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This study reviews 27 patients with nonvisualization of the gallbladder on Cholescintigraphy.
The pi'eoperative diagnosis of acute cholecystitis was confirmed pathologically in 23. A rim of

increased hepatic activity (RIHA) adjacent to the gallbladder fossa was seen throughout the
study in 35% with acute cholecystitis and in no patients with chronic cholecystitis. Nine
patients with "complicated" cholecystitis (defined pathologically as a late stage of the

spectrum of acute cholecystitis) had a positive RIHA in contrast to no patients with
"noncomplicated acute cholecystitis" (p < 0.05). The sensitivity/specificity of the RIHA for
"complicated" acute cholecystitis was 45%/100% and the positive/negative predictive value

was 100%/39%. Liver tissue that was attached to the gallbladder by adhesions and removed
at surgery was reviewed histologically and correlated with the presence or absence of a
RIHA. The RIHA seems to be a useful indicator of patients presenting at a later stage of the
pathologic spectrum of acute cholecystitis and perhaps at increased risk for complications.
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I on visualization of the gallbladder on technetium-
99m ("Te) HIDA Cholescintigraphy with normal hep-

atobiliary transit is diagnostic of acute cholecystitis with
a sensitivity >95% (1-3). The reported specificity is
also high, although false-positive studies do occur (4,

5). A rim of increased hepatic activity (RIHA) directly
adjacent to the gallbladder fossa has recently been de
scribed in association with nonvisualization of the gall
bladder with a reported incidence of 21 % and 60% (6,
7). These reports suggest that, although it is not a
sensitive sign of acute cholecystitis, it appears to be
fairly specific. It has been particularly associated with
gangrene and perforation (8, 9).

The purpose of our study was to evaluate the fre
quency and significance of this finding in our patient
population, to determine its value for predicting com
plications of acute cholecystitis, and to investigate its
pathophysiologic significance.

Materials and Methods
A retrospective review of 416 consecutive [99mTc]DISIDA

(Tc-disofenin) hepatobiliary studies performed between 1981
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and 1985 at GUH revealed 105 with nonvisualization of the
gallbladder and normal hepatobiliary transit. Clinical records,
pathologic and surgical reports were obtained for 27 patients
who underwent surgery; cholecystectomy (26), and cholecys-

totomy ( / ). There were 18 females and nine males whose ages
ranged from 21 to 87 yr (mean 61 yr). The other 78 patients
either did not undergo surgery or their records were unobtain
able.

Cholescintigraphy was performed after an intravenous in
jection of 5 mCi (185 MBq) [9'IITc]disofenin (2,3-disopropyl-

iminodiacetic acid). AH 27 patients had been fasting at least 2
hr but <48 hr prior to the study. None received cholecysto-

kinin. Anterior abdominal images were acquired immediately
and at 5, 15, 30, 45, and 60 min after injection for 500,000
counts each on a large field-of-view gamma camera with a
low-energy, all purpose parallel hole collimator. The study

was considered normal when the gallbladder and small bowel
visualized within 60 min. Otherwise the study was continued
with delayed images obtained up to 4 hr after injection until
there was visualization of these structures or hepatic activity
had cleared. Right lateral and left anterior oblique images
were obtained as needed. Persistent nonvisualization of the
gallbladder with normal hepatobiliary transit was considered
to be positive for acute cholecystitis. The hepatobiliary scans
were reviewed for the presence or absence of a rim of increased
hepatic activity (RIHA) directly adjacent to the gallbladder
fossa (Fig. 1).

Pathologic and surgical reports were reviewed in order to
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FIGURE 1
Technetium-99m DISIDA Â¡magestaken at 5, 30, and 60
min and 4 hr postinjection demonstrate a prominent RIHA
that is seen throughout the study.

categorize the Findings according to the stage of acute chole
cystitis and its complications as described by Schein (10). For
example, evidence at surgery of gallbladder edema, dilatation,
perforation, empyema, or gangrene or pathologic specimens
showing cellular infiltration, fibrous exudation, ulcÃ©rationor
necrosis was recorded. "Complicated" acute cholecystitis was

defined as the presence of one or more of the following
findings: ulcÃ©ration,necrosis, fibrous exudation, perforation,
empyema, or gangrene. These findings were felt to be a late
stage of a pathological spectrum of acute cholecystitis repre
senting more serious illness and having the potential for
serious clinical manifestations. In contrast, "noncomplicated"

cholecystitis was defined as having the surgical and pathologic
findings limited to edema, dilatation, and cellular infiltration.
The number of studies with and without a RIHA was deter
mined for "complicated" and "noncomplicated" acute chole

cystitis and for each surgical or pathologic finding. The sensi
tivity, specificity, and positive and negative predictive values
were then determined.

The microscopic histopathology from 22 patients was re
viewed by an experienced pathologist (RSK) for the purpose
of studying liver tissue adjacent to the gallbladder that had
been removed at the time of surgery.

RESULTS

Nine of 27 studies with nonvisualization of the gall
bladder and the preoperative diagnosis of acute chole
cystitis had the presence of a RIHA. In all positive
studies, the RIHA could be seen throughout the study
as a curvilinear band of increased activity along the
inferior hepatic edge of the gallbladder fossa (Fig. 1).
This RIHA could be seen on the 4-hr delayed images

as well. The diagnosis of acute cholecystitis was con
firmed by pathologic criteria in 23 patients. The RIHA
was seen in eight of 23 (35%). The one additional
patient with a RIHA only had a cholecystotomy per
formed, therefore, no gallbladder tissue specimen was
available for pathologic review. At surgery this patient
was noted to have a small perforation and intraperito-
neal pus. Three patients had a diagnosis of chronic
cholecystitis. None had a RIHA.

