
nificant contraction of the sphincter of Oddi. This, in turn,
causes an increase in the intraductal pressure and forces the
bileflowfromthecommonbileductintothegallbladderlithe
cystic duct is patent. For this reason, morphine-augments
tion has been used as an alternativeto delayed imagingto
shorten the total imaging time requiredto diagnose acute
cholecystitis (3). The entire study can be terminatedin 90
mhi in contrast to the 4 hr or more with delayed imaging.
Previous studies of patientswith suspected acute cholecys
titis have indicated that the morphine-augmentation is as
useful as, or more useful than, delayed imaging (3â€”8).

However, anothercomparison of the efficacy of the two
techniques would appear warranted for several reasons.
First, most investigators did not compare the two tech
niques in a single series using comparable patient popula
tions. Second, the reported efficacy of morphine-augmen
tation is based primarilyon study designs which excluded
cases of early gallbladdervisualization without morphine
(4â€”9),while most delayed imagingprotocols included these
cases. Third, some concerns have been raised about false
negative morphine-augmented studies which need to be ex
amined (10,11). The consequences of a false-negative study
can be grave if the result is delayed surgical intervention.

Our preliminary data indicated that morphine-aug
mented cholescintigraphywas superiorto delayed imaging
in terms of the specificity and the positive predictive value
for the diagnosis of acute cholecystitis (12). In this report,
we have expanded our sample size significantlyto measure
the efficacy of the two techniques, particularlyregarding
their negative-predictivevalue (NPV) and positive-predic
tive value (PPV). We have also reviewed the literatureon
morphine-augmentation(3â€”9)and conventional imaging
(1,3, 13), and the data, which excluded cases with early
gallbladdervisualization, were reanalyzed.

MATERIALS AND METHODS

p@
Hepatobiiaiy scans performedover a 20-mo period were re

viewedintheirentiretyforthisreport.Scanswereexcludedfrom
the analysis if they were performed to evaluate a disease other
thanacutecholecystitis,or if therewas no evidenceof biliary
excretion due to profound hepatocellular dysfunction or cholesta
sis. The final sample consisted of 306 studies.

Morphine-augmentedradionuclidehepatobiliaryimaginghas
beenusedasanalternativetodelayedimagingforthediagnosis
ofacutecholecystitis.Previousstudieshaveindicatedthatthe
morphine-augmentationis as useful as, or more useful than,
delayedimaging.A carefulcomparisonoftheefficacyofthe two
techniquesappearswarrantedbecause:(1)mostearlystudies
did notcomparethe efficacyof the two techniquesin a single
reportusingcomparablepatientpopulations;(2) the reported
efficacyof morphine-augmentationis basedpnmarilyon study
designswhichexdudedcasesof earlygallbladdervisualization
withoutmorphine,while most delayedimagingprotocolsin
eludedthese cases;and (3) therewere concernsaboutthe
potentialconsequencesof a false-negativemorphineexamina
tion.This studycomparedthe efficacyof morphine-augmenta
tionwithdelayedimaginginthosecasesinwhichthegallbladder
wasnotvisualizeddunngthefirsthourofstudy.Of306consec
utive patients who were scanned to rule out acute chOIeCyStitIS,
thegallbladderwasvisualizedwithin1 hrin215cases.Inthe
remaining91 cases,46 patientshal delayedimaging(17true
positive, 10 true-negative, 19 false-positive and 0 false-nega
tive),and 45 hadmorphine-augmentation(24true-positive,15
true-negative,4 false-positiveand 2 false-negative).The data
indicatethatdelayedimaginghasa significantlylowerspecificity
and positive-predictivevaluefor acutecholecystiuisthan mor
phine-augmentationand a slightly higher (statisticallyinsignifi
cant)sensitMtyandnegative-predictivevalue.Theseresultsap
peartobesupportedbya reanalysisofthedatathathasalready
beenreportedin the literature.

J NuciMed1993;34:1866-1870

holescintigraphy is currently considered the proce
dureof choice for diagnosingacute cholecystitis. However,
conventional imagingprotocols frequently require delayed
imagingfor up to 4 hr postinjectionof the radiotracer(1), or
even up to 24 hr in patientswith severe intercurrentdisease
(2), to achieve a sufficiently high level of accuracy.

The intravenousadministrationof morphineresultsin sig
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@1?FPThFNPPVNPVVisualization

within 1 hr(n =215)210598%Nonvisualizationbylhr(n=91)Dl

(n= 46):36 Nonvis:
lOVis:171910047%100%MA(n=45):28NonvIs:

l7Vis:24415286%88%@1is

= visualization;Nonvis= nonvlsuallzatlon;Dl = delayedImaging;andMA= morpl** augmentation.

