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INTRODUCTION:  In this  study  we  assess  the  impact  of  a  “rapid  imaging  protocol”  (RIP)  on  outcomes  in
patients  with  suspected  acute  cholecystitis  (AC).
METHODS: From  January  2017  to  January  2018,  a prospective  cohort  study  was  implemented  using  a  RIP
with  hepatoscintigraphy  (HIDA)  or CT scan (first  available,  goal  within  4  h)  in patients  (n  = 52)  presenting
with  highly  suspected  AC  and a  clinical  feature  score  of  ≥1.  For  the  latter,  the following  presenting  features
were  scored  as  follows:  1 point  for  WBC count  ≥10,000  (109/L),  1.5 points  for  glucose  ≥140  (mg/dl),
and/or  1 point  for  age  ≥50  yrs.  The  historical  control  was  all patients  admitted  with suspected  AC  in
a  1.5-year  period  (n  =  117)  under  our  previous  “delayed  imaging  protocol”  (DIP),  which  used  US  ±  HIDA
(post-admission)  in  select  patients.  Primary  end  points  included:  compare  outcome  and  quality  measures
between  the  groups,  evaluate  diagnostic  imaging  performance  for AC, and  evaluate  our  proposed  clinical
feature  score  in  the  setting  of  AC.
RESULTS:  Histopathologic  features  consistent  with  AC  was  more  frequent  in  patients  in the  RIP (64%
vs  39%,  p  = 0.008).  The  pooled  positive  predictive  value  of  HIDA  and  CT  scan  for  AC  were  85%  vs  94%,
respectively.  The  RIP  was  associated  with  a significant  reduction  in  time  to surgery,  length  of  stay,  and
conversions  to  open  (p  <  0.001,  respectively).  A clinical  feature  score  of 3.5 predicted  the  likelihood  of  AC

2
in  95%  of the  cases  (x for  linear  trend  = 42,  p <  0.001).
CONCLUSION:  A protocol  centered  around  rapid  identification,  defined  clinical  criteria  (i.e.  clinical  fea-
ture  score),  and  confirmation  with  non-user  dependent  imaging  modalities  has  resulted  in  favorable
outcomes.  CT  may  be the  study  of  choice  when  the  likelihood  of  AC is  high  because  it  is  superior  at
identifying  severity.

©  2018  The  Author(s).  Published  by Elsevier  Ltd on behalf  of  IJS Publishing  Group  Ltd.  This  is  an  open
he CC
access  article  under  t

. Introduction

Acute cholecystitis (AC) requires prompt diagnosis to reduce
erioperative morbidity and complications [1,2]. Modern guide-

ines recommend the diagnosis be made with a combination of
linical features, laboratory work up, and imaging confirmation
3,4]. For the latter, ultrasound has been the most commonly used
iagnostic modality but performance in the setting of AC has been
uestioned by multiple reports [5,6]. Hepatoscintigraphy (HIDA)

can is the gold standard imaging modality in AC, however, its use
s limited to centers that have access. Computed tomography (CT)

ay  have high diagnostic yield but few studies have evaluated the
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performance of CT in the setting of AC [7,8]. In this prospective
study, we evaluate a rapid imaging protocol (RIP) using HIDA or CT
in highly suspected AC and compare outcomes of this protocol with
our previous protocol.

2. Methods

From January 2017 to January 2018 (one year), a prospective
cohort study was  implemented using a rapid imaging protocol (RIP)
with HIDA or CT scan (first available, goal within 4 h) in patients
(n = 52) presenting with highly suspected AC. All patients presented
to the emergency room (ER) and first contact was made by an ER

physician. A high suspicion for AC was  determined if the patient
presented with progressive RUQ pain and/or positive Murphy’s
sign, and a clinical feature score of ≥1. For the latter, the following
presenting clinical features were scored as follows: 1 point for WBC
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Fig. 1. Rapid imaging protocol for acute cholecystitis. **HIDA, hepatobili

ount ≥10,000 (109/L), 1.5 points for glucose ≥140 (mg/dl), and/or 1
oint for age ≥ 50 yrs. Laboratory work up also included parameters
o exclude other hepatobiliary pathologies (i.e. choledocholithiasis,
holangitis, pancreatitis, hepatitis, etc.). If a high clinical suspicion
emained after initial work up, the patient would then proceed with

 HIDA or CT scan (first available, goal within 4 h), and the patient
as managed accordingly (see Fig. 1). Some patients in the RIP

eceived immediate ultrasound by the first contact ER physician in
heir preliminary work up, but if they met  criteria for the study they
ere included and the RIP was followed accordingly. Most patients

overall, 50/52 cases) would eventually undergo laparoscopic or
pen cholecystectomy, and a final histopathologic diagnosis with
ur institutional pathologist. The operations were performed by the
n-call/admitting surgeon (5 surgeon experience) with the assis-
ance of a junior or senior general surgery resident in all cases. The
ontent of this study has been reported in line with the PROCESS
riteria [12].

