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Acute cholecystitis is a ubiquitous cause of admission to
hospital for gastrointestinal disease and is definitively
managed with cholecystectomy.1,2 Randomized con-

trolled trials, meta-analyses and expert consensus support
early laparoscopic cholecystectomy on first hospital admis-
sion for most patients with acute cholecystitis without severe
sepsis.3–12 Compared with delaying cholecystectomy until after
discharge, early laparoscopic cholecystectomy within 7 days
of symptom onset is associated with a shorter total length of
hospital stay and a similar risk of conversion to open chole-
cystectomy.3,8–12 Further support for early intervention can be
drawn from reports showing a 20% risk of recurrent gall-
stone-related symptoms if cholecystectomy is delayed.10–13

In spite of the evidence favouring early intervention,
inconsistency in delivering what many consider best practice
has been reported worldwide. Reports out of the United
Kingdom, Japan and the United States show rates of early
cholecystectomy ranging from 36% to 88%.14–18 However,
because of differences in the setting and cohort characteristics
across published studies, our understanding of the extent and
underlying etiology of the inconsistent application of early
cholecystectomy remains circumstantial. We postulated that a
better understanding of the factors associated with the perfor-

mance of early cholecystectomy would provide opportunities
to address the gap between evidence and practice. Our objec-
tive was, therefore, to evaluate the extent of variation across
hospitals in a large regional health care system and to identify
patient and hospital characteristics associated with early
cholecystectomy.

Methods

Study design and setting
We performed a population-based retrospective cohort
study involving all adults with a first episode of acute chole-
cystitis emergently admitted to an acute care hospital
between Apr. 1, 2004, and Mar. 31, 2010, in Ontario. We
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rable care. Hospital-specific initiatives should be considered to facilitate early cholecystectomy for patients with acute cholecystitis.
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compared rates of early cholecystectomy across hospitals,
and we used multivariable multilevel logistic regression to
identify patient and hospital characteristics associated with
performing early cholecystectomy.

Ontario is Canada’s most populous province, with over 13
million residents. All medically necessary hospital and physician
services for Ontario residents are paid for by the provincial
Ministry of Health, and there are no private general hospitals.

This study was approved by the Research Ethics Board of
Sunnybrook Health Sciences Centre.

Data sources
We identified patients from the Canadian Institute for Health
Information’s Discharge Abstract Database, which contains
demographic, diagnostic and procedural information for all
hospital admissions in Ontario. Admission via the emergency
department was confirmed through linkage to the National
Ambulatory Care Reporting System database, which captures
all emergency department visits. To derive certain covariates
(patient comorbidities and hospital after-hours procedure vol-
ume), we supplemented the Discharge Abstract Database with
data from the Ontario Health Insurance Plan billing database,
which contains all physician claims. These datasets were
deterministically linked through a unique encrypted patient
identifier and have been validated for a variety of exposures
and comorbidities.19–23 In a multicentre validation study, almost
perfect agreement was found between Ontario’s Discharge
Abstract Database and reabstracted data for cholecystectomy
coding and coding of gallstone disease as the most responsible
diagnosis.19

Study cohort
The cohort included residents of Ontario aged 18 years and
older who were admitted to hospital via the emergency depart-
ment with a most responsible diagnosis of acute cholecystitis
(International Statistical Classification of Diseases and Related
Health Problems, enhanced Canadian version of the 10th revi-
sion [ICD-10-CA] codes K80.0, K80.1, K80.4, K81.0, K81.8,
K81.9). We restricted our analysis to patients with a first
episode of acute cholecystitis and without prior gallstone-
related admissions or emergency department visits in the 2
years preceding their index admission. We also excluded
patients directly admitted to an intensive care unit. We consid-
ered admission to an intensive care unit to be a surrogate for
cholecystitis with severe sepsis, consistent with the Tokyo con-
sensus definition of severe cholecystitis.24 We also excluded
patients who underwent cholecystostomy tube placement
because this may suggest either severe cholecystitis, acalculous
cholecystitis or substantial comorbidity that might preclude
operative intervention at any time. Less than 0.5% of patients
were excluded because of missing covariate information.