TABLE I
GallbladderVisualizationScanResults

ImagIng Protocol
About 185 MBq (5 mCi) of @Tc-dilsopropy1-iminodiacetic

acid(DISIDA)wereadministeredintravenouslyto eachpatient.
Sequential images of the abdomenwere obtained for 5 mm each
with a dynamic acquisition protocol on a scintillation camera
equippedwith a low-energy,all-purpose,parallel-holecollimator
linked to a digitalcomputer.

If the gallbladderwas not visualized within 60 min, in spite of
the presence of radioactivebile in the common bile duct and the
small bowel, 0.04 mg/kg of morphine sulfate was injected intrave
nously over 3 mm followedimmediatelyby the administration
with an additional 74 MBq (2 mCi) of @â€œFc-DISIDA.Planar
images were acquired for another 30 mm. If the gallbladder could
stillnotbe visualized,thefindingswereinterpretedas mostcon
sistent with acute cholecystitis.

Statistical Analysis
The efficacy of the two techniques was comparedwith either

the chi-squareor Fisher's exact test, dependingon the frequency
in the cells of each contingency table. The method that was used
to recalculatethe PPV and NPV frompreviously reportedstudies
of delayed imagingis documented in the Appendix.

RESULTS
Gallbladder VisualIzation Within One Hour

In 215 patients, the gallbladderwas visualized within the
first hour of study (Table 1). The medical records of these
patients were reviewed. Five of these 215 patients had
acute cholecystitis confirmed by postsurgical histoÃ§@ithol
ogy. The other 210 patients had a variety of abdomi@ial or
pelvic disorders. Therefore, the NPV of early gallbladder
visualization was 98% in this population.

Delayed ImagIng
The gallbladder was not visualized within 1 hr in 91

patients (Table 1). Delayed images were obtained in 46
patients between 3 and 24 hr after injection. The final
diagnosis was confirmed by postsurgical histopathology in
31. The final diagnosis was eventually made based on chin
ical follow-up and outcome data in the remaining 15 pa
tients, which included serial physical examinations, re
peated laboratory assays and other imaging procedures.

Of the 46 patients who underwent delayed imaging, the
gallbladder was eventually visualized in 10. None of these
10 patients, including two who went to surgery anyway,

hadacute cholecystitis (NPV = 100%).01 the remaining36
patientswith persistent nonvisualizationof the gallbladder
on the delayed views, 29 had surgery; Seventeen had acute
cholecystitis and 12 did not. Follow-up showed that the
remaining seven patients with persistent nonvisualization
did not have acute cholecystitis either. The PPV calculated
only from the 29 patients who had surgery is 59% (17/29).
The PPVcalculatedfromthe 36 patients,inchudingthe seven
who did not have surgery, was 47% (17136).Oithe 19 patients
with false-positivestudies, 14 had chroniccholecystitis, one
hadgranulomatouscholecystitis, one had sclerosingcholan
gitis and three had nonbiliaiy abdominal diseases.

Morphine Augmentation
There were 45 patientswho received morphineafter the

first hour of imaging (Table 1). The final diagnosis was
confirmed by postsurgical histopathology in 33. The final
diagnosis was made on clinical grounds in the remaining 12
patients.

In 17 of these 45 patients, the gallbladderwas visualized
within 30 min of the morphine injection. Five of these 17
patients had surgery, but only one of them was found to
have acute cholecystitis. The final diagnosis was made
medically in the remaining 12, one of whom had acute
cholecystitis. Therefore, two of the 17 patients had acute
cholecystitis (NPV = 88%).

All 28 of the patients without visualization of the gall
bladderwithin 30 min of the morphineinjectionunderwent
surgery. Of these, 24 had acute cholecystitis and 4 did not
(PPV = 86%). Three of the four patients with a false
positive study had chronic cholecystitis. The other patient
had a cholangiocarcinomathat obstructed the cystic duct.

In the two patientswith false-negative examinations, the
gallbladder was visualized within 10 min of the morphine
administration. No relationships were found between the
time it took to visualize the gallbladderaftermorphineand
the final diagnosis.

The results of our series are summarized in Table 1. In
synopsis, when the cases with gallbladder visualization
within 1 hr are excluded, delayed imaging has a signifi
cantly lower PPV for acute cholecystitis than morphine
augmentation (47% versus 86%, p = 0.0015). When the
analysis was confined exclusively to the patients who un
derwent surgery, the PPV was 59% versus 86%, p = 0.02.
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Authors No.ofcasesAC%SenSpcPPVNPVWeissmann

at al. (1)13887%97.5%94%99%84%Choy
atal.(3)3080%100%33%86%100%Mauro
at al. (13)3376%100%50%86%100%Total

20185%98%71%95%88%Total*
20149%*98%71%7@%*974%**R@J@J@

PpVandNPVusing49%AC%.AC%
= percent of patientswithacute cholecystitis;Sen = sensltMtyandSpc= specificity.