For our historical control (i.e. “delayed imaging protocol,” DIP)
e reviewed records of all patients that were admitted through

R in a 1.5-year period (January 2013 to July 2014) with a pre-
iminary diagnosis of AC. During this time, the majority received
n ultrasound in ER and select patients received a delayed HIDA
ost admission. All patients underwent cholecystectomy during the
dmission.

Primary end points included: 1) assess the performance of US,
IDA, and CT scan as imaging modalities in suspected AC, 2) com-
are outcome and quality measures (time to surgery, length of stay,
osts, etc.) between the RIP vs DIP, and 3) evaluate our proposed
linical feature score in the setting of AC.

.1. Clinical feature score

The features of the clinical feature score were determined by
ultivariate analysis of all presenting baseline clinical and labo-

atory findings in the historical group (n = 117). The details of this

nalysis have been previously described [9]. When all presenting
eatures were analyzed, WBC  count ≥10,000 (109/L), glucose ≥140
mg/dl), and age ≥50 years were the three presenting features that
ad a statically significant positive association with pathologically
intigraphy. CT scan, abdominal computed tomography without contrast.

confirmed acute cholecystitis. Therefore, the clinical feature score
was derived using a regression coefficient based scoring system
from the multivariate regression analysis. Specifically, the regres-
sion coefficient (RC) for glucose ≥140 was 1.5 (yielding a score of
1.5). WBC  count ≥10,000 and age ≥50 years both had an RC of 1
(yielding a score of 1), respectively.

2.2. Imaging protocol

2.2.1. Abdominal ultrasound (US)
All the abdominal US performed in this study were done prior to

admission in the ER setting. Sonographic analysis was performed
by a certified ultrasound technician and interpreted by a board-
certified radiologist. All interpretations were done in real time and
the original radiologic interpretation was not changed (i.e. the radi-
ologist was not given the opportunity to carry out a second review
for this study). The final US interpretation was  determined as fol-
lows:

- Findings consistent with AC: sonographic Murphy’s sign, peric-
holecystic fluid, gallbladder distension (≥4 cm short axis), and/or
thickening of the gallbladder wall (≥3 mm).  Visualization of one
of the four major signs was interpreted as positive for AC. If these
one or more of these findings was not clearly identified the study
was  interpreted as negative for acute cholecystitis.

- Cholelithiasis: Visualization of none of the above four signs with
gallstones.

2.2.2. HIDA
A dynamic biliary study was performed following the

intravenous administration of 6.1 mCi  of Tc-99 m Choletec (a hep-
atobiliary radiopharmaceutical agent). Sequential scintigraphic
images of the abdomen in the anterior projection up to 60 min  was
done to evaluate for radiotracer distribution/activity throughout
the hepatic parenchyma, intrahepatic ducts, gallbladder, common
bile duct, and small bowel at 60 min. If no visualization of the gall-

bladder was  present 1 h into the study, morphine (5 mg) was given
intravenously to stimulate retrograde filling of the gallbladder.
No visualization of the gallbladder at 30 min following morphine
administration in the proper clinical setting, this scintigraphic find-
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Table 1
Baseline characteristics and laboratory results. *Clinical feature score = glucose ≥140
(1.5 points), WBC  count ≥10,000 (1 point), age ≥50 yrs. (1 point). The higher the score
the higher the likelihood of acute cholecystitis.

Baseline characteristics/labs RIP Delayed p-value

Age (years) 50 44 0.07
Sex  (F/M) 32/20 77/40 0.58
BMI  (kg/m2) 30 30 0.58
WBC  (×109) 13 12 0.27
Glucose >140 mg/dl 37% 15% 0.002
AST  (U/L) 50 56 0.72
ALT  (U/L) 51 82 0.07
Amylase (U/L) 76 57 0.38
Lipase (U/L) 160 150 0.54
Total bilirubin (mg/dL) 0.69 0.83 0.24
Direct bilirubin (mg/dL) 0.21 0.28 0.43
90 L.E. Rodriguez et al. / International Journ

ng was reported to be consistent with acute cholecystitis. If there
as delayed filling following administration of morphine in the
roper setting, this scintigraphic finding was reported to be con-
istent with chronic cholecystitis.

