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Background: Ultrasonography (US) is the mainstay of biliary tract imaging, but few
recent studies have tested its ability to diagnose acute cholecystitis (AC). Our objec-
tive was to determine how well a US diagnosis of AC correlates with the intraopera-
tive diagnosis. We hypothesize that US underestimates this diagnosis, potentially
leading to unexpected findings in the operating room (OR).

Methods: This retrospective review included all patients admitted to the acute care
surgical service of a tertiary hospital in 2011 with suspected biliary pathology who
underwent US and subsequent cholecystectomy. We determined the sensitivity, spe-
cificity, positive predictive value (PPV) and negative predictive value (NPV) of US
using the intraoperative diagnosis as the gold standard. Further analysis identified
which US findings were most predictive of an intraoperative diagnosis of AC. We
used a recursive partitioning method with random forests to identify unique combina-
tions of US findings that, together, are most predictive of AC.

Results: In total, 254 patients underwent US for biliary symptoms; 152 had AC diag-
nosed, and 143 (94%) of them underwent emergency surgery (median time to OR
23.03 hr). Ultrasonography predicted intraoperative findings with a sensitivity of
73.2%, specificity of 85.5% and PPV of 93.7%. The NPV (52.0%) was quite low.
The US indicators most predictive of AC were a thick wall, a positive sonographic
Murphy sign and cholelithiasis. Recursive partitioning demonstrated that a positive
sonographic Murphy sign is highly predictive of intraoperative AC.

Conclusion: Ultrasonography is highly sensitive and specific for diagnosing AC. The
poor NPV confirms our hypothesis that US can underestimate AC.

Contexte : L’échographie est la pierre angulaire de I'imagerie des voies biliaires, mais
peu d’études récentes ont vérifié sa capacité de diagnostiquer la cholécystite aigué
(CA). Notre objectif était de déterminer dans quelle mesure le diagnostic écho-
graphique de la CA est en corrélation avec son diagnostic peropératoire. Selon notre
hypothese, I’échographie sous-estime ce diagnostic, ce qui pourrait entrainer des
résultats inattendus au bloc opératoire.

Méthodes : Cette revue rétrospective a inclus tous les patients admis en 2011 au service
chirurgical d’urgence d’un hépital de soins tertiaires pour une pathologie biliaire présumée
et qui ont subi une échographie, suivie d'une cholécystectomie. Nous avons déterminé la
sensibilité, la spécificité, la valeur prédictive positive (VPP) et la valeur prédictive négative
(VPN) de I'échographie, avec le diagnostic peropératoire comme base de référence. Une
analyse plus approfondie a permis d’établir quels parametres échographiques étaient les
plus prédictifs d’'un diagnostic peropératoire de CA. Nous avons utilisé la méthode de parti-
tionnement récursif avec foréts aléatoires pour recenser les différents parametres
échographiques qui, ensemble, permettent le mieux de prédire la CA.

Résultats : En tout, 254 patients ont subi une échographie pour des symptomes biliaires;
152 ont recu un diagnostic de CA et 143 ont subi une intervention chirurgicale d’urgence
(temps médian avant Iarrivée au bloc opératoire 23,03 h). L’échographie a permis de pré-
dire le diagnostic peropératoire avec une sensibilité de 73,2 %, une spécificité de 85,5 % et
une VPP de 93,7 %. La VPN (52,0 %) était plutot faible. Les parameétres échographiques
les plus prédictifs de la CA sont une paroi épaisse, un signe de Murphy échographique
positif et la cholélithiase. Le partitionnement récursif a démontré qu’un signe de Murphy
échographique positif est une solide prédicteur de la CA peropératoire.

Conclusion : L’échographie est hautement sensible et spécifique pour le diagnostic
de la CA. La pietre VPN confirme notre hypothese selon laquelle I’échographie pour-
rait sous-estimer la CA.

