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Abstract. This work attempts to assess the diagnos- 
tic accuracy of ultrasound for acute cholecystitis 
in 98 clinically suspected patients from the emer- 
gency unit in whom at least 3 of 6 relevant criteria 
are present. Gallbladder distention to 5 cm or 
more transversely or in the anterior-posterior axis 
(criterion 1) was present in 64 patients; thickening 
of the gallbladder wall of at least 5 m m  (criterion 
2) in 95; cholelithiasis (criterion 3) in 86; sonolu- 
cent halo in the gallbladder wall (criterion 4) in 
40; sonolucent fluid band surrounding the gall- 
bladder (criterion 5) in 27; and intraluminal echo- 
genic mass with no posterior acoustic shadow (cri- 
terion 6) in 35. A diagnostic accuracy index, cor- 

�9 rected for chance, was statistically and clinically 
more relevant with 3 as the minimum number  of 
criteria for the ultrasonic diagnosis of acute chole- 
cystitis. 
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Modern  ultrasound (US) examination of the gall- 
bladder is an effective tool in the diagnosis of  acute 
cholecystitis (AC), especially when used on pa- 
tients admitted for emergency surgery [1-4]. Cho- 
lescintigraphy (CS) and US are the first diagnostic 
imaging modalities that should be used [5, 6]. Only 
when ultrasound and scintigraphic signs are unsat- 
isfactory or equivocal [7] would it be necessary 
to perform computed tomography (CT). 

With the new real-time scanners, US examina- 
tion of the gallbladder has become an area of great 
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clinical development. Real-time scanners permit 
quick and easy visualization of the gallbladder in the 
majority of patients. Calculi approximately 1 m m  in 
diameter can be imaged under ideal circumstances 
[8]. Acute cholecystitis usually results from ob- 
struction of the gallbladder neck, with subsequent 
infection. The gallbladder therefore appears abnor- 
mally distended and spherical in shape and the 
gallbladder wall is edematous and thickened [9]. 
All these features, including the obstructing calcu- 
lus, can be imaged by US and may be extremely 
valuable in correctly establishing the diagnosis. 

Nevertheless, the precise US signs necessary for 
an accurate differential diagnosis of AC are still 
not defined. To make the correct therapeutic de- 
cisions in emergency conditions, we strove to es- 
tablish the diagnostic value of US signs depending 
on the min imum number  of signs present, regard- 
less of their nature. 

Material and Methods 

Ultrasonic confirmatory studies were performed over 
14 months on 98 patients from the emergency care unit who 
were clinically suspected of having AC (upper abdominal pain, 
fever, and leukocytosis). Of these patients, 69 were men and 
31 were women, aged between 31 and 89 years (mean, 69). With 
3 or more of 6 criteria, the diagnosis was confirmed in the 
majority of cases. These criteria of ultrasonic signs were 
(Figs. 1, 2): (1) gallbladder distention to 5 cm or more trans- 
versely or in the anterior-posterior axis; (2) thickening of gall- 
bladder wall to 5 mm or more; (3) cholelithiasis; (4) sonolucent 
halo in the gallbladder wall; (5)fluid sonolucent band sur- 
rounding the gallbladder; (6) intraluminal echogenic mass. 

The true condition (definitive diagnosis) was determined 
in all patients by surgery and pathologic examination. 

The ultrasonic examinations were performed on linear elec- 
tronic real-time equipment with a transducer frequency of 
3.5 MHz. Cross-sections were made transversely, longitudi- 
nally, and obliquely, with the patient lying on his or her left 
side. 

The standard indices of sensitivity, specificity, and positive 
and negative predictive value [10, 11] were calculated for every 
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Fig. 1. Acute cholecystitis with empyema and calculi (3 criteria). Thickening of the gallbladder wall with focal sonolucent halo 
into it (+);  intraluminal echogenic mass (arrow) with no posterior acoustic shadow corresponding to empyema. L, liver. 

Fig. 2. Acute cholecystitis with pericholecystitic abscess and calculi (4 criteria). A Calculi (c) with acoustic shadow (s); L, liver. 
B Liquid band surrounding the gallbladder wall (arrow) corresponds to pericholecystitic abscess in this case. Note the distended 
gallbladder and thickening of the gallbladder wall. 

minimum number of exigible criteria (MNC) present (6 possibil- 
ities). 

Cohen's kappa (K) [12, 13] was used to assess the observed 
test results (with every MNC) corrected for those expected by 
chance and was tested for its statistical significance against 0 1 
by the normal standard critical ratio (z) with a confidence level 2 
set at 0.95 (p<0.05). 3 

The ROC curve (Fig. 3) was devised to improve the de- 4 
cision analysis on the more recommendable MNC, according 5 
to the criteria of McNeil et al. [14]. 6 

Table 1. Frequency distribution of relevant US criteria 

Criterion number Patients (N= 98) 

64 
95 
86 
40 
27 
35 

Results 

F r e q u e n c y  d i s t r ibu t ion  by  cr i te r ion  n u m b e r  is 
s h o w n  in Tab le  1. 