.2.3. CT scan
An abdominal CT scan without contrast was obtained using heli-

al technique via a Philips Diamond Select Brilliance CT 64-slice
Philips Medical Systems, Best, The Netherlands). The standard slice
hickness was 5 mm.  Most CT scans were reviewed by at least two
oard certified radiologists, and in all cases the real time interpre-
ation was used (i.e. a second look was not offered for our study)
nd the radiologist was blinded to the study.

Findings consistent with AC included: gallbladder distention
≥4 cm short axis), gallbladder wall thickening (≥3 mm),  peric-
olecystic fluid, pericholecystic fat stranding, focally increased
nhancement of adjacent liver parenchyma, pericholecystic
bscess, irregular contour or enhancement of the gallbladder wall,
nd/or gas in the wall or lumen. If one or more of these findings
as not clearly identified the study was interpreted as negative for

cute cholecystitis.

.3. Determining diagnostic performance (all imaging modalities)

A patient was classified as true-positive (TP) if the diagnosis
f AC was retained on the final pathology report and the sign
r the association of signs on the imaging test was  indicative of
C. A patient was classified as true-negative (TN) if the diagno-
is of AC was not retained and the sign or the association of signs
as not indicative of AC. A patient was classified as false-positive

FP) if the diagnosis of AC was not retained but the sign or the
ssociation of signs was indicative of AC. A patient was  classi-
ed as false-negative (FN) if the diagnosis of AC was  retained
ut the sign or the association of the signs was not indicative of
C (see Fig. 2). The sensitivity was defined as TP/(TP + FN) and

he specificity was defined as TN/(FP + TN). The positive likelihood
atio was defined as sensitivity/1-specificity and the negative like-
ihood ratio was defined as 1-sensitivity/specificity. The disease
revalence was defined as TP + FN/(TP + FN + FP + TN). The positive
redictive value was defined as TP/(TP + FP) and the negative pre-
ictive value was defined as TN/(FN + TN). Accuracy was defined as
P + TN/(TP + FN + FP + TN).

.4. Pathological diagnosis

The histopathological criteria used in the analysis of gallbladder
pecimens was as follows:

 Absence of cholecystitis: normal gallbladder and/or absence of
lymphocytic infiltration.

 Acute cholecystitis (AC): transmural neutrophilic infiltra-
tion ± involvement of adventitia (pericholecystitis) ± gangrene.

 Chronic cholecystitis (CC): lymphocytic infiltrates without neu-
trophilic infiltrates.

 Acute superimposed on chronic cholecystitis (ACC): the presence
of acute and chronic features as noted above.

 Acalculous Cholecystitis: AC or ACC without gallstones

.5. Cost analysis
A cost analysis was carried out by identifying mean payments
ade by the Puerto Rico Medicaid program (the largest payer sys-

em in Puerto Rico) to our institution as follows: 1) a bundled
ayment for each inpatient day for diagnosis of AC and coverage
ALP  (U/L) 106 117 0.48
Clinical feature score* 1.8 1.1 0.001

of medications ($630.00), 2) US ($36.67), 3) HIDA ($97.95), and CT
($75).

2.6. Statistical analysis

Statistical analysis was  performed using the IBM SPSS version
21 (IBM Co., Armonk, NY, USA). Continuous data are reported as
means. Nominal data are reported as percentages and/or number of
subjects. Comparisons between groups were analyzed using either
Student’s t test or cross table analysis accordingly. The chi square
(x2) test of linear trend was  used to test association between nom-
inal and ordinal variables.

Using our length of stay (LOS) data in the DIP (n = 117, mean
LOS = 5 days, SD = 3.1) to determine power, the analysis indicated
that in order to detect a mean LOS of 3 days (our pre-study goal)
in the RIP, a total of 29 subjects were needed for 90% power and a
type 1 error rate of <0.05.