©2016 8872147 Canada Inc.



holelithiasis is a common finding, present in

10%-15% of the general population. Among

patients with cholelithiasis, 1%-4% will become
symptomatic per year.! Acute cholecystitis (AC) will
develop in up to 30% of these patients, with cholelithia-
sis being the inciting pathology in 90%-95% of cases.!?
Acute cholecystitis is one of the most common reasons
for emergency admission to general surgical services.**
A history of recurrent or unrelenting right upper quad-
rant pain, fever, nausea and vomiting along with phys-
ical examination findings of right upper quadrant ten-
derness, positive Murphy sign and an elevated white
blood cell (WBC) count are classic for AC.>* However,
patients often have a nonspecific presentation, where
the history and physical examination are insufficient to
establish the diagnosis.’® Imaging is therefore an
important part of the diagnostic process. Ultrasonog-
raphy (US) is the mainstay of biliary tract imaging, as it
is readily available, is inexpensive to perform and has a
high sensitivity and specificity for AC (81% and 83%,
respectively).2%!! However, there have been few recent
studies assessing its ability to diagnose AC.

Most published studies analyzing the diagnostic abil-
ity of US use the pathological findings as the definitive
diagnosis. Very few studies use intraoperative findings as
the gold standard. However, it is important to consider
the anticipated severity of disease and surgical difficulty,
as they may substantially impact operative plans, includ-
ing the operative time of day, availability of intraopera-
tive fluoroscopy for cholangiograms, surgical assistant
skill and even surgeon selection. Arguably, in the cur-
rent era of immediate cholecystectomy for AC, the
patient’s symptomatology and the intraoperative find-
ings are far more relevant to the treating surgeon than
the final pathological diagnosis.

Classically, AC was managed with conservative anti-
biotic therapy and interval cholecystectomy in the follow-
ing weeks. It was previously thought that the rates of com-
plications and conversions were higher in the acute
setting.!>!® Recently, there has been a paradigm shift away
from the classical approach toward immediate surgical
management. This is reflected in the recent Cochrane
review that concluded that early cholecystectomy is safe
and has the advantage of a shorter overall hospital stay.!*
The early approach is further supported by a new large
retrospective cohort study demonstrating decreased risk of
major bile duct injuries, death and shorter hospital stays
with early cholecystectomy.” Additionally, a multicentre
randomized controlled trial in 2013 confirmed decreased
morbidity, decreased length of hospital stay, and decreased
costs in the immediate cholecystectomy group (within
24 hr of admission).' In keeping with this, our institutional
practice has shifted to performing urgent cholecystectomy
(within 24-48 hr) upon admission of patients with AC
unless a patient’s anesthetic risk is deemed prohibitive.
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With the institution of acute care surgery in Win-
nipeg, Man., there was consolidation of emergency
surgery care in 3 hospitals. The Acute Care Surgical
Service (ACSS) is the largest acute care surgery service
in Winnipeg and was established at St. Boniface Gen-
eral Hospital (SBGH) in April, 2008. As a result of
regionalization of care, the ACSS saw a 221% increase
in patient volume after its inception.!” Included in this
expanded case volume was a 149% increase in biliary
tract disease and a 162% increase in AC. A surgeon
leads the ACSS team for a 7-day period from Monday
to Sunday, 8 am to 4 pm. A separate surgeon manages
the service overnight on home call. A dedicated resi-
dent team, generally with a single senior general sur-
gery resident and a varying number of junior resi-
dents, staff the ACSS for 4-week periods at a time. In
2011, the ACSS had a dedicated daytime operating
room (OR) during the week from 7:30 am to 4 pm.
The OR time was then shared with other surgical ser-
vices in the evenings and on weekends on a case prior-
ity basis.

The objective of our study was to determine how
well a US diagnosis of AC correlates with the intra-
operative diagnosis. We hypothesized that US under-
estimates the frequency and severity of AC in the
emergency setting, which could lead to unexpected
findings in the OR.

