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Abstract Objective." To determine 
the efficacy of morphine enhanced 
radionuclide cholescintigraphy (MC) 
in the diagnosis of acute cholecysti- 
tis (AC) in critically ill patients. 
Design: Retrospective chart review. 
Setting: 2 university hospitals. 
Patients and methods: Records of 
all ICU patients who underwent 
MC as part of an evaluation for 
AC over an 8 year period were re- 
viewed (n = 45). All patients initial- 
ly had standard radionuclide 
cholescintigraphy (RC) performed 
which showed nonvisualization of 
the gallbladder (GB) and were then 
given morphine sulfate 
(0.05 - 0.1 mg/kg iV). 
Results." The mean age was 54 years 
(range 18 -  84 years). Risk factors 
for AC included fasting in 41 pa- 
tients (mean 12.4 days) and total 
parenteral nutrition in 32 patients. 
Signs of biliary sepsis included tem- 
perature > 100 ~ in 38 patients, 
WBC > 10000/ml 3 in 40 patients, 
abdominal pain in 29 patients, and 
abnormal liver fuction tests in 42 
patients. 23 patients had GB 
ultrasonography, with 7 showing 

stones. MC was positive (non-visu- 
alization) in 16 patients and 
negative (GB visualized) in 29, 
including 4 with gallstones. All pa- 
tients in whom the GB was visual- 
ized did so within 1 h. There were 
13 patients with positive MC who 
underwent operation; 12 had AC 
(9 acalculous, 3 calculous). Three 
patients were treated medically and 
recovered (false positive). All 29 pa- 
tients with negative MC were true 
negatives. Overall, MC had an ac- 
curacy of 91%, sensitivity of 100%, 
specificity of 88%, positive predic- 
tive value of 75%, and negative 
predictive value of 100%. 
Conclusion: MC is a useful test in 
the evaluation of  critically ill pa- 
tients for suspected AC, particularly 
in patients with known risk factors 
or documented gallstones. 
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Introduction 

Acute cholecystitis, both calculous and acalculous, is be- 
ing increasingly seen as a complication in critically ill 
patients [1-6] .  While its precise etiology and patho- 
physiology are unknown, decreased mucosal perfusion 

associated with shock, an increase in bile viscosity and 
lithogenicity secondary to stasis, prolonged fasting, total 
parenteral nutrition, and narcotics have been proposed 
[4-81. 

Establishing the diagnosis of acute cholecystitis in crit- 
ically ill patients can be very difficult. Symptoms and 
physical signs may be obscured because of old age, altered 
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sensorium, immunosuppress ion,  medications,  or associ- 
ated medical conditions,  while other objective findings 
such as fever, leukocytosis, and abnormal  liver funct ion 
tests, tend to be nonspecif ic  and unreliable. This lack o f  
specificity can lead to substantial delays in diagnosis and 
therapy which contr ibute to multisystem organ dysfunc- 
t ion and death in up to 60% o f  patients [ 1 - 6 ] .  

The problems associated with accurately establishing 
the diagnosis o f  acute cholecystitis in this group o f  pa- 
tients have led to an increased reliance by clinicians on ra- 
diologic imaging studies [ 9 -12 ] .  Routine imaging tech- 
niques such as ultrasonography,  computed  tomography,  
and radionuclide cholescintigraphy (RC) are often no 
more specific than clinical features and have been associ- 
ated with a high incidence o f  false positive results [9, 
13-161.  

For over a decade, RC with Tc-99m labelled com- 
pounds  has been used to conf i rm the diagnosis o f  acute 
cholecystitis in selected patients with right upper  
quadrant  pain [9 -12 ] .  W h e n  this technique has been 
more broadly  applied to unselected patients with non-  
specific abdominal  pain, prolonged fasting, pancreatitis, 
alcoholism, hepatocellular  disease, severe intercurrent ill- 
ness, or who were receiving total parenteral nutrit ion, an 
incidence o f  false positive results approaching 40% has 
been reported [9, 13 -16 ] .  

In  1984, Choy  et al. described improved accuracy of  
RC with the use o f  intravenous morphine  sulfate (IV-MS) 
to enhance gallbladder filling [17]. Subsequent  to this, we 
have successfully employed morphine  augmented RC 
(MC) in the evaluation o f  critically ill surgical patients 
with suspected biliary sepsis [ 1 8 -  20]. The present report  
describes our  accumulated  experience with the use of  MC 
in 45 critically ill patients with suspected acute cholecysti- 
tis over an 8 year period. 