3. Results

3.1. Historical results

In our historical group, histopathologic features consistent with
AC were present in 46/117 (39%) specimens. US had a sensitivity
and specificity of 26% and 80%, respectively. HIDA scan had a sensi-
tivity and specificity of 87% and 79%, respectively. Time to surgery
(TTS) was 4 vs 2 days in patients who  received HIDA vs US alone
(p = 0.001), and LOS was  6 vs 4 days, respectively (p = 0.001). Age
≥50 years, glucose ≥140 (mg/dl), and WBC  count ≥10 (109/L) were
statistically significant independent variables associated patholog-
ically confirmed AC.

3.2. Baseline characteristics

In the RIP, a total of 52 patients presented to ER with sus-
pected AC and were admitted to the surgery service for further
management. In the DIP, a total of 117 patients presented to ER
with suspected AC and were admitted for further management.
Woman were the most commonly affected gender in both groups,
representing 62% vs 66% (RIP vs DIP, p = 0.52), respectively. The
mean age was 50 vs 44 years old (RIP vs DIP), and there was  a
trend that patients in the RIP were older (p = 0.07). The mean BMI
(body mass index, kg/m2) for both groups was 30 and there was
no statistical difference between the groups for comorbidities (i.e.

hypertension, coronary artery disease, diabetes, and/or hyperlipi-
demia). There was  no difference between the groups for basic and
hepatobiliary laboratory parameters (see Table 1) except hyper-
glycemia (glucose ≥140 mg/dl) which was  more frequent in the RIP
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F ic cholecystitis (ACC). A. Sagittal view of a true positive CT with pericholecystic edema,
g  the final pathology, de novo AC. B. Sagittal view of a false negative CT with main finding
o te with the final pathology, ACC.
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Table 2
Pooled diagnostic performance in acute cholecystitis for the rapid and delayed
imaging protocols. US, abdominal ultrasound. HIDA, hepatobiliary scintigraphy. CT,
abdominal computed tomography without contrast.

Statistic Ultrasound (n = 134) HIDA (n = 55) CT (n = 39)

Sensitivity 32 % 85 % 73 %
Specificity 80 % 86 % 94 %
Positive likelihood ratio 1.61 6 12.36
Negative likelihood ratio 0.85 0.17 0.30
Disease prevalence 44 % 49 % 56 %
Positive predictive value 56 % 85 % 94 %
ig. 2. Comparison of CT findings in de novo AC vs acute superimposed on chron
allbladder wall thickening, and gas in the lumen. CT interpretation correlated with
f  gallstones and no clear evidence of de novo AC. CT interpretation did not correla

37% vs 15%, p = 0.002). Overall, patients in RIP had a higher clinical
eature score (1.8 vs 1.1, p = 0.001), and more patients had at least
ne clinical feature (98% vs 68%, p = 0.001).

.3. Operative outcomes

Overall, 167/169 patients underwent cholecystectomy. In the
IP, laparoscopic cholecystectomy was performed in 49/52 (94%)
nd one planned open cholecystectomy. Two patients were treated
ith cholecystostomy tube. In the DIP, laparoscopic cholecystec-

omy was performed in 110/117 (94%) and six patients were treated
ith a planned open cholecystectomy. No patients in the DIP were

reated with cholecystostomy tube. There were no intraoperative
onversions to open technique in the RIP, which was  statistically
ignificant when compared to the DIP (0% vs 12%, p = 0.01). Time to
urgery was significantly lower in the RIP (1.1 vs 2.8 days, p = 0.001).

.4. Histopathologic outcomes

Histopathologic features consistent with acute cholecystitis
AC) was more frequent in patients in the RIP (64% vs 39%, p = 0.008).
n the RIP, acute superimposed on chronic cholecystitis (ACC) with
allstones (20/50, 40%) was the most common final pathology,
nd AC with gallstones (12/50, 24%) was the second most com-
on  pathology (see Fig. 3). In the DIP, chronic cholecystitis (CC)
ith gallstones (52/177, 44%) was the most common pathology,

nd ACC with gallstones was the second most common pathology
21/117, 18%). Overall, gallstones were found in 134/167 (80%) of
ll pathologic specimens.

