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The influence of scan and pathological criteria on the specificity of cholescintig-
raphy was assessed by a prospective study of 211 patients with suspected acute
cholecystitis who underwent Cholescintigraphy. Sufficient data were available in
all to confirm a final diagnosis. Cholescintigraphy was performed in the standard
fashion using 5 mCi of Tc-99m disofenin. Sixty patients had acute cholecystitis, 64

had chronic cholecystitis, and 87 had no demonstrable gallbladder disease. As the
scan and pathological criteria for acute cholecystitis were varied from strict to lib
eral, the sensitivity of Cholescintigraphy decreased (100% to 95.3%), the speci
ficity increased (85.1% to 98.6%, and the predictive value increased (68.4% to
96.8% ). The use of strict scan and pathological criteria for acute cholecystitis ob
scures the advantages that accrue from such early detection of acute cholecystitis
by Cholescintigraphy, and thus are to be avoided. To understand the disparate
opinions voiced in the literature, an appreciation is required for the effects of
changes in criteria on the specificity and predictive value of Cholescintigraphy.
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Cholescintigraphy is a sensitive tool for the detec
tion of acute cholecystitis, and is advocated as the di
agnostic screening modality of choice by several inves
tigators (1-4). However, the role of Cholescintigraphy
in the clinical setting of suspected acute cholecystitis has
been questioned by others, who have reported consid
erably lower specificities for Cholescintigraphy than are
desirable (5,6). Such discrepant opinions appear to ensue
from differences in the methods selected by the authors
in a given study. Factors such as (a) the criteria selected
for confirmation of acute cholecystitis, (b) the time limit
for gallbladder visualization, (c) the presence of the
fasting or nonfasting state, and (d) the population
studied, may have a profound influence on the choles-
cintigraphic results reported (7-9). The majority of the
false-positive cholescintigrams reported are seen in pa
tients with chronic cholecystitis.
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To assess the influence of scan and pathological cri
teria upon the sensitivity, specificity, and predictive value
of Cholescintigraphy in patients with suspected acute
cholecystitis, the following prospective study was un
dertaken.

METHODS

From June, 1981 to August, 1982,211 patients with
acute right upper quadrant or epigastric pain (<5
days) underwent Cholescintigraphy within 48 hr of
hospital admission. Sufficient pathological, radiological,
clinical, and/or laboratory information was available to
confirm the final diagnosis in each patient.

After a minimum 2-hr fast, Cholescintigraphy was
performed following the intravenous injection of 5 mCi
(185 MBq) of Tc-99m disofenin. Sequential 500,000-
count anterior images were obtained with a standard or
large-field gamma camera at 10-min intervals for 60
min. Right lateral and oblique views were obtained
routinely to separate gallbladder and duodenal activity.
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Delayed imaging was performed as needed until either
gallbladder visualization occurred or 3-4 hr after in
jection had elapsed.

Cholescintigrams were given the following diagnostic
designations:
(a) normal if the gallbladder visualized within 1 hr of
tracer injection;
(b) delayed if the gallbladder visualized between 1 and
4 hr after tracer;
(c) persistent nonvisualization if there were no gall
bladder visualized throughout the imaging series; and
(d) obstructive ifâ€”despiteadequate hepatic uptakeâ€”
there was no visualization of gallbladder, common bile
duct, or small bowel within 4 hr of tracer injection.

In 179 of these patients, gallbladder ultrasonograms
were performed with a high-resolution, real-time, sector
scanner using either 3.5- or 5.0-MHz transducers having
medium to long internal focusing. Patients were exam
ined in a fasting state routinely in both supine and prone
positions, and with other positions as needed.

Two basic ultrasonographic patterns were identified:
(a) normal if the gallbladder wall was not thickened (<2
mm), echogenic foci were not present in the gallbladder
lumen, and the gallbladder size was normal; and (b)
abnormal if echogenic foci with acoustical shadowing,
gallbladder wall edema, and/or pericholecystic fluid
were present, indicating gallbladder disease.

Following cholecystectomy, the gallbladder specimen
was examined pathologically for the presence of
transmural acute inflammatory infiltrates, hemorrhagic
necrosis of gallbladder wall or mucosa, gallbladder wall
edema, or cystic duct obstruction.