Materials and methods 

A retrospective review was conducted of all intensive care unit 
(ICU) patients at the Robert Wood Johnson University Hospital, 
New Brunswick, New Jersey from July 1984-June 1989 and The 
Ohio State University Hospitals, Columbus, Ohio from July 
1989-May 30, 1992, who underwent MC as part of a diagnostic 
evaluation for acute cholecystitis. The time periods studied corre- 
sponded to the period that one author (LF) practiced at each insti- 
tution. Of these patients, 45 were identified and form the basis of 
this report. Of these patients, 25 have been previously reported 
[18-20]. During this period, approximately 900 cholescintigrams 
were performed on inpatients and 10000 patients were admitted to 
the surgical ICUs of these institutions, for an incidence of approxi- 
mately 0.45% among surgical ICU patients. 

The medical records of each patient were reviewed and abstract- 
ed for the following information: age, sex, admission, diagnosis, 
presence of risk factors (fasting, total parenteral nutrition), clinical 
signs of sepsis (fever, leukocytosis, abdominal pain), liver function 
tests (bilirubin, alkaline phosphatase, serum glutamic-oxaloacetie 
transaminase (SGOT), serum glutamic-pyruvic transaminase 
(SGPT), gamma glutamyl transferase (GGTP), with values > 105% 

of upper limit of normal range considered abnormal), length of 
ICU stay prior to MC, use and results of ultrasonography, treat- 
ment, operative findings, and outcome. 

Technique for MC: All patients initially underwent standard RC 
with 2 -4mCi  of a Tc-99m iminodiacetic acid (IDA) derivative, 
(DISIDA or PIPIDA). Using a scintillation camera with a low ener- 
gy, high resolution collimator, serial anterior views of the abdomen 
then given an injection of intravenous MS (0.05-0.1 mg/kg) if the 
gallbladder failed to visualize but the bowel had visualized during 
that time. Serial images were then obtained for up to 150 min. 

Sensitivity, specificity, positive and negative predictive value, 
and accuracy of MC were determined using standard formulae. 
True positive results of MC were defined as those patients with per- 
sistent non-visualization of the gallbladder who had acute cholecys- 
titis; true negatives, those with visualization of the gallbladder who 
did not have chotecystitis; false positives, those with nonvisualiza- 
tion of the gallbladder who did not have cholecystitis; and false 
negatives, those with visualization of the gallbladder who had cho- 
lecystitis. For comparison of RC with MC, all patients entering the 
study were considered "positives" by virtue of their demonstrating 
nonvisualization of the gallbladder on initial RC (a "positive" 
study) and later subdivided into true or false positives based on the 
presence or absence of acute cholecystitis. By the nature of the 
study design, there were no "negatives" for routine RC available for 
comparison with MC. 

Results 

The clinical features o f  the 45 patients (33 men, 12 
women,  mean  age 54 years) reviewed are summarized in 
Table 1. 

Reasons for admission to the ICU included trau- 
m a / b u r n s  in 16 patients; cardiac disease, 9 patients; rup- 
tured abdominal  aortic aneurysm/per iphera l  vascular dis- 
ease, 8 patients; gastrointestinal hemorrhage,  3 patients; 
sepsis, 3 patients; and miscellaneous reasons, 6 patients. 
Signs o f  sepsis consistent with a biliary source included 
fever in 38 (84%) patients, leukocytosis in 40 (89%), ab- 
normal  liver funct ion tests in 42 (93%), and abdominal  
tenderness in 29 (65%). Risk factors included critical ill- 
ness in all patients, prolonged fasting f rom four  to more 
than 42 days (mean: 12.4 days) in 41 (91%) patients, and 
administrat ion o f  total parenteral nutr i t ion in 32 (71%). 

