunned
22 22 E 2 10 20 kidney (Fig. 4). E = intensity-enhanced

image; FL = first-pass flow (3-s image).

retention of activity continues until the point of obstruction, distatollecting system is not visualized. Delayed images serve to
to which the drainage is normal, that is, not persistent but faint acdnfirm the nonvisualization of the drainage system. Because very
intermittent visualization. Renograms are slow to peal (nin) late images are not acquired, such a pattern is considered diagnostic
and to fall (T, > 15 min), and the residual activity is increased. Irof either total or nearly total obstruction.

partial obstruction, the renal parenchyma shows slow filling a . .

emptying and cortical renograms show retention. To determine iﬁgsfunctlon After Decompression,

level of obstruction accurately, delayed images obtained at 1-2 hogrStunned-K|dney Pattern

later are often necessary. This pattern (_Fig. 4) has been recognized a_t our cesye_nt(is
caused by cortical or parenchymal dysfunction remaining after
Total-Obstruction Pattern passage or dislodgment of a stone (stunned kidney). The pattern is
The pattern of total or complete obstruction (Fig. 3) is charactecharacterized by a variable ipsilateral decrease in renal flow and
ized by a severe ipsilateral decrease in renal blood flow afuhction, relatively severe retention of cortical (parenchymal)
function, continuous slow accretion and retention of activity by thactivity (persistent cortical nephrogram), and, normal drainage
renal parenchyma (persistent and intensifying cortical nephr@without retention) of usually faintly radioactive (dilute) urine.
gram), and no visualization of the intra- or extrarenal drainag&uch urine activity in the pelvis is not always visible because of the
system, even after computer enhancement. In patients with pyelbigthly active parenchyma; however, the ureter is visualized, and
tasis from previous episodes or with long-standing completkis is the main feature distinguishing this pattern from complete
obstruction, a central photopenic area associated with thinnelstruction (Fig. 4). The ureter is often only faintly visible,
parenchyma may be present. Renograms rise continuously wiieguently intermittently, and computer enhancement of the images
the obstruction is acute. They become flat and the kidney underg@esequired for visualization. The shape of the renogram varies but
atrophy in the chronic state. The level of obstruction cannot leflects only cortical or parenchymal abnormality. Immediately
determined on the basis of scintigraphic findings, because tafer the passage of a stone, flow and function are markedly

FIGURE 4. Dysfunctioning kidney after
decompression, or stunned kidney, is seen
on left, a few hours after passage of calcu-
lus. Flow and function are decreased (2
min). Cortical nephrogram is persistent, and
drainage system is visualized (10 min) and
empties normally (without retention, 30 min).
Ureter is visible after enhancement. Reno-
gram is plateauing. In more recent decom-
pression (after minutes), flow and function
may be more severely reduced and reno-
gram may even be rising, but still, ureter is
visible after enhancement, thus separating
stunned kidney from total obstruction (Fig.
3). E = intensity-enhanced image; FL =
first-pass flow (3-s image).

MAG z-Fy AFTER HELICAL CT IN RENAL CoLic < Sfakianakis et al. 1817



FIGURE 5. Recovery of stunned kidney
in same patient as in Figure 4. First row
shows recent decompression (few hours).
Second row was obtained at 48 h. Third row
was obtained at 6 d. Left cortex retains
activity (30 min), drainage system appears
normal, and gradual return to normal is
seen with recovery of flow and function (2
min) and normalization of renogram. E =
intensity-enhanced image; FL = first-pass
flow (3-s image).

reduced and the renogram may even rise; however, over time (dagwverely obstructed, the images did not always reveal the
sometimes), normal kidney function returns (Fig. 5). Delayefével of distal obstruction. Review of the results of helical
images help confirm the faint visualization of the ureter. CT helped clarify questionable cases. The results of other

The results of the masked reading were compared with thgaging modalities and the findings during interventions

original interpretation at the time of imaging. They were alsg d follow-up supported the diaanosis. Some patients with
correlated with the helical CT findings for stone size, location, anop P supp g ' P

other characteristics and with the time elapsed between thes%vere_ ObStrUCtlon needed emergency |_ntervent|on. Others,
imaging studies. with .mllld obstruction, were treated me@cally and relea_sed
to clinical follow-up or underwent elective decompression
RESULTS (Table 3). In addition, 19 (24%) of the 80 patients total were
stratified into the complete-obstruction group by scintigra-