AuthorsNo. ofcasesAC%SenSpcPPVNPVChoy

atal.(3)3667%96%100%100%92%Keslar
at al.(5)3162%100%83%90%100%Vasquez

at al.(6)3933%100%85%76%100%F@ancbaum
atal.(7)6843%97%95%93%97%Fink-Bennett

at al.(8)6161%95%96%97%92%Fig
atal.(9)4833%94%69%60%96%Total28349%96%87%87.5%96%See

Table2 fordefinitions.

TABLE 2
Efficacyof DelayedImaging

There was no statistically significantdifference in the NPV
of the two techniques (100%versus 88%, p = 0.39). Most
of the patients in whom the gallbladderwas visualized did
not have an operation, as has been the case in most prey
ous reports. There was not enough statistical power to
calculate a NPV for these few subjects.

Uteraturâ€¢Revlaw and Analysis
Delayed Imaging. When cases with early GB visualiza

tion were excluded from the analysis, there was a total of
201 patients who had delayed imaging in three previous
reports (1,3, 13). Of these patients, 170 (85%: range 76%â€”
88% in each report) had acute cholecystitis. There were
167 true-positive (TP), nine false-positive (FP), 22 true
negative (TN) and three false-negative (FN) studies, for an
overall sensitivity of 98% (97%â€”100%),a specificity of 71%
(33%-94%), a PPV of 95% (86%-99%) and a NPV of 88%
(84%â€”100%)(Table 2).

Morphine-Augmentation. Data presented in six reports
were analyzed (3,5â€”9).Of a total of 283 patients with mor
phine-augmentation, 138 (49%: range 33%â€”67%in each
report)had acute cholecystitis. There were 1331?, 19 FP,
126TN and 5 FN studies, for an overall sensitivity of 96%
(range: 94%â€”100%),a specificity of 87% (69%â€”100%),a
PPv of 87.5%(60%-100%)and a NPV of 96%(92%-100%)
(Table 3).

DISCUSSION

A previous review suggested that the sensitivity and
specificity of cholescintigraphy may be as high as 94%-

100%(1). However, delayed imaging is required to achieve
this level of accuracy (1,2). Delayed imaging can be logis
tically inconvenient and potentially disadvantageous to the
patient, and may not be feasible in some clinical settings.
Furthermore, the efficacy of delayed imaging alone (ex
cluding cases with early gallbladdervisualization) has not
been independently evaluated.

Morphine augmentationappears to be a useful alterna
tive to delayed imaging (3â€”8).However, only one of the
seven morphine reports that we reviewed compared the
efficacy of the two techniques directly (3). In this particular
study, delayed imaging was carried out for only 2.5 hr, and
the rateof acute cholecystitis was 80%in patientswho had
delayed aging. This rate is higher than the frequency of
acute cholecystitis in the six other morphineaugmentation
studies we re viewed. This may be only one of several
reasons why an al ternative comparison of the two tech
niques seems necessaiy.

The NPV for visualization within 1 hr was 97.7% (210/
215) in our sample, which is essentially identical to 98.1%
(155/158) from the data reported by Weissmann et al. (1).
Our data also indicate that the sensitivity and NPV of
delayed imaging are excellent, even when patients whose
gallbladdervisualized within 1 hr are excluded. We feel
that one reason there were no false-negatives in our de
layed imaging group was related to the small number of
patients in that subsample.

On the other hand, the specificity and PPV of delayed
imaging were surprisingly poor in our patient population.

TABLE 3
Efficacyof MorphineAugmentation
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This may be due in part to the fact that there were a large
number of patients with chronic cholecystitis in our sam
ple. Most patients with false-positive results were found to
have chronic cholecystitis. Many cases of acute cholecys
titis may be erroneously classified as chronic ilstrict patho
logic criteria (e.g., transmuralinflammatorychanges), are
employed instead of more liberal criteria (e.g., intimal in
ifitration), which, in turn, may alter the apparent efficacy of
the test (14). However, this may not have been an issue in
this sample because the pathologists in our institutionused
liberal criteria. Therefore, the large number of patients
with chronic cholecystitis in our sample appears to have
been a real finding.