METHODS

Institutional and University of Manitoba ethics review
board approvals were granted before the study began.

Inclusion criteria

All patients who were admitted to the ACSS of a ter-
tiary hospital, SBGH, in 2011 were retrospectively
reviewed as a sample of convenience from a larger data
set evaluating Winnipeg’s ACSS patient outcomes.
Patients were included in the analysis if they were
admitted with suspected biliary pathology, underwent
diagnostic US and had a subsequent cholecystectomy.
Patients were suspected to have cholecystitis based on
a history of recurrent or unrelenting right upper quad-
rant pain; any combination of fever, nausea and vomit-
ing; a physical exam of right upper quadrant tender-
ness; positive Murphy sign; and an elevated WBC
count.”® Charts were identified according to diagnostic
codes for biliary tract disease and then selected by pro-
cedure code for cholecystectomy. Patients with sus-
pected or confirmed acalculous cholecystitis were
excluded from the analysis. Patients with AC diagnosed
using computed tomography (CT), magnetic resonance
imaging (MRI) or alternative imaging modalities were
also excluded.
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Ultrasound findings

Diagnostic abdominal US was undertaken upon presen-
tation with suspected biliary pathology. All US scans
were performed in the radiology department by a certi-
fied ultrasonographer and reported by a tertiary care
US radiologist. Features noted on abdominal US
included cholelithiasis, an immobile calculus or one
lodged in the gallbladder neck, pericholecystic fluid,
thick gallbladder wall (including the measured thick-
ness in millimetres), gallbladder distension, a positive
sonographic Murphy sign, intramural air and perfora-
tion.>®® The overall radiological impression or diagno-
sis was also recorded. Major US criteria used in our
institution to diagnose AC are the combination of cho-
lelithiasis (especially an immobile calculus), wall thick-
ening (> 3 mm) and a positive sonographic Murphy
sign.'®!” Minor indicators include pericholecystic fluid
and gallbladder distension. These criteria are locally
agreed upon among the US radiologist staff as there are
no universally accepted US diagnostic criteria. Intra-
mural air and perforation were considered indicators of
severe or complicated AC.

Intraoperative findings

All patients had an attempted laparoscopic cholecystec-
tomy. Intraoperative observations, methods and diag-
noses were taken from the dictated operative report.
For the purposes of this study, we defined a “difficult”
cholecystectomy as one where a retrograde or fundus-
down approach was used, a partial or subtotal chole-
cystectomy was performed, a drain was placed, a fifth
laparoscopic port was inserted, or conversion to open
cholecystectomy was required.

Statistical analysis

We determined the sensitivity, specificity, positive pre-
dictive value (PPV) and negative predictive value
(NPV) of US diagnosis using the intraoperative diag-
nosis as the gold standard. Further analysis identified
which individual US criteria were most predictive of an
intraoperative diagnosis of AC, of gangrenous AC and
a difficult operation. We compared the pathological
diagnosis from the official pathology report with the
US diagnosis for the correlation. Logistic regression
was used to analyze the effect of age, sex, body mass
index (BMI), diabetes, time to OR and degree of wall
thickness on US reliability using interaction terms,
which, if significant, would indicate that the reliability
of US for predicting AC was dependent on these fac-
tors. We used a recursive partitioning method with
random forests to identify unique combinations of US
findings that, together, are most predictive of AC.
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Recursive partitioning is a nonparametric modelling
approach that allows us to identify complex nonlinear
associations between sets of potential risk factors and
the dependent variable.?” This enables flexible explora-
tory modelling without any a priori distributional
assumptions, which may be important if risk factors
combine their effects in unexpected ways. We used the
party package of R version 3.0.2 to perform the recur-
sive partitioning and SAS version 9.3 (SAS Institute)
for all other analyses.