Among the 80 patients with helical CT findings positiv hy (Table 3). The level of obstruction could be determined

for calculus, 35, or 43.5%, had no evidence of renal
obstruction at the time of MAGF, and 45, or 56.5%, had

complete or partial obstruction. More precisely, 17 patients, TABLE 3

or 21%, had an unobstructed pattern, and follow-up dis- Results of MAG-F, Scintigraphy and Outcome in 80

closed that obstruction was not present, although calculi Patients with Abnormal H-CT

were diagnosed. All but 1 of these patients did not need or

undergo emergency decompression and either were treated Intervention/

medically (analgesics, forced fluids, antibiotics) or under- decompression

went elective removal of the stone (Table 3). In addition, Scintirenographic - No Elective or

findings characteristic of parenchymal dysfunction and g___fndings intervention Emergency _ delayed

normal drainage pattern, also known as the stunned kidnaye obstruction 17 13 1* 3t

were seen during the review session for 18 (22.5%) of the 8tprtial obstruction 26 1% 10 5

patients with positive helical CT findings; of these, 16C°mplete obstruction 19 43 15 0
Stunned kidney 18 14 3 1

recelveo_l an appropnate_ diagnosis at the time of _StUd¥ota| 80 42 29 9

completion. Of the 16 patients, 15 were discharged without

intervention; the other patient had persistent pain. Recur—— hohad ble bai ded )

rence of colic and obstruction, requiring emergency interven-.on¢ Patient who had intractable pain needed intervention.

. . . tOne patient was treated because of new colic with obstruction; 2

tion, occurred !n 3 of th?se patients d?-ys to weeks Iat_e'f' T Qients were treated to relieve stone complicating pyelonephritis.

of the 18 studies showing stunned kidneys were originally +0one patient in each category had recurrent pain 2 days later.

misinterpreted as showing complete obstruction, resulting in§0ne of 2 HIV-positive patients on indinavir sulfate, who had

unnecessary emergency decompression. These were "ffgadioopaque Stcl’“_es_r and 2 other Fi_at'egtsﬂw'th_z' and h3'g”m

only Studies fOI’ WhICh the 2 readings disagreed. s.ton.es at _ureterope \/.IC ]UnCtan were' relieved ailter vigorous nhydra-
. . . S . tion, 1 patient left against medical advice.

Among the 80 patients with positive flnd!ngs on he“_ca |[Condition of 2 patients was incorrectly interpreted by on-call
CT, 26 (32.5%) were found to have partial obstructioruclear physician as complete obstruction, and 1 patient had intrac-
either proximal (16 patients) or distal (10 patients), witkable severe pain.

Vary|ng Severlty |dent|fy|ng the exact site of partlal obstruc- Positive predictive value of helical CT for obstruction was 56%

tion was difficult: if the ureter was not dilated and wad?2sed on results of scintigraphy).
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by KUB, IVU, or helical CT or during intervention. The not allow calculation of the sensitivity, specificity, or
determination of complete obstruction was useful to clinicalegative predictive value of helical CT in the diagnosis of
management, because 15 of the 19 patients underwehstruction.

emergency intervention. Some patients with small stones inFinally, all 4 scintigraphic patterns were present regard-
the ureterovesical junction passed the stones through overlegs of the passage of time from the clinical and helical CT
dration, and 2 left against medical advice. The scintigraphéwaluations, although a longer time favored obstruction. No
findings of total obstruction correlated with severe obstrustrong association between obstruction and other helical CT
tion in 100% of the cases for which intervention occurred. criteria was noticed, although the stones tended to be smaller

Most patients had some decrease in renal function, but tlhecases of complete obstruction (ureter) and in spontane-
scintigraphic criteria were applicable. No patients with renalusly decompressed kidneys.
failure were studied in this group. All patients had unilateral
colic at the time of the study, although some previously hdSCUSSION
contralateral or ipsilateral colic from bilateral stones (Fig. 6). The advent of unenhanced helical CT demands that

Delayed images obtained according to the protocol farologists and other clinical decision makers embrace a new
most patients with abnormal results were helpful in confirnperspective on how patients with urinary lithiasis should be
ing the impression of the dynamic and postvoiding part @valuated. Unenhanced helical CT offers excellent anatomic
the study, especially in the case of the stunned kidney.  information, better than that from KUB or IVU, for detect-