.5. Ultrasonography performance for AC

Overall, a total of 134 US studies were performed prior to chole-
ystectomy. Twenty-eight were in the RIP and 106 were in the DIP.
he sensitivity and specificity of US in the RIP patients was  47% and
2%, respectively. The pooled sensitivity, specificity, positive and
egative predictive likelihood ratios of US were 32, 80, 1.61, 0.85,
espectively (see Table 2). The pooled positive predictive value was

6%. There were 19 true positive (TP), 60 true negative (TN), 40 false
egatives (FN), and 15 false positives (FP) interpretations, respec-
ively. ACC + S was the final pathology in 23/40 (58%) cases that
ere FN on US.
Negative predictive value 60 % 86 % 72 %
Accuracy 59 % 86 % 82 %

3.6. HIDA performance for AC

Overall, a total of 55 HIDA studies were performed prior to chole-
cystectomy. Twenty-one were in the RIP and 34 were in the DIP. The
sensitivity and specificity of HIDA in the RIP patients was  83% and
100%, respectively. The pooled sensitivity, specificity, positive and
negative predictive likelihood ratios of HIDA were 85, 86, 6, 0.17,
respectively (see Table 2). The pooled positive predictive value was
85%. There were 23 TP, 24 TN, 4 FN, and 4 FP interpretations, respec-
tively. ACC + S was  the final pathology in 3/4 (75%) cases that were
FN on HIDA.

3.7. CT performance for AC

Overall, a total of 39 CT studies were performed prior to chole-
cystectomy. All patients who  received CT were in the RIP. The
pooled sensitivity, specificity, positive and negative predictive like-
lihood ratios of CT were 73, 94, 12, 0.30, respectively (see Table 2).
The positive predictive value was  94%. There were 16 TP, 16 TN,
6 FN, and 1 FP interpretations, respectively. ACC + S was the final
pathology in 4/6 (67%) cases that were FN on CT.

3.8. Perioperative data and quality measures

Overall, there was no significant difference between RIP vs DIP
for postoperative complications (2 vs 6, p = 0.55). One patient in
the RIP developed a biliary leak after laparoscopic cholecystec-
tomy, which was treated with ERCP/stent. Two  patients in the DIP

developed biliary leak after laparoscopic cholecystectomy and they
were treated with ERCP and stent. One patient in the RIP developed
symptomatic anemia (post op Hgb = 7.4) related to hemorrhage
from the gallbladder fossa dissection (a drain was left intraopera-



392 L.E. Rodriguez et al. / International Journal of Surgery Case Reports 51 (2018) 388–394

Fig. 3. Prevalence of histopathologic diagnosis in our rapid and delayed imaging protocols. AC = acute cholecystitis. CC = chronic cholecystitis. ACC = acute superimposed on
chronic cholecystitis. S = gallstones.

Table 3
Comparison of perioperative and quality outcome measures rapid vs delayed imag-
ing protocols. *Note, cost analysis includes amount mean payment to institution
per day ($630/day) and imaging studies (US: $36.67, HIDA: $97.95, CT: $75, respec-
tively). Amount paid to the surgeon and operative/anesthesia costs were not
included in the analysis.

Outcome RIP (n = 52) DIP (n = 117) P-value

Admission to surgery (days) 1.1 2.8 0.001
Surgery to discharge (days) 2 3.2 0.001
Length of stay (days) 3.1 5 0.001
Conversions to open 0 15 0.02
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Table 4
Cross table of the pretest clinical feature score association with histologically con-
firmed acute cholecystitis. Glucose ≥140 mg/dl: 1.5 points, Age ≥50 years: 1 point,
and  WBC  ≥10 × 109/L: 1 point. As the score increases, the likelihood of AC increases
accordingly (X2 for trend = 42, p=<0.001).

Score No (n = 87) Yes (n = 79) Percentage with AC

0 34 5 13%
1  36 28 44%
1.5  3 4 57%
2  11 15 58%
Complications 2 6 0.55
Costs to payer $ 2076 $3195 0.001

ively) after laparoscopic cholecystectomy, which was  successfully
reated with 2 packed red blood cell units. Two patients in the DIP
eveloped postoperative hypoxia after open cholecystectomy and
ere found to have small right sided pleural effusions in both cases.

he latter were treated with aggressive pulmonary toilet and did
ot require any further intervention. One patient in DIP developed

 superficial skin surgical site infection, which was  treated with
rainage and IV antibiotics. There was no postoperative mortality

n either group. Admission to surgery and length of stay were signif-
cantly shorter in the RIP protocol (p = 0.001, respectively). Surgery
o discharge time was also significantly reduced in the RIP (1.9 vs
.1 days, p = 0.001). The estimated cost to payer was  reduced by
5% in the RIP when compared to DIP (see Table 3).