REsuLTS

In total, 254 patients were admitted to the ACSS and
underwent urgent abdominal US to investigate sus-
pected biliary symptoms; 152 patients received definitive
diagnoses of AC based on US, and 143 (94%) of these
patients underwent emergency surgery (median time to
OR 23.03 hr). The 9 patients with AC diagnosed US
who did not undergo a cholecystectomy were excluded
from the study cohort, leaving 245 patients who met the
inclusion criteria (Fig. 1).

Table 1 lists the demographic and clinical characteris-
tics of our study cohort. Of note, the majority of patients
were women (65.5%), and the mean BMI was 30.8.
Importantly, of the 245 patients who underwent chole-
cystectomy, the overall intraoperative complication rate

254 patients —
admitted after US

9 patients excluded —
AC on US, no surgery

245 patients US and
cholecystectomy

143 patients — AC 102 patients — no
on US (95%)* AC on US*
49 patients —
intraoperative
AC (48%)

Fig. 1. Flow of patients through the study. AC = acute cholecyst-
itis; US = ultrasonography. *Median time to the operating room
was 23.03 hours.



was low (3.3%). There were no bile duct injuries, 8
(3.3%) patients had intraoperative bleeding, and 9
(3.7%) patients experienced bile leaks necessitating a
postoperative endoscopic retrograde cholangiopancrea-
tography (ERCP). These bile leaks were all attributed to
cystic duct stump leaks on ERCP. Our conversion to
open rate was 1.1%, and the rate of subtotal cholecystec-
tomy was 7.8% (Table 1). Ultrasonography predicted
intraoperative findings with a sensitivity of 73.2%, speci-
ficity of 85.5% and PPV 93.7%. The NPV (52.0%) was
quite low. The 102 patients without signs of AC on US
underwent cholecystectomies for various pathology,
including biliary colic, choledocholithiasis, cholangitis
and gallstone pancreatitis. Those in whom biliary colic
was diagnosed on admission to the ACSS had an opera-
tive rate of 96.7%. Patients with biliary obstruction
(choledocholithiasis, cholangitis, gallstone pancreatitis)
had an operative rate of 60.3%. Of the 102 patients with
other biliary pathology who underwent a cholecystec-
tomy, 49 had intraoperative findings suggestive of AC
(false negative rate of 48.0%; Fig. 1). There were no
conversions to open cholecystectomy in this group. The
ability of US to predict intraoperative findings is summa-
rized in Table 2.

The intraoperative and pathological diagnoses of AC
correlated 65.7% of the time. However, when acute and
chronic cholecystitis were combined as a diagnosis of
“cholecystitis” and compared with a combined pathological
diagnosis of “cholecystitis,” the correlation was 95.7%.
The intraoperative diagnosis underestimated the patho-
logical diagnosis of “cholecystitis” 4.3% of the time.

The individual US indicators most predictive of AC
were cholelithiasis (sensitivity 90.0%, specificity 4.6%,
PPV 75.3%, NPV 12.5%), a thickened gallbladder wall
(sensitivity 71.4, specificity 72.3, PPV 89.3%, NPV
43.9%) and a positive sonographic Murphy sign (sensitivity
59.5%, specificity 86.2%, PPV 93.3%, NPV 39.7%).
These findings are summarized in Table 3. While the
PPVs of our minor US criteria (immobile calculus in the
gallbladder neck, gallbladder distension and pericholecystic
fluid) were very high (PPV 90.5%, 90.0% and 94.3%,
respectively), the sensitivities were very low (36.2%, 34.3%
and 15.7%, respectively), suggesting these are of limited
diagnostic utility for AC.

Table 3 also lists the individual US signs that are
most predictive of a difficult operation. The most pre-
dictive signs were cholelithiasis (sensitivity 93.6%,
specificity 9.3%, PPV 22.9%, NPV 83.3%), thickened
gallbladder wall (sensitivity 71.0%, specificity 41.4%,
PPV 25.9%, NPV 83.2%) and a stone in the gallblad-
der neck (sensitivity 48.4%, specificity 74.9%, PPV
35.7%, NPV 83.4%).