In general, 35 (43.5%) of the 80 patients with clinicaing uroliths and related renal parenchyma and drainage
renal colic and positive helical CT findings had no obstrusystem anatomy1(-13. Unfortunately, and as the data
tion associated with the current episode of pain (n@resented above also indicate, the technique does not offer
obstruction or stunned kidney, Table 3). Thus, in this growgufficient information about renal function, particularly the
of patients and for this study, when scintigraphy wasxistence and degree of obstruction. Unquestionably, pain
considered the gold standard for diagnosis of obstructiamlief and patient comfort are therapeutic goals, but the issue
the positive predictive value, which equals true positivef obstruction is of considerable importance because physi-
(true positive+ false-positive), was 56% for helical CT inologic and immunohistochemical studies indicate that signifi-
showing obstruction. This value, as expected, was higheant renal changes consistent with parenchymal damage
than that for KUB (32%) or for the clinical diagnosis of colicmay occur when a renal unit experiences prolonged partial
(35%) in the first group of 60 patients (Table 2). The data diok complete obstruction (Fig. 614—23. However, helical

L

FIGURE 6. Chronic effects of obstruction on renal function and anatomy shown by 3 studies from same patient. On 9/14/95, right
kidney was totally obstructed for several days, resulting in hydronephrosis and decreased flow and function. Left kidney had good
function and drainage. Patient did not accept decompression. On 3/29/96, right kidney was still totally obstructed and barely
functioning, whereas left kidney was acutely and completely obstructed. Patient was anuric. Bilateral decompression followed this
study. On 10/7/96, patient had new left colic from stone, which induced left partial distal obstruction; left kidney had recovered much of
its function since 3/29/96 because of decompression soon after obstruction. Right kidney had undergone atrophy because of
persistent obstruction from 9/14/95 until 3/29/96, but drainage was normal. Studies were obtained after administration of 10 mCi
MAG; and 40 mg furosemide. Selected pictures, from left to right, show flow study; images at 2 min, 10 min, and 30 min; and
renograms. FL = first-pass flow (3-s image).