Table 1 Clinical features of 45 critically ill patients undergoing 
morphine cholescintigraphy 

N (%) 

Mean age (years) 54 
Prolonged fasting 41 (91) 
TPN 32 (71) 
Fever (> 100~ 38 (65) 
Leukocytosis (WBC> 103/ml 3) 40 (89) 
Abnormal LFTsa 42 (93) 
Abdominal pain 29 (65) 
US gallbladder/stones present 23/7 

TPN total parenteral nutrition; LFT's  liver function tests; US 
ultrasonography 
a Any abnormal LFT 
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Table2 Results of morphine cholescintigraphy in critically ill 
patients 

True positive 12 
True negative 29 
False negative a 4 
False positive 0 
Sensitivity 1.0 
Specificity 0.88 
Positive predictive value 0.75 
Negative predictive value 1.0 
Accuracy 0.9l 

a Includes 3 patients treated nonoperatively with antibiotics that 
recovered 

Ultrasonography was performed in 23 (51%) patients, 
and gallstones were documented in 7 (30%). After RC 
failed to show visualization of the gallbladder and IV-MS 
was administered, the gallbladder was visualized in 29 pa- 
tients (64%). Thirteen of the 16 patients exhibiting non- 
visualization after IV-MS underwent operation; 12 had 
acute cholecystitis (9 acalculous, 3 calculous), and one 
did not have gallbladder disease. The remaining three pa- 
tients demonstrating nonvisualization of the gallbladder 
were not operated and recovered (considered false-posi- 
tives). Only one of the seven patients with preoperatively 
documented gallstones had acute cholecystitis. All 29 pa- 
tients with negative MC studies were true negatives. Visu- 
alization of the gallbladder occurred within 60 rain of the 
administration of IV-MS in all patients. Overall, there 
were 12 true positives, 29 true negatives, four false-posi- 
tive and no false-negative studies. Thus, MC had a sensi- 
tivity of 100%, a specific of 88%, a positive predictive 
value of 0.75, a negative predictive value of 1.0, and an 
overall accuracy of 91% (Table 2). 

There were no complications related to the use of in- 
travenous morphine documented in these patients. The 
majority of patients had received intravenous narcotics 
previously during their hospitalization. Prior exposure to 
intravenous morphine or other narcotics has not ham- 
pered the performance or interpretation of this test. 

Discussion 

Radionuclide cholescintigraphy has been valuable ad- 
junct in the diagnosis of acute cholecystitis. Non-visual- 
ization of the gallbladder after administration of a ra- 
dionuclide tracer is considered indicative of cystic duct 
obstruction and, therefore, felt to be diagnostic of acute 
cholecystitis. Initial reports using RC claimed a 98% 
accuracy and 100% specificity in symptomatic patients 
[9-12]. However, as the use and application of RC be- 
came more widespread, so have reports documenting less 
sensitivity, specificity, and accuracy in unselected patients 
with abdominal pain, especially those with alcoholism, 
prolonged fasting, pancreatitis, hepatocellular disease, 

critical illness, and those receiving total parenteral nutri- 
tion [13-16, 21]. These results have been improved with 
the use of delayed views [22]. 

Shuman et al. [15] reviewed their experience in 200 
hospitalized patients who were studied for cholestasis or 
acute cholecystitis. Of the 41 patients hospitalized for 
complications of alcoholism 60% and 92% of the 17 pa- 
tients receiving total parenteral nutrition demonstrated 
delayed or non-visualization of the gallbladder in the ab- 
sence of physical or clinical evidence of acute cholecysti- 
tis. Similarly, Warner et al. [16] reported gallbladder non- 
visualization in 18 of 50 patients [38%] who were fasting 
or received total parenteral nutrition and had no clinical 
evidence of acute cholecystitis. 

The reason that the gallbladder does not fill in these 
patients is unclear, but may be related to altered biliary 
dynamics. Gallbladder stasis, with reabsorption of water 
from the bile, may cause the gallbladder to become dilat- 
ed and filled with viscous, inspissated bile which simu- 
lates obstruction, preventing entry of the radionuclide in- 
to the gallbladder while maintaining flow through the 
common bile duct. Abnormal bile production due to 
hepatocellular dysfunction may also result in abnormal 
clearance of the Tc-99m IDA derivatives resulting in non- 
visualization of the biliary tree [13, 15, 16]. 