The individual US findings found to be most predictive
of an intraoperative diagnosis of gangrenous cholecystitis
are listed in Table 3. These values, however, should be
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interpreted with caution as they are derived from a sample
of only 3 patients with a US diagnosis of gangrenous
cholecystitis.

The logistic regression model revealed that the selected
patient demographic and clinical characteristics had no sta-
tistically significant effect on the accuracy of US diagnosis
(BMI p = 0.24, age p = 0.42, sex p = 0.67, diabetes p = 0.94,
time to OR p = 0.29, degree of wall thickness p = 0.81;
Table 4).

Recursive partitioning (Fig. 2) demonstrated that a posi-
tive sonographic Murphy sign was independently predic-
tive of a high risk of intraoperative AC and, when absent,
the risk of AC depends on the presence of a thickened gall-
bladder wall.

Discussion

Since the 1970s, US has been shown to be a fast, accu-
rate, accessible and cost-effective modality for imaging
of the biliary tract.?! No other imaging modality is
more sensitive or specific for the detection of gallstones
(sensitivity 97 %, specificity 95%).!° However, the util-
ity of US in diagnosing AC remains questionable, as the
literature contains variable results.* Because of this, AC
remains very much a clinical diagnosis, with US provid-
ing a diagnostic adjunct.?? Additionally, many studies
use a pathological diagnosis as the gold standard, which

Table 1. Patient demographic and clinical

characteristics

Characteristic Mean (range) or %
Age, yr 47.9 (18-92)
Male sex 34.5

BMI 30.8 (16.0-59.2)
Diabetes 10.6
Procedure duration, min 96.9 (26-229)
Overall complication rate 3.3
Conversion rate 1.1
Subtotal cholecystectomy 7.8

Bile duct injuries 0

Bile leaks (stump leaks) 3.7
Intraoperative cholangiogram 3.3

BMI = body mass index.

Table 2. Agreement between US and intraoperative diagnosis

of AC

Intraoperative No intraopera-
Factor AC tive AC Total  PPV/NPV (%)
US AC 134 9 143 PPV 93.7
No US AC 49 53 102 NPV 52.0
Total 183 62 245 —
Sensitivity/ Sensitivity Specificity —
specificity, % 73.2 85.5
AC = acute cholecystitis; NPV = negative predictive value; PPV = positive predictive
value; US = ultrasonography.
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may not correlate with clinical findings. The literature
is additionally limited by many single-institution, retro-
spective, small data sets.!

Our study included one of the largest data sets ( =
245) in the current literature as well as a high operative
rate (94%) for AC with a short time interval from US
to OR (median 23.03 hr). This short interval should
optimize the correlation between the US findings and
intraoperative findings by reducing the time for pro-
gression or resolution of disease. Early cholecystec-
tomy is our institutional practice, which is supported
by the most up-to-date literature, suggesting more
tavourable outcomes, including reduced major bile
duct injuries and death, as well as shorter length of
overall hospital stay.!*"® This literature includes a
Cochrane review,'* a large retrospective cohort study
of more than 14 000 patients,” and a large multicentre
randomized controlled trial.'¢ Interestingly, many of
the studies on US for the diagnosis of AC are from the
1980s and 1990s, a time when the standard practice
was a delayed cholecystectomy.” The disadvantage of
the shift toward early cholecystectomy is the increased
frequency of difficult cholecystectomies encountered in
the emergency setting. This increases the need for an
accurate diagnosis and prediction of the severity of AC
in order to allow the surgeon to be adequately pre-
pared with appropriate equipment and assistance, to
consider the operative time of day and even consulta-
tion or referral to another surgeon. Despite difficult
emergency cholecystectomies, our 1-year cohort had a