D i f fe ren t  results  in the test a c c u r a c y  are  ob-  
t a ined  a c c o r d i n g  to  the M N C  used  (Table  2). 
W h e n  the M N C  increases,  the sensi t ivi ty decreases  

(especially over  3 cri teria)  a nd  the  specifici ty in- 
creases,  as does  the pos i t ive  predic t ive  value.  H o w -  
ever, the nega t ive  predic t ive  value  is m a x i m u m  
(0.5) at  3 M N C .  

The  d iagnos t i c  a c c u r a c y  o f  the test (Po) was  
never  ve ry  high,  a n d  co r rec t ing  the values  fo r  
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Fig. 3. An ROC curve. The minimum number of criteria used 
to intake a decision is indicated at each point. FP ratio, false- 
positive ratio (specificity). TP ratio, true-positive ratio (sensitiv- 
ity). 

Table 3. Frequency distribution of the number of criteria present 

Number of criteria Frequency 

1 a 3 b 
2 c 9 a 
3 34 e 
4 37 f 
5 12 
6 3 

Total 98 

a Implicated criterion 2 or 3. 
b Implicated criterion (in combination of two) 1, 2, 3, or 6 

(never 4 or 5). 
Doubtful surgical confirmation in 2 cases; the most unfavor- 
able solution is to be preferred and they are taken as false 
negatives. The other case is a true negative without gallblad- 
der pathology, but the patient underwent emergency surgery 
following clinical symptoms (see text). 

d Emergency surgery was undertaken in 3 of 4 false negatives 
because of clinical symptoms and/or the magnitude of the 
criteria present. Five true negatives had chronic cholecystitis. 
Chronic choleeystitis with calculi in 5 and carcinoma in 
1 false positive, 

f Chronic cholecystitis with calculi in 3 and carcinoma in 
I false positive. 

Table 2, Evaluation of the ultrasonic diagnosis of acute cholecystitis depending on the minimum number of criteria (MNC) 
present 

MNC TP FP FN TN Sensitivity Specificity PPV NPV Po x S.eo(~C) Z 

1 82 16 0 0 1.000 0.000 0.837 und~er. 0.837 0.000 - 
2 80 15 2 1 0.976 0.063 0.842 0.333 0.8027 0.057 0.0700 
3 76 10 6 6 0.927 0.375 0.884 0.500 0.837 0.336 0.0996 
4 48 4 34 12 0.585 0.750 0.923 0.261 0.612 0.191 0.0777 
5 15 0 67 16 0.183 1.000 1.000 0.193 0.316 0.068 0.0366 
6 3 0 79 16 0.037 1.000 1.000 0.168 0.194 0.012 0.0158 

m 

0.809 (NS) 
3.369 (p < 0.005) 
2.459 (p<0.02) 
1.860 (NS) 
0.777 (NS) 

Prevalence rate of acute cholecystitis (TP + FN) = 0.837. 

TP, true positives; FP, false positives; FN, false negatives; TN, true negatives; PPV, positive predictive value; NPV, negative 
predictive value; P0, observed proportion (test results); x, Cohen's Kappa; s'eoOc), standard error of Kappa; Z, critical value 
of the normal standard distribution; (NS), nonsignificant; (p), probability of first-kind error. 

chance (K) lowered them to a great extent. Kappa 
was not statistically significant for MNC equal to 
1, 2, 5, or 6, and the highest degree of agreement 
between test results and true condition is when 
MNC equals 3. The final decision was taken with 
3 as the MNC. 

False positives (10.2%) correspond to diag- 
noses of chronic cholecystitis or carcinoma. False 
(6.1%) and true negatives (TN) were also assessed 
using the magnitude of clinical symptoms and/or 
the present criteria, reducing false negatives (FN) 
to 3.0% for practical purposes, but increasing 
slightly (1 more case) false positives (FP) to 11.2% 
for surgical purposes. Table 3 shows the frequency 

distribution of the number of criteria present. The 
final diagnosis and outcome for FP, FN, and TN 
are detailed together with some other comments. 

The ROC curve (Fig. 3) shows the relation be- 
tween sensitivity and specificity (1-FP ratio). The 
greatest sensitivity is recommendable here, since 
a FP does not result in an erroneous therapeutic 
decision, while a FN entails a serious vital compro- 
mise [15]. 