Injection of intravenous morphine sulfate causes con- 
traction of the sphincter of Oddi, which has been report- 
ed to produce up to a tenfold increase in resting common 
bile duct pressure [23]. In 1984, Choy et al. [17] reported 
the use of IV-MS (0.1 mg/kg) to promote gallbladder fill- 
ing in 59 unselected patients with a clinical diagnosis of 
acute cholecystitis who demonstrated nonvisualization of 
the gallbladder after 40 rain during routine RC. Diagnos- 
tic accuracy increased to 98% and specificity to 100%. 
They suggested that the morphine increased common bile 
duct pressure sufficiently to overcome the partial or func- 
tional cystic duct obstruction, resulting in a decreased in- 
cidence of false-positive (non-visualization) scans. These 
results were corroborated in an earlier report by Flanc- 
baum and Alden [19] involving 30 patients who under- 
went MC for acute abdominal pain and 13 patients hospi- 
talized for non-biliary tract disease who had factors asso- 
ciated with a high rate of false positive scans. In those pa- 
tients, the diagnosis of acute cholecystitis was reliably 
confirmed in 100~ and excluded in 90~ Thus, MC had 
a sensitivity of 97%, a specificity of 100%, a positive 
predictive value of 1, a negative predictive value of 0.94, 
and 98~ accuracy in that series. 

The incidence of acute cholecystitis appears to be in- 
creasing in critically ill patients. In these patients, where 
clinical findings are subtle and diagnostic tests non-spe- 
cific, a delay in diagnosis and a high mortality are the 
rule. Radionuclide cholescintigraphy has been falsely pos- 
itive in over one-third of critically ill patients with sus- 
pected acute cholecystitis [14]. In a preliminary report of 
18 critically ill patients with suspected biliary sepsis 
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Flancbaum et al. [18] found that MC reliably excluded 
the acute cholecystitis in 17 patients. The remaining pa- 
tient demonstrated persistent non-visualization after IV- 
MS and had acalculous cholecystitis. Since then, the 
number of  critically ill patients evaluated for occult sepsis 
with MC has been increased to 45. All had clinical find- 
ings suggestive of  a biliary source; seven had sonograph- 
ically documented gallstones. Following administration 
of IV-MS, the scan demonstrated gallbladder filling in 29 
patients, none subsequently proved to have acute chole- 
cystitis. There were 16 patients who had persistent non-vi- 
sualization after MC; 12 had acute cholecystitis at opera- 
tion (9 calculous, 3 acalculous). One patient did not have 
acute cholecystitis at operation (false positive), and 3 pa- 
tients with non-visualization were treated medically and 
improved (also considered false positives). 

Of  interest is the observation that only 3 of 7 patients 
with gallstones had acute cholecystitis. Cholestasis, 
hepatic dysfunction, and jaundice, are common in these 
patients and may not be due to the presence of gallstones 
or obstruction. Thus, in this group of patients with acute 
cholecystitis, the presence of gallstones may be an inci- 
dental finding, with the etiology and pathogenesis of  the 
acute cholecystitis being that of  acalculous cholecystitis. 

There are limitations to the interpretation of these re- 
sults. This is a retrospective study and pathologic data are 
only available on those patients who underwent surgery. 
The designation of patients as "true negatives" was based 
upon the resolution of their clinical symptoms with 
medical management  or the determination of a definitive 
alternate etiology for their set, sis. Because acalculous 

cholecystitis has-l~een associateci with a high incidence of 
gangrene, up to 50%, in previous series [1-7] ,  we feel 
that it is unlikely that any of the patients classified as 
"true negatives" had acalculous cholecystitis and im- 
proved on antibiotics alone, in the absence of cholecystec- 
tomy or cholecystostomy. In addition, all patients with 
persistent non-visualization of the gallbladder after mor- 
phine augmentation were considered "false positives", 
based upon the same assumption that they would not 
have recovered with antibiotic treatment alone. 

Given the limitations discussed above, the use of  MC 
improved the overall diagnostic accuracy of RC in this 
group of critically ill patients from 4 5 -  50% reported in 
the literature to 91%. There were only 4 false-positive 
studies, yielding an overall positive predictive value of 
0.75 and a negative predictive value of 1.0, with a sensitiv- 
ity of  100% and a specificity of  88%. MC reduced the 
false positive rate with standard RC from 3 5 - 5 0 %  re- 
ported in the literature [13-16],  and as would have been 
seen in this series, 73% (33 out of  45 cases), to 12%. The 
positive predictive value was improved from 0 to 0.75, and 
the negative predictive value improved from 0.8 to 1.0. 
Additionally, the gallbladder filled by 1 h after IV-MS ad- 
ministration in all 29 patients who eventually visualized, 
eliminating the need for delayed views and prolonged 
stays in the radiology department for the sicker patients. 

These results suggest that MC is a useful technique in 
critically ill patients with suspected acute cholecystitis. It 
is particularly helpful in excluding the diagnosis in those 
patients who are fasting, receiving total parenteral nutri- 
tion, or have documented gallstones. 
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