Eight of nine patients with a RIHA had gallbladders
described as dilated at surgery in contrast to six of 18
patients without a RIHA and dilatation at surgery (p =
0.006). Only two patients with gallbladder tissue pa
thology had perforation; neither had a RIHA. One
additional patient described above with cholecystotomy
and therefore no confirmatory pathology had a small
perforation described at surgery.

Twenty patients had "complicated" and seven had
"noncomplicated" cholecystitis. Nine of 20 patients
with "complicated" acute cholecystitis had a positive
RIHA, in contrast to none of seven patients with "non-
complicated" cholecystitis (p < 0.05). The sensitivity/
specificity of the RIHA for "complicated" acute chole

cystitis was 45%/100% and the positive/negative pre
dictive value 100%/39%.

In the 22 cases where the microscopic pathology was
reviewed, five had liver tissue attached by adhesions to
the gallbladder specimen. Four had sufficient liver tissue
to review histologically. In one patient with a strongly
positive RIHA, the adjacent liver tissue showed inflam
matory changes of edema, Kupffer cell hyperplasia, and
sinusoidal congestion (Fig. 2). A second patient with a
prominent RIHA has lesser changes of Kupffer cell
hyperplasia and hepatocyte ischemia. A third patient
with a mildly positive RIHA had normal liver pathol
ogy. The fourth patient had no RIHA and no liver
abnormality. One additional patient in our study with
gallbladder necrosis, ulcÃ©ration,and hemorrhage at pa
thology was found at surgery to have empyema of the
gallbladder with necrotic liver tissue in the gallbladder
fossa. No microscopic pathology of the liver was avail
able for our review. The Tc-DISIDA study showed no
RIHA.

DISCUSSION

Recent reports have associated the newly described
finding of a RIHA with acute cholecystitis and with
two particular complications, perforation and gangre
nous cholecystitis (6-9). The results of our study suggest
that the presence of a RIHA associated with nonvisual
ization of the gallbladder is a clinically useful scinti-
graphic finding in identifying patients who are at a later
stage of the pathologic spectrum of acute cholecystitis
and possibly at increased risk for serious complications.
Although the sensitivity of the RIHA for "complicated"
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FIGURE 2
In a patient with a positive RIHA, liver
parenchyma adjacent to gallbladder
shows capsular edema (lower por
tion of field), sinusoidal congestion,
and prominence of Kupffer cells (ar
rows) laden with bile and lipid mate
rial (hematoxylin and eosin x225).

acute cholecystitis is low, its specificity and positive
predictive value are high.

Of particular interest is the mechanism of production
of the RIHA. Schein describes three stages of acute
cholecystitis following obstruction of the cystic duct;
the first being that of edema and congestion, the second
a cellular response and the third, vascular and bacterial
complications (70). These stages are dynamic and fol
low a relatively predictable time course. It is possible
that the RIHA may be associated with a particular stage
of acute cholecystitis and that for the sign to be present
the scan must be performed during that time frame. In
this retrospective study no definite correlation could be
found between the time from onset of the patient's

symptoms to the time of the hepatobiliary study or
surgery with the presence or absence of a RIHA. Clearly
other factors may play a role in determining the pres
ence or absence of an inflammatory RIHA, e.g., anti
biotics, steroids, and antiinflammatory drugs. Impor
tantly, we found no patient who had "noncomplicated"

acute cholecystitis with a RIHA. In addition, the liver
pathology found in our patients demonstrates a spec
trum of inflammatory changes which suggest a possible
etiologic relationship to the RIHA.

It has been suggested that the RIHA is the result of
an inflammatory process starting in the gallbladder and
spreading to the adjacent hepatic parenchyma (6,8).
The above cases support this hypothesis. The patho-
physiologic mechanism explaining the RIHA might be
as follows. After obstruction, the gallbladder becomes
edematous, congested, and dilated, followed by cellular
inflammation. The close proximity of the dilated, in
creasingly inflamed gallbladder allows the inflamma
tory process to spread to the adjacent liver. Our findings
that eight of nine patients with a RIHA had dilated
gallbladders at surgery, but only six of 18 (p = 0.006)
without a RIHA had dilatation would support this

hypothesis. The inflammatory process has been de
scribed as greater in the hepatic aspect of the gallbladder
than on the free peritoneal edge (77) and that the liver
edge may show inflammatory changes (12). The inflam
matory process in the adjacent liver tissue could cause
hyperemia, local obstruction of bile canalicoli, extra
vasation of tracer, and reduced cellular ability to excrete
the tracer. With continuing inflammation the liver edge
may undergo vascular changes leading to necrosis, the
end of the spectrum of inflammatory changes.

It has been suggested that because the RIHA is spe
cific for acute cholecystitis, the study could be con
cluded at 1 hr, because 2-4 hr delayed images were not
necessary to avoid a false-positive study due to chronic
cholecystitis ( 7). The positive predictive value of 100%
for complicated acute cholecystitis in our study for the
RIHA in the setting of nonvisualization of the gallblad
der, supports this approach.

In summary, the RIHA appears to be a useful indi
cator of patients presenting at a later stage of the path
ological spectrum of acute cholecystitis and who are
perhaps at increased risk for serious complications. Our
study suggests that the pathophysiologic mechanism for
the RIHA may be related to spread of gallbladder
inflammation to adjacent liver and that the stage of
inflammation may determine whether or not the sign
is present.
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