For the reporting of initial data in the Results section,
acute cholecystitis was considered present only when
confirmed pathologically by the presence of either
hemorrhagic necrosis of the gallbladder wall, or con
comitant obstruction of the cystic duct with edema of the
gallbladder wall. Chronic cholecystitis was present if:
(a) the above findings of acute cholecystitis were absent,
but chronic inflammatory cellular infiltrates with wall
thickening was present microscopically, and/or (b) there
was unequivocal sonographic demonstration of echogenic
foci with acoustical shadowing, but cholecystectomy was
not performed. Sonographic demonstration of gall
bladder wall thickening, sludge, and/or pericholecystic
fluid alone, was not considered sufficient to indicate
chronic cholecystitis.

RESULTS

Pathological confirmation of gallbladder disease was
obtained in 103 patients, 60 with acute and 43 with
chronic cholecystitis. An additional 21 patients had so-
nographically demonstrated cholelithiases with a normal
cholescintigram, but did not undergo cholecystectomy

and did not have acute cholecystitis clinically. These 21
patients were classified as chronic cholecystitis.

Of the 60 patients with acute cholecystitis (prevalence
28.9%), 58 had a persistent nonvisualization cholescin
tigram, one had delayed gallbladder visualization at 3
hr, and one had an obstructive scan pattern with surgical
confirmation of concomitant choledocholithiasis. Five
of these 60 patients had acute acalculous cholecystitis,
and a persistently nonvisualizing cholescintigram was
obtained in each.

One hundred fifty-one patients did not have acute
cholecystitis. Eighty-seven of these had a normal
cholescintigram and real-time ultrasonogram, and were
considered to be free of gallbladder disease. The re
maining 64 patients had chronic cholecystitis with con
comitant choledocholithiasis present in eight. Of these
64 patients, 44 gave normal cholescintigrams, nine
showed delayed visualization, five showed persistent
nonvisualization, and six showed an obstructive pattern
(Table 1). Seven of the nine patients with delayed gall
bladder visualization and all 11 patients with the per
sistent nonvisualization or obstructive patterns had
surgical confirmation of chronic cholecystitis. All six
patients with the obstructive scan pattern had surgical
confirmation of concomitant choledocholithiasis. In two
additional patients with nonobstructing choledocholi
thiasis, one showed a normal and the other a delayed
biliary-to-bowel transit of the tracer.

If we exclude the seven patients with the obstructive
scan pattern (one with acute cholecystitis, and six
chronic cholecystitis patients with concomitant ob
structing choledocholithiasis), 58 of 59 patients with
acute cholecystitis gave a persistent-nonvisualization
cholescintigram (sensitivity 98.3%). One hundred forty
of 145 patients without acute cholecystitis showed nor
mal or delayed gallbladder visualization patterns
(specificity 96.5).

In this series, a persistently nonvisualizing choles
cintigram had a predictive value of 92.1% for acute

TABLE 1. CHOLESCINTIGRAPHY RESULTS IN
211 PATIENTS WITH SUSPECTED ACUTE

CHOLECYSTITIS

Cholescintigraphic patterns
Nonvis.' Delayed Normal Obstructive Total

ACT 58 1 0 1 60

NonAC 5(5)* 9(9) 131(44) 6(6) 151(64)

' Nonvis. = persistent nonvisualization.

T AC = acute cholecystitis; NonAC = no acute chole

cystitis.
* The total number of each Cholescintigraphic pattern is

shown outside the parentheses; inside is the number of pa

tients with chronic cholecystitis.
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TABLE 2. EFFECT OF CHANGES IN ACUTE CHOLECYSTITIS CRITERIA ON SENSITIVITY AND
SPECIFICITY OFCHOLESCINTIGRAPHYAcute

cholecystitis
criteria1.

Transmural acuteinflammatoryinfiltrates2.

Hemorrhagic necrosis ofgallbladderwall

ormucosa3.

Criterion 2 or complete cysticductobstruction

and/or gallbladder walledema4.
Any criterion above, orpostcholecystec-tomy

relief of fever, pain, leukocytosisCholescintigraphic

patterns (204patients")ACNonACACNonACACNonACACNonvis.491454958561NonAC

2Normal

ordelayed1140114011403138Sens/spec.98%/90.9%98.2%/94.0%98.3%

796.5%95.3%/98.6%*

Seven patients with obstructive pattern are excluded from thisanalysis.Nonvis.

â€”persistentnonvisualization.AC

â€”acute cholecystitis; NonAC â€”no acute cholecystitis.

cholecystitis, while a normal or delayed gallbladder
cholescintigram had a predictive value of 99.3% for
nonacute cholecystitis.