.9. Validation of the clinical feature score

An increasing clinical feature score had a strong association for
ikelihood of AC (x2 for linear trend = 42, p=<0.001). Overall, 20/21
95%) patients with a score of 3.5 had a final pathology result consis-
ent with acute cholecystitis (see Table 4). A clinical score of at least

 was found in 24/31(77%) patients with pathologically confirmed
angrene, and an increasing clinical score had a strong association
ith progression to gangrene (x2 for linear trend = 27, p=<0.001).
. Discussion

Modern protocols in the setting of AC are geared to reliably diag-
ose and assess the severity of disease on presentation [1,2]. While
2.5  3 7 70%
3.5  1 20 95%

most patients will ultimately require an urgent cholecystectomy,
some patients may  be better served with a tailored approach. We
designed our RIP after a thorough review of our historical data,
in which we  looked at the diagnostic performance of ultrasound
for AC, perioperative data, and quality outcomes. For the latter
study, we found that not only was  US underperforming (sensitivity
26% for AC) but our classic approach was associated with delayed
treatment [9]. However, the latter findings could not be attributed
to poor management. Instead, we found that acute cholecystitis
presented with typical and atypical features, as well as variable
severity which can delay identification. Chronic cholecystitis was
frequent in our population and common in patients that progressed
to true AC (i.e. sustained irreversible obstruction of the cystic duct
with down stream mucosal ischemia and necrosis). Moreover, most
patients with CC reported symptoms consistent with a short-lived
AC episode which had reversed with self-treated NPO status, in
many cases multiple times when pressed on history. Thus, acute
superimposed on chronic cholecystitis represents the most com-
mon  subtype of AC in our population and classic ultrasound findings
for AC are often masked, leading to false negative imaging inter-
pretations. Overall, only 38/167 (23%) of patients presented with
de novo AC (i.e. AC not associated with CC), which in general are
usually easier to identify clinically and with any common imaging
modality.

Our RIP is centered around the principles reported by the Tokyo
guidelines [3,4] as follows: 1) high clinical suspicion and features,

2) key laboratory findings (i.e. leukocytosis, inflammatory markers,
etc.), and 3) confirmatory imaging. Clinical suspicion is based on
history and physical examination (most patients will have epigas-
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ric/RUQ pain). In our experience Murphy’s is a positive predictor
f AC, however, lack of this sign does not exclude AC. For this rea-
on, further work up is needed to confirm and assess severity of
isease. We  have found that age greater than 50 is a clinical feature
hat should increase suspicion, as this feature had a statistically
ignificant independent association with pathologically confirmed
C. Once a high index of clinical suspicion is determined, a full
et of labs is needed to exclude other hepatobiliary disease, most
mportantly pancreatitis and cholangitis. These must be excluded
ecause management of these cases must be tailored accordingly.
nce the latter are excluded, glucose and leukocytosis correlate

ndependently for AC. Moreover, if both features are present, our
ata suggests a 70% likelihood of AC in the proper setting. Many
xperts have recommended inflammatory markers (i.e. c-reactive
eptide) to get an indirect assessment of severity [3,4], however,
e did not routinely include this in our RIP. Nonetheless, our data
emonstrates that our clinical feature score is not only predic-
ive for AC, progression to advanced cholecystitis (i.e. gangrenous,
mphysematous, etc.) was frequent in patients with two or more
eatures.

Imaging has historically been centered around US despite stud-
es that have shown that it underperforms in the setting of AC
5,6]. Based on the latter studies, and our own  experience with
S, we designed the RIP centered around confirmation with non-
ser dependent studies (i.e. HIDA and CT scan). The former was

mplemented because it is generally accepted that HIDA is the
old standard test to confirm AC and it is readily available in our
nstitution. The CT scan was implemented because it is readily avail-
ble in most institutions and the few studies using this modality
ave shown promising diagnostic performance in the setting of AC.
e found that both studies have similar diagnostic performance

n the setting of de novo AC (i.e. without chronic pathologic fea-
ures), however, both studies are affected in the setting of ACC (i.e.
cute superimposed on chronic). For the latter, HIDA is superior
o CT and US, however, the false negative (FN) HIDA interpreta-
ions in the RIP (n = 3) were all in the setting of ACC. Overall, 3/4
75%) FN HIDAs had delayed filling which required morphine to fill
he gallbladder, which was interpreted by our nuclear specialist as
hronic cholecystitis. Therefore, we recommend that in a patient
ith intermediate risk (i.e. clinical feature score 1–2, or 20–60%
retest likelihood of AC) and delayed filling on HIDA, the diagnosis

s ACC until proven otherwise and should be managed with urgent
holecystectomy. CT scan was non-inferior in the setting of de novo
C, especially in high risk patients (i.e. clinical feature score ≥2.5
r ≥70% pretest likelihood of AC). A high clinical score correlated
ith advanced AC, and a CT scan was the ideal imaging study to

ssess the severity of disease (i.e. gangrene, perforation, abscess,
tc.). Moreover, a CT scan was helpful for planning the intervention
pproach based on severity (i.e. laparoscopic vs open vs percuta-
eous drainage).