Nevertheless, no surgical intervention or elec- 
tive surgery is preferred over emergency surgery 
because of the lower surgical risk of the former. 
The higher the risk, the more the specificity is to 
be considered. 
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Discussion 

The sensitivity and specificity of US in suspected 
AC were 81.4% and 60.2%, respectively, in 1 se- 
ries, with a positive predictive value of 51.6% [16]. 

By CS, the specificity and sensitivity were re- 
ported to be as high as 99.2% and 95.2%, respec- 
tively [17, 18] but the examination is normal in 
the majority of cases of chronic cholecystitis; only 
the delayed filling of the gallbladder at 1 and 4 h 
is a useful indicator [10]. In general, US is more 
sensitive than CS in the study of gallbladder pa- 
thology, since it more easily differentiates between 
acute and chronic cholecystitis and demonstrates 
the presence of  calculus [6]. At the same time, US 
can detect signs of complications associated with 
acute cholecystitis [3]. 

Computed  tomography uses similar diagnostic 
criteria for AC but in many cases studies must  
be made before and after intravenous injection of 
the contrast medium [19]. Diagnostic reliability is 
very similar to that of US, al though there are tech- 
nical disadvantages since CT is a slower and more 
costly examination than sonography. The possibil- 
ity of carrying out sonographic examination with 
a portable unit at the patient 's bedside coupled 
with the high diagnostic reliability and low cost 
of this examination mean that  US should be used 
as a preliminary visual study in patients suspected 
of having AC. 

If  we look at the frequency of each ultrasonic 
criterion (Table 1), we observe that distention of 
the gallbladder (criterion 1) is not a constant (64 
patients), probably because it depends on when 
the diagnosis of AC is made. Thickening of the 
gallbladder of 5 m m  or more (criterion 2) was pres- 
ent in 95 patients. Apart  f rom the relevance of  this 
sign, it is necessary to recognize its slight specificity 
in AC; it can be found in other pathologic condi- 
tions [20, 21]. Chronic cholecystitis may cause 
thickening of the gallbladder wall, al though this 
usually occurs in an abnormally small gallbladder 
[22 24]. 

Cholelithiasis (criterion 3) was present in 86 
patients. To consider its specificity for AC as a 
diagnostic tool is not  recommendable because it 
also occurs frequently in chronic cholecystitis, and 
is routinely encountered in the general population.  
Certainly, calculi are the main cause of gallbladder 
obstruction but they are not always imaged by US, 
especially when they are small or hidden by the 
neck shadow. In fact, 8 of  10 false-positive findings 
had chronic cholecystitis due to calculi (the other 
were gallbladder carcinomas), and 3 of 6 patients 
with false-negative findings had no calculi. Lithia- 

sis, when present alone, calls for elective surgery; 
emergency surgery is only justifiable because of 
its lower cost and if similar risk could be war- 
ranted. 

We consider criteria 4, 5, and 6 as major signs 
of AC complications; they are found in lower pro- 
portions (40, 27, and 35 patients, respectively) than 
criteria 1-3. As for gallbladder distention, its 
presence depends on the time of evolution of the 
inflammatory disease and its early diagnosis. How- 
ever, overemphasis of  those criteria in order to es- 
tablish the presence of AC, particularly perichole- 
cystitis and empyema (criteria 5 and 6), al though 
a tentative policy, is not likely to improve the accu- 
racy of the test without adding more complexity. 
Criteria 4, 5, and 6 were usually found with 2 or 
more other criteria, except for 3 patients with only 
criteria 2 and 6. For these negative test results, 
it is useful to consider the relative relevance of 
empyema. 

In general, the earlier the surgery, the lower 
the risk of perforation and mortality in patients 
with AC; a more sensitive test will thus decrease 
this risk. Current assessment of clinical signs (up- 
per abdominal pain, fever, and leukocytosis, with 
or without Murphy's  sign) has a high sensitivity 
and is a screening test for suspected AC. 

This condition needs to be confirmed systemat- 
ically because in some cases elective surgery would 
be preferred (less surgical risk) and in some excep- 
tions a clinical follow-up would suffice. However, 
because a high sensitivity is still preferred over 
specificity, the test will serve as an exclusion test 
(the higher the negative predictive value, the better) 
in performing emergency surgery if AC is not ex- 
cluded. 

Unfortunately,  the highest global accuracy of 
the test (corrected for chance) is achieved when 
3 is the MNC. Although this is highly significant, 
it only represents a poor  to fair agreement beyond 
chance between the test results and true condition. 
To perform another confirmatory test, namely 
cholescintigraphy, will be then justified only on 
patients in whom US is not diagnostic. The possi- 
bility of testing the gallbladder function to improve 
the diagnostic value of the US technique could also 
be considered. Contractility of the gallbladder and 
patency of the cystic duct can be confirmed by 
US examinations before and after a fatty meal [25], 
as we recently tried with ceruletide, an available 
cholecystokinin-like decapeptide [26]. 
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