DISCUSSION

Although there are several causes of gallbladder
nonvisualization in the clinical setting of acute abdom
inal pain, the large majority of false-positive cholescin-
tigrams are associated with chronic cholecystitis
(7,5,7-10). In this series, chronic cholecystitis accounted
for all five false-positive cholescintigrams. Thus, chronic
cholecystitis degrades the specificity of cholescintigraphy
for the detection of acute cholecystitis. However, the
magnitude of the effect varies considerably in the liter
ature, with false-positive rates ranging from 0.6% to 27%
(5-7).

Such variability appears to depend on the methods
selected by the authors of a given study. The magnitude
of the effect of chronic cholecystitis upon the specificity

of cholescintigraphy varies as the criteria selected for
confirmation of acute cholecystitis change (Table 2). As
these criteria are liberalized, the sensitivity decreases and
the specificity increases as more patients with chole
cystitis are considered acute rather than chronic. Simi
larly, as the time for gallbladder visualization is liber
alized from 1 hr to 4 hr (pathological criterion for acute
cholecystitis held constant), the sensitivity falls and the
specificity increases (Table 3). Thus, a study demanding
a strict pathological criterion for acute cholecystitis (e.g.,
transmural inflammatory infiltration) and requiring
gallbladder visualization by 1 hr, will suggest that
cholescintigraphy has a far lower specificity than a study
utilizing the most liberal criteria illustrated (Table 4).

As the specificity falls in a given study, so does the
predictive value of a positive test. From the data in Table
4, the predictive value of a positive test falls from 96.8%
(liberal criteria) to 68.5% (strict criteria) as the number
of false-positive scans increases and the number of
true-positive scans decreases.

TABLE 3. EFFECT OF TIME LIMIT FOR GALLBLADDER VISUALIZATION ON SENSITIVITY AND
SPECIFICITY OF CHOLESCINTIGRAPHY FOR ACUTECHOLECYSTITIS*Gallbladder

visualization
Timelimit1.

<1 hr

2. <21/2hr

3. <4hrCholescintigraphic

patterns (204patients)Nonvis.
TNormal ordelayedSens/specAC

59 0 100%/90.3%
NonAC 14* 131

AC 59 0 100%/93.1%
NonAC 10* 135

AC 58 1 98.3%/96.5%

NonAC 5140*

Criterion 3, Table 2.

t Nonvis = persistent nonvisualization.

* Without serial images at 2, 3, and 4 hr, the precise gallbladder visualization time for seven of the nine patients with gallbladder
visualization between 1-4 hr cannot be determined.
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TABLE 4. EFFECT OF STRICT VERSUS LIBERAL CRITERIA FOR ACUTE CHOLECYSTITIS AND
GALLBLADDER VISUALIZATION TIME ON THE SENSITIVITY AND SPECIFICITY OF

CHOLESCINTIGRAPHY

Cholescintigraphic patterns (204 patients)
Nonvis.* Normal or delayed Sens/spec

1. Strict criteria (transmuralacuteinflammatoryinfiltrates,
andGBvisualization

<1hr)2.
Liberal criteria (criterion 4, Table 2; and GBvisualization <4 hr)ACNonACACNonAC502361201313138100%/85.1%95.3%/98.6%

â€¢Nonvis. = persistent nonvisualization.

The use of a strict pathological criterion for acute
cholecystitis ignores the natural history of this condition.
More than 90% of cholecystectomy specimens removed
for acute cholecystitis show telltale evidence of previous
inflammatory episodes of acute cholecystitis, with fi-
brotic, reparative processes (//). Such fibrotic, repar-
ative processes most likely hinder the development of
acute transmural inflammatory changes (Criterion 1,
Table 2), and patients with acute cholecystitis super
imposed on chronic cholecystitis are mislabeled as
chronic cholecystitis using such a criterion.

The use of Criterion 3 (Table 2) appears most ap
propriate, since such an approach recognizes the natural
history of acute cholecystitis discussed above, yet avoids
the pitfall of labeling all syndromes of right upper
quadrant pain relieved by cholecystectomy as due to
acute cholecystitis. Cholescintigraphy detects cystic duct
obstruction, the first step in the development of acute
cholecystitis. The use of strict scan and pathologic cri
teria for acute cholecystitis obscures the advantages that
accrue from such early detection of acute cholecystitis
by cholescintigraphy, and thus is to be avoided.
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New Feature on Residency Position Openings
The January issue of JNM will provide a listing of residency positions open in 1984.This new feature is sponsored by
the Academic Council as a service to those individuals looking for open residency positions and programs with positions
to fill. Any residency program wishing to list a 1984 position opening should contact:

Lori S. Carlin
Society of Nuclear Medicine

475 Park Avenue South
New York, NY 10016

Volume 24, Number 10 879