very low conversion rate of 1.1% and a low rate of sub-
total cholecystectomy of 7.8%. We felt these results
are a reflection of the skill set of our ACSS surgeons, 4
of whom have fellowship training in minimally invasive
surgery. Subtotal or partial cholecystectomy is used in
our institution as a technique to reduce the morbid
complications associated with difficult gallbladders,
particularly common bile duct injuries, and reflects the
recent trend and growing acceptance of this
approach.” This practice is further supported by the
recent systematic review and meta-analysis of more
than 1200 subtotal cholecystectomies confirming that
this technique, for difficult gallbladders, achieves mor-
bidity rates comparable to total cholecystectomy in
uncomplicated cases and is, therefore, an important
tool in the approach to the difficult gallbladder.® Our
study, however, like many in the literature, is still lim-
ited as a single-institution, retrospective analysis.

A recent systematic review and meta-analysis of
imaging in AC suggested that the diagnostic accuracy of
US in AC was lower than that reported in previous
studies (sensitivity 81%, specificity 83%).” This is con-
trasted to an older meta-analysis stating a sensitivity of
88% (95% CI 0.74-1.00) and a specificity of 80% (95%
CI 0.62-0.98), adjusted for verification bias.!® Our study
is in keeping with previously published data with a spe-
cificity of 85.5%, though our sensitivity was lower at
73.2%. The low NPV of 52.0% nonetheless confirms
our hypothesis that US can underdiagnose AC, suggest-
ing that consistent major and minor US criteria should

Table 3. Sonographic indicators predictive of intraoperative diagnosis of AC

16

Sonographic indicator No. Sensitivity, % Specificity, % PPV, % NPV, %

Diagnosis of AC
Cholelithiasis 245 90.0 4.6 75.3 12.5
Thick wall 172 714 72.3 89.3 43.9
Murphy sign 137 59.5 86.2 93.3 39.7
Stone in neck 84 36.2 87.7 90.5 29.8
Distended 80 34.3 87.7 90.0 29.2
Pericholecystic fluid 35 15.7 96.9 94.3 26.3

Diagnosis of difficult operation*
Cholelithiasis 245 93.6 9.3 22.9 83.3
Thick wall 172 71.0 414 259 83.2
Murphy sign 137 50.0 51.2 22.8 78.0
Stone in neck 84 48.4 74.9 35.7 83.4
Distended 80 33.9 72.6 26.3 79.2
Pericholecystic fluid 35 14.5 87.9 25.7 78.1

Diagnosis of gangrenous AC
Cholelithiasis 245 85.2 8.1 9.2 83.3
Thick wall 172 77.8 40.7 12.5 94.4
Murphy sign 137 70.4 53.6 14.2 94.3
Stone in neck 84 37.0 70.2 11.9 91.1
Distended 80 44.4 72.6 15.0 92.3
Pericholecystic fluid 35 185 87.9 14.3 90.8

AC = acute cholecystitis; NPV = negative predictive value; PPV = positive predictive value.

*Difficult operation: fundus-down dissection, drain, partial cholecystectomy, conversion, or fifth port insertion.

J can chir, Vol.
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be set for a sonographic diagnosis to improve its accu-
racy. Instead of using the pathological diagnosis as the
reference standard, we used the intraoperative diagnosis.
Dynamic in vivo imaging was therefore compared with
direct intraoperative observation of the in vivo gallblad-
der where the gallbladder is intact, perfused, unaltered
by fixatives and electrocautery, and unaffected by patho-
logical sampling error. Also, the intraoperative findings
are perhaps more clinically and surgically relevant given
that an accurate prediction of the intraoperative findings
could help a surgeon to appropriately prepare for opera-
tive challenges, potential complications, additional
equipment, availability of intraoperative fluoroscopy for
cholangiograms and adequate assistance. A limitation to
our data, however, is that they are subject to verification

Table 4. Logistic regression —

moderator effect on US diagnosis

of AC

Moderator p value
BMI 0.24
Age 0.42
Sex 0.67
Diabetes 0.94
Time from US to OR 0.29
Degree of wall thickness 0.81