The RIP protocol resulted in improved outcomes when com-
ared to the DIP. Identification and treatment were hastened,
erioperative morbidity/complications were significantly reduced,
nd quality measures/costs reduced accordingly. Rapid identifi-
ation and allocation were the main reasons for these better
utcomes, which is consistent with reports advocating early
≤72 h) cholecystectomy [10,11]. Delayed diagnosis results in
n advanced inflammatory process with unfavorable anatomy if
holecystectomy is pursued. In our RIP we have had no conversions
o open due to unfavorable anatomy, which suggest early cholecys-
ectomy is associated with a more technically feasible procedure
egardless of pathologic grade. There was one biliary leak post op in

he RIP which was successfully managed with ERCP and temporary
tent. However, the latter patient presented to ER with gangrenous
holecystitis in severe sepsis 7 days after onset of symptoms, and
equired resuscitation and broad-spectrum antibiotics for 2 days
urgery Case Reports 51 (2018) 388–394 393

in ICU prior to cholecystectomy. Therefore, the patient was  high
risk for developing perioperative complications due to delay in
management.

The current study has some limitations. The patients were all
drawn from a primarily Hispanic population which lacks the ran-
dom distribution of prospective population-based study designs.
Moreover, restriction of inclusion criteria to patients fulfilling diag-
nostic criteria (i.e. at least one clinical feature score) may  have
resulted in a selection of patients with more advanced AC, thus,
mild disease stages may  be under represented in the present study.
Despite these limitations, our academically driven natural history
study defines the spectrum of disease of AC in Puerto Rico, a pop-
ulation with an epidemic of obesity and associated conditions. Our
data suggest that mild, moderate, and severe forms of AC exist.
Moreover, acute superimposed on chronic cholecystitis has partic-
ular clinical and diagnostic considerations, which were frequently
encountered in our cohort. Future studies are needed to determine
which imaging modality is best in each grade. Our study is also one
of the first to our knowledge to prospectively apply a clinical fea-
ture score in the setting of AC, which we  used longitudinally in our
RIP cohort.

In closing, AC is a pathology that requires prompt and precise
diagnosis. ACC is the most common subtype of AC in our popula-
tion and is associated with false negative imaging interpretations
related to masking of the typical imaging features (edema, peric-
holecystic fluid, etc.) that manifest in de-novo cholecystitis. HIDA
scan is ideal in intermediate risk cases where the diagnosis is equiv-
ocal and severity (i.e. gangrene, necrosis, etc.) is not a concern. CT
scan is ideal when there is a high likelihood for AC and severity is
a concern. A protocol centered around rapid identification, defined
clinical criteria (i.e. clinical feature score), and confirmation with
non-user dependent imaging modalities has resulted in favorable
outcomes. When these principles are used in conjunction, manage-
ment of each patient is tailored accordingly to maximize efficiency
and safety of treatment for all comers with suspected AC.

Conflicts of interest

None.

Sources of funding

None.

Ethical approval

This study was approved by the Ponce Health Sciences Univer-
sity IRB.

Consent

Consents for use of deidentified information for research and
publication was  attained for all patients.

Author contributions

Limael E. Rodriguez-primary responsibility.
Jorge A. Sanchez-study concept or design, data collection, data

analysis or interpretation.
Miguel A. Serpa-study concept or design, data analysis.

Jorge L. Martinez-study concept or design, data analysis.
Julio A. Peguero-Rivera-study concept or design, data analysis.
Felipe Sanchez-Gaetan-study concept or design, data analysis.
Guillermo Bolanos-Avila-study concept or design, data analysis.



3 al of S

R

G

P

A

E
a

R

[

[

[

O
T
p
c

94 L.E. Rodriguez et al. / International Journ

egistration of research studies

4071.

uarantor

Limael Rodriguez.

rovenance and peer review

Not commissioned, externally peer-reviewed.

cknowledgements

The authors would like to thank Dr. Rafael Ivan Iriarte and Dr.
dgar C. Belmonte for their contributions in the analysis of the data
nd pathological specimens, respectively.

eferences

[1] C.M. Lo, C.L. Liu, S.T. Fan, et al., Prospective randomized study of early versus

delayed laparoscopic cholecystectomy for acute cholecystitis, Ann. Surg. 227
(4)  (1998) 461.