Combining the data from the morphine studies in the
literature produced a lower PPV (87.5% versus 95%), and
a higherNPV (96%versus 88%)thanthe PPV andthe NPV
calculated from the three conventional delayed imaging
studies. This observation seems inconsistent with our re
sults, which showed a higherPPV, and a lower, but statis
tically insignificant, NPV for morphine augmentation.
However, it must be noted that the patient populations in
the two combined series were considerably different (Ta
bles 2 and 3). An average of 49% of the patients in the
morphine protocols had acute cholecystitis, compared to
85%of the patients in the delayedimagingstudies. In our
series, acute cholecystitis was present in 17 of the 46 pa
tients (37%)in the delayed imaginggroup, and 26 of the 45
patients (58%) in the morphine group. The frequency of
acute cholecystitis in both of our study groups was within
the range found in the morphine protocols (33%â€”67%).

When the prevalence of a disease varies substantially in
two groups of patients being tested with differentmethod
ologies, measurements of sensitivity and specificity pro
vide a more accurate description of test efficacy than the
predictive values. The sensitivity of morphine augmenta
tion that was calculated from the previous reports was
similar to the sensitivity calculated from the previous re
ports of delayed imaging (96% versus 98%, p = 0.25). The
specificity of morphine augmentation was significantly
higher (87% versus 71%, p = 0.028).

An alternative approach for comparing the PPV and
NPV in this situation is to apply the same disease preva
lence to two techniques. If only 49% (prevalence in the
morphine group) of the patients in the delayed-imaging
group are assumed to have acute cholecystitis instead of
85% (prevalence in the delayed imaging group), and a sen
sitivity of 98% and a specificity of 71% of the delayed
imaging techniques are applied, the PPV and NPV of de
layed imagingbecome 76%and 94%, respectively, instead
of 95%and 88%(see Appendix and Table 3). This recalcu
hatedPPV is, althoughnot as low as the value in our series,
still significantly lower than the 87% PPV of morphine-aug
mentation(p = 0.014). The recalculatedNPV varies by less
than 2% from the 96% NPV of morphine-augmentation (p =
0.50).Thesefindingsareconsistentwithourresults.

CONCLUSION
Our findings appear to agree with previous reports that

have suggested that gallbladdervisualization within 1 hr
has a very high negative predictive value for acute chole
cystitis (1). However, nonvisualization on the delayed im
ages appears to be a nonspecific finding. We have found
that morphine-augmentationcan be quite helpful in these
cases. It seems to have a reasonably good PPV that is
significantly better than that of delayed imaging. Our cx
panded series failed to show a statistically significant dii
ference between the NPV of morphine-augmentationand
that of delayed imaging. These results appear to be sup
ported by a reanalysis of previous reports in the literature,
although an even larger series comparing the NPV of the
two techniques might be even more useful.

APPENDIX

When the entire population is defined as 1,

TP+TN+FP+FN= 1,

Prevalence= patients with disease,

(1 â€”Prevalence)= patientswithoutdisease.

Then,TP,TN, FP, andFN canbe expressedas:

TP = Prs' X Sen,

TN=(1 â€”Prv)xSpc,

FN=Prvx(1 â€”Sen),

FP=(1 â€”Pzv)x(1â€”Spc),

whereSen = sensitivity,Spc = specificityandPry= prevalence.

and

TP Piv x Sen

PPV=TP+FP=PIvx(Sen+Spe_l)_Spe+l

TN (1â€”Prv)xSpc

NPV=Th+@=@,x(lSeflSpe)+Speâ€¢
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(confinuedfrom page 7A)

PURPOSE
A 46-yr-old diabeticmale was admittedwith
progressivemyositis.Whileinthehospital,hehad
massive gastrointestinal bleeding. At laparotomy, the
colonwasfoundtobe necroticanda totalcolectomy
was performed.Postoperatively,the patientbecame
febnleandinfectionofthe surgicalwoundwas
identified,which requiredopening the incision.
Although wound infection was assumed to be the cause
ofthe pyrexia,anâ€œIn-WBCstudywasperformedto
rule out an intra-abdominal abscess. Images of the
abdomenandpelvisobtainedatboth3 hrand24 hr
showeda large,verticallyorientedâ€œhourglass-shapedâ€•
area ofuptake in the midline and a smaller area of
uptakein the right lowerquadrant
(Fig. 1). On examining the patient,these findings
correlatedto a largesurgicalwoundthathadbeenleft
openforhealingby secondaryintentionto theileostomy
opening (Fig. 2). No other foci ofuptake were identified
to suggestintra-abdominalabscess.

TRACER
Indium-i1l-WBCs, 600 MCi.

ROUTE OF ADMINISTRATION
Intravenous injection.

TIME AFTER INJECTION
3 and 24 hr.

INSTRUMENTATION
Gamma camera.

CONTRIBUTORS
Einat Evin-Sapir and Robert H. Martin

INSTITUTION
Division ofNuclear Medicine, Departmentof
Radiology, Victoria General Hospital, Halifax, Canada.

FIGURE 2.
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