AC = acute cholecystitis; BMI = body mass index;
OR = operating room; US = ultrasonography.
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bias, as they were retrospectively collected and the deci-
sion to proceed with the gold standard (cholecyst-
ectomy) was reliant on the results of the diagnostic test
(US). Verification bias would result in an overestimation
of the sensitivity of the US and underestimation of
the specificity.!® It is possible that a cohort of patients
who presented with biliary symptoms underwent US
that found no AC and were subsequently discharged
without operative intervention. These patients may have
then proceeded to elective cholecystectomy with intra-
operative findings of cholecystitis. This group would
not have been captured by our study cohort and there-
fore reflects an additional bias of our study. However, if
included, this group would have further increased the
false-negative rate of US, thus our results may appear
better than reality. Ultrasonography is known to be a
user-dependent imaging modality, which is a disadvan-
tage of this technique. We did not control for the user-
dependency of US in our analysis, which does limit our
results. This was primarily owing to the retrospective
nature of the study and would be easier to account for in
a prospective trial.

A 2004 study attempted to reduce verification bias by
performing a prospective study of US compared with both
the intraoperative and pathological diagnosis of AC.* Fur-
thermore, this was one of the few studies comparing US
diagnosis to intraoperative findings. They proceeded with
cholecystectomy if the clinical picture suggested AC and

Murphy sign

Present

Node 2 (n=134) Node 4 (n=74) Node 5 (n=67)

Absent

Thick wall

Absent Present

AC
AC

0.8
0.6
0.4

0.2

I

No AC

Q
<

o
=z

Highest risk group Medium risk group High risk group

Fig. 2: Recursive partitioning demonstrated that a positive sonographic Murphy sign was independently predictive of a high risk of intraopera-
tive acute cholecystitis (AC) and, when absent, the risk of AC depends on the presence of a thickened gallbladder wall. US = ultrasonography.
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the US confirmed gallstones, regardless of signs of inflam-
mation on US.* Their results demonstrated a much lower
sensitivity and specificity of 60% and 77%, respectively,
than previously published data, but their results are closer
to ours.* However, they had a very high rate of nonin-
flamed gallbladders at cholecystectomy (15 of 55, 27.3%).*
This same group also suggested the importance of a posi-
tive sonographic Murphy sign to the diagnostic accuracy of
US by showing the sensitivity improved from 54% to 60%
and the specificity improved from 67% to 77% when the
radiologist was aware of the presence or absence of this
sign.* This is in alignment with our findings, where a
thickened gallbladder wall and positive sonographic Mur-
phy sign were most predictive of AC (sensitivity 71.4%,
specificity 72.3%, and sensitivity 59.5%, specificity 86.1%,
respectively). Our recursive partitioning model concur-
rently demonstrates that a positive sonographic Murphy
sign independently was highly predictive of AC. Recursive
partitioning is a powerful technique for evaluating unique
combinations of potential risk factors that may interact in
unexpected ways. However, a limitation to recursive parti-
tioning models is that they can be sensitive to mild pertur-
bations in the data. This may result in arriving at a slightly
different conclusion with another sample from the same
population. Interestingly, our analysis was the first to dem-
onstrate that potential moderators of diagnostic accuracy
(BMI, age, sex, diabetes, time to OR, and degree of gall-
bladder wall thickness) had no statistically significant effect
on the ability of US to diagnose AC.

CONCLUSION

Ultrasonography is highly sensitive and specific for
diagnosing AC; however, the low NPV confirms our
hypothesis that US can underestimate the diagnosis of
AC. The most predictive individual US signs for AC are
a positive sonographic Murphy sign, thickened gallblad-
der wall and cholelithiasis, which is consistent with the
literature.'®!” Independently, a positive sonographic
Murphy sign is highly predictive of AC. These signs
should be considered as major criteria for sonographic
diagnosis of AC.
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