[2] D.J. Deziel, K.W. Millikan, S.G. Economou, Doolas, et al., Complications of
laparoscopic cholecystectomy: a national survey of 4,292 hospitals and an
analysis of 77,604 cases, Am.  J. Surg. 165 (1) (1993) 9–14.

pen Access
his article is published Open Access at sciencedirect.com. It is distrib
ermits unrestricted non commercial use, distribution, and reproduct
redited.
urgery Case Reports 51 (2018) 388–394

[3] M.  Hirota, T. Takada, Y. Kawarada, et al., Diagnostic criteria and severity
assessment of acute cholecystitis: Tokyo guidelines, J. Hepatobiliary Pancreat.
Sci. 14 (1) (2007) 78–82.

[4] M.  Yokoe, J. Hata, T. Takada, et al., Tokyo guidelines 2018: diagnostic criteria
and severity grading of acute cholecystitis (with videos), J. Hepatobiliary
Pancreat. Sci. 25 (1) (2018) 41–54.

[5] S.E. Mirvis, J.R. Vainright, A.W. Nelson, et al., The diagnosis of acute acalculous
cholecystitis: a comparison of sonography, scintigraphy, and CT, Am.  J.
Roentgenol. 147 (6) (1986) 1171–1175.

[6] J.J. Kiewiet, M.M.  Leeuwenburgh, S. Bipat, A systematic review and
meta-analysis of diagnostic performance of imaging in acute cholecystitis,
Radiology 264 (3) (2012) 708–720.

[7] J. Fidler, E.K. Paulson, L. Layfield, CT evaluation of acute cholecystitis: findings
and usefulness in diagnosis, AJR Am.  J. Roentgenol. 166 (5) (1996) 1085–1088.

[8] G.L. Bennett, H. Rusinek, V. Lisi, CT findings in acute gangrenous cholecystitis,
Am.  J. Roentgenol. 178 (2) (2002) 275–281.

[9] L.E. Rodriguez, L.E. Santaliz-Ruiz, G. De La Torre-Bisot, Gonzalez, Clinical
implications of hepatobiliary scintigraphy and ultrasound in the diagnosis of
acute cholecystitis, Int. J. Surg. 35 (2016) 196–200.

10] D.W. Rattner, C. Ferguson, A.L. Warshaw, Factors associated with successful
laparoscopic cholecystectomy for acute cholecystitis, Ann. Surg. 217 (3)
(1993) 233.

11] C.F. Chandler, J.S. Lane, P. Ferguson, Prospective evaluation of early versus
delayed laparoscopic cholecystectomy for treatment of acute cholecystitis,
Am.  Surg. 66 (9) (2000) 896.

12] R.A. Agha, A.J. Fowler, S. Rammohan, I. Barai, D.P. Orgill, the PROCESS Group,
The PROCESS statement: preferred reporting of case series in surgery, Int. J.
Surg. 36 (Pt A) (2016) 319–323.
uted under the IJSCR Supplemental terms and conditions, which
ion in any medium, provided the original authors and source are

http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30364-X/sbref0060
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	The impact of a rapid imaging protocol in acute cholecystitis-prospective cohort study
	1 Introduction
	2 Methods
	2.1 Clinical feature score
	2.2 Imaging protocol
	2.2.1 Abdominal ultrasound (US)
	2.2.2 HIDA
	2.2.3 CT scan

	2.3 Determining diagnostic performance (all imaging modalities)
	2.4 Pathological diagnosis
	2.5 Cost analysis
	2.6 Statistical analysis

	3 Results
	3.1 Historical results
	3.2 Baseline characteristics
	3.3 Operative outcomes
	3.4 Histopathologic outcomes
	3.5 Ultrasonography performance for AC
	3.6 HIDA performance for AC
	3.7 CT performance for AC
	3.8 Perioperative data and quality measures
	3.9 Validation of the clinical feature score

	4 Discussion
	Conflicts of interest
	Sources of funding
	Ethical approval
	Consent
	Author contributions
	Registration of research studies
	Guarantor
	Provenance and peer review
	Acknowledgements
	References