MAG3-Fy AFTER HELICAL CT IN ReENAL CoLic « Sfakianakis et al. 1819



CT findings that are positive for calculus, even with othestunned kidney, had ipsilaterally decreased renal flow and
findings suggestive of obstruction, do not necessarily cofunction and increased 20-min cortical retention of activity.
firm the diagnosis of obstruction and the need for emergentite dependence of these findings on the severity and
intervention under general anesthesia. They do not verifiyration of obstruction and on the time elapsed after
that obstruction was or is present, and they may not indicatecompression concurs with the experimental findir2&s. (
the severity of persistent obstruction and its impact on renall patients were studied several hours after the onset of
function. Among our study population, who had renal coliobstruction, when decreased blood flow and function had
and positive helical CT findings at the time of criticaklready been establishe2hj.
decision making, slightly fewer than half either never had When the drainage system in cases of obstruction was
obstruction or had experienced spontaneous decompressammsidered, total and partial obstruction differed fundamen-
Likewise, in patients who had positive helical CT findingstally, again in concordance with experimental findings.
using persistent pain as a criterion for emergency interveWWhen obstruction was complete, the intrarenal and extrare-
tion appears useful, but considering persistent pain alonal drainage systems were not visualized but a continuous
may lead to a wrong decision about patient management: glow cortical accumulation with a rising cortical renogram
the one hand, cessation of pain, especially after analgesiess visualized in the acute phase of obstruction. The tubular
does not necessarily mean that decompression by passageetis are less severely affected and slowly (decreased blood
dislodgment of the calculus occurred, and such an assurflpw) but continuously accumulate MAQrising graphs),
tion may lead to kidney damage from untreated obstructioand because of the lack of urine flow the activity remains in
on the other hand, persistence of symptoms does not alw#lys parenchyma, inside the tubular cells, or in the tubular
mean that severe obstruction in need of emergency intervéummen.
tion is present Z4). In addition, the lack of a strong In contrast to the nonvisualization of the drainage system
correlation between the time elapsed after the helical G complete obstruction, in the partially obstructed kidneys
examination and the finding of a stunned kidney suggedlt® drainage system was visualized in addition to slow and
that, at least in some patients, decompression may haasistently active parenchyma. Visualization often occurred
occurred even before the helical CT was performed. late. A delayed and then persistent, prominent image of the
Making the final decision requires an objective criteriopelvis (substantially more intense than the renal paren-
such as a noninvasive test that reliably shows whetheltyma) and ureter was seen in cases of distal obstruction
obstruction is or was the cause of the pain, whethbecause the highly concentrated radiopharmaceutical was
obstruction is still present and how severely it affects renadtained in the urine within the portion of the drainage
function, and whether spontaneous decompression has ®gstem proximal to the level of ureteral obstruction (Figs. 2A
curred. Such a test, in conjunction with the helical Cand B).
results, will facilitate patient stratification into 3 groups. The In spontaneously decompressed, postobstruction, stunned
first will receive further work-up or be discharged tdidneys, renal blood flow and function progressively im-
outpatient follow-up before final diagnosis and possiblerove and normalize with time (Fig. 5). Unless decompres-
elective intervention (no obstruction or a postdecompressision is recent, a relative (to obstruction) preservation of renal
pattern). The second will receive diuretic and analgesidood flow is present, associated with a variable, delayed,
therapy and may finally undergo elective decompressiamd persistent cortical nephrogram. Conversely, a faintly
(mild or partial obstruction). The third will be admitted tovisualized drainage system empties promptly because of a
the hospital for emergency removal of the calculus or ferormal flow of dilute urine Z5) after injection of a potent
decompression to avoid irreparable renal damage (severaimretic. Despite substantial urine flow, only small portions
total obstruction). MAG-F, scintigraphy appears to qualify of the MAG; taken up by the tubular cells appear to be soon
as this noninvasive test. excreted into the lumen of the tubules; the severe tubular
In our study, on the basis of reported results about tliysfunction keeps most of the activity in the parenchyma of
sensitivity of helical CT for stone detection, patients witlthe kidney (acute tubular necrosis—like stunning). As a
negative findings were considered to be experiencing pa#gsult, the urine has a low concentration of activity, the
from causes other than renal colic and were stratifiedtrarenal drainage system is not usually visible against a
accordingly. However, confirmation of the sensitivity oflense hyperactive cortex, and the ureter often requires
helical CT through prospective MAG-, scintigraphy may image enhancement to become visible (Figs. 4 and 5).
be useful in patients with negative helical CT findingsyisualization of the drainage system is the most convincing
which indirectly suggest that renal obstruction is not thiinding for differentiating between a stunned kidney and
cause of their pain. complete obstruction. Appreciation of this finding during the
The 4 characteristic patterns of diureti¢"Tc-MAG; testinterpretation is often difficult, and indeed, 2 misinterpre-
scintirenography correlate with well-known pathophysitations occurred in cases of stunned kidney. The on-call
ologic changes that occur in patients with total or partiakaders interpreted these cases as complete obstruction
obstruction and in acutely decompressed kidn& ( (Table 3).
All patients with obstruction, and most patients with a The unilateral nature of the abnormality and the history
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can help distinguish renal dysfunction after obstruction frommay differentiate between very severe or complete obstruc-
other conditions that induce similar dysfunction (e.g., acutmn and partial obstruction. This imaging method may
tubular necrosis, toxicity, vascular problems, and nephroficovide information about the severity of, and indicate the
syndromes). However, this pattern suggests simply thatatomic level in, partial obstruction. The functional charac-
obstruction has been relieved and not necessarily thateaand tubular properties of the method allow recognition of
calculus has passed into the bladder. The stone may chargyeal dysfunction after decompression, or the stunned kid-
position and cease causing obstruction. KUB radiography ey, the image of the kidney after passage or dislodgment of
helical CT may still show the stone, although scintigraphy urolith. This test should be used for routine evaluation of
will show lack of obstruction; of course, obstruction mayatients with renal colic to stratify them for emergency
recur, as it did in some of our patients. Whether this patteiimtervention (complete or severe obstruction), for medical
follows decompression of all obstructed kidneys or occurs therapy and elective intervention (mild partial obstruction),
severe or prolonged obstruction is not known. Experimentat for further work-up and follow-up (no obstruction or
data indicate a certain relationship with severity and durgpontaneous decompression). Such stratification is needed
tion of obstruction 25). after clinical selection, after KUB radiography, and even
The postobstruction state as shown by IVU has beeifter positive results on helical CT, all of which have a low
described 26). This state was reported for 10 patients, angositive predictive value for obstruction.
the following 4 signs were emphasized : no delay in passage
of contrast material, decreased density of contrast material
in the ureter, hazy visualization of the ureter, and dilatatiof-x NnOWLEDGMENTS
of the ureter. This complex of signs, which are similar to __ ) .
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