There were 2 exclusions at the hospital level. First, we
excluded hospitals where there was no general surgeon,
because patients presenting to these hospitals could not have
had an early cholecystectomy. Because data on the availability
of physicians at specific hospitals were not directly available,
we excluded hospitals where no appendectomy was recorded

over the 6-year study period. Appendectomy was chosen as a
surrogate for surgeon availability because appendicitis is com-
mon and is managed in most cases with urgent appendectomy
if surgical expertise is available. Finally, to provide more robust
estimates of rates, we excluded hospitals with fewer than 5
patients who met the entry criteria per study year. These 2 cri-
teria resulted in the exclusion of 52 of 158 hospitals.

Outcome measure
The primary outcome of interest was early cholecystectomy,
defined as cholecystectomy within 7 days of presentation to an
emergency department.

Covariates
Several patient and hospital characteristics were considered as
potential explanatory variables influencing the performance of
early cholecystectomy. Patient characteristics included age,
sex, income level, comorbidity level, concomitant common
bile duct obstruction and pancreatitis. We used income quin-
tile as a crude surrogate for socioeconomic status; income
quintile was derived from the median household income of
the patient’s postal code of residence based on 2001 and 2006
census data.25 Comorbidity level was captured using the Johns
Hopkins Aggregated Diagnosis Group scoring system.26

Using inpatient and outpatient records in the 2 years preced-
ing the index admission, we calculated an Aggregate Diagnosis
Group–based comorbidity index according to an algorithm
validated for the prediction of 1-year mortality in a large
cohort of adult Ontarians.27

We considered hospital characteristics including teaching
status (academic teaching v. nonteaching) as recognized by the
Ontario Ministry of Health,28 annual volume of acute chole-
cystitis admissions (quartiles) and annual volume of elective
cholecystectomies (quartiles). We also considered the possibil-
ity that a hospital’s policy regarding the use of operating room
resources after hours (i.e., evenings, nights, weekends) or
operating room availability might influence the likelihood of
early cholecystectomy. Therefore, as a standardized measure
of operating room use after hours, we derived a variable cor-
responding to the ratio of total after-hours operative cases (for
all surgical specialties) divided by the number of all-cause
emergency department visits. Lower values are indicative of
lower after-hours use of operating rooms.

Statistical analysis
We first calculated the crude rate of early cholecystectomy at
each hospital for all patients. To better understand the source
of variation, we also explored rates across hospitals for young
healthy patients (< 50 yr old in lowest comorbidity quartile)
with uncomplicated disease (without common bile duct
obstruction or pancreatitis). Variation across hospitals is pre-
sented using funnel plots in which each hospital’s early chole-
cystectomy rate is plotted against their volume of acute chole-
cystitis admissions. The funnel plots graphically show whether
the variation in the rate of early cholecystectomy across hospi-
tals is in excess or within the range expected based on chance
alone. Ninety-nine percent control limits frame the range of
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random variation around the overall cholecystectomy rate and
are defined as exact binomial confidence intervals that vary as
a function of the volume of acute cholecystitis admissions.29 A
hospital outside the control limits is therefore interpreted as
having an early cholecystectomy rate outside the range of ran-
dom variation that would be expected based on chance alone.

We then evaluated the association of patient and hospital
characteristics with early cholecystectomy using multilevel 
(2-level) logistic regression, which accounts for the non-inde-
pendence of patients admitted to the same hospital.30 Model
calibration was examined through observed versus predicted
outcome plots, and discrimination was quantified with the 
c-statistic.

To evaluate the relative importance of hospital characteris-
tics and patient case-mix, we compared the proportion of
explained outcome variation in the multilevel logistic model
with patient and hospital characteristics to a standard logistic
model containing only the patient covariates. Each model’s
respective proportion of explained outcome variation was cal-
culated as the squared Pearson correlation coefficient between
the probabilities of early cholecystectomy predicted by the
model and the observed outcomes.31

In addition, we used the multilevel model to quantify the
extent of variation between hospitals, adjusted for differences
in patient case-mix, by calculating the median odds ratio
(OR).32 The median OR is the median value of all possible
ratios of the odds of cholecystectomy in 2 patients with the
same covariates admitted to 2 randomly selected distinct hos-
pitals. By convention, the odds of the patient at the hospital
with the highest propensity for cholecystectomy are used as
the numerator of the ratio, such that the median OR is always
greater than or equal to 1. As an example, a median OR of 3.0
suggests a 3-fold median difference in the odds of early chole-
cystectomy for 2 similar patients admitted to distinct ran-
domly selected hospitals. The median OR can also be directly
compared with the fixed effects in the study (e.g., patient age,
sex), thereby informing a meaningful interpretation of its
magnitude.

All analyses were performed using SAS 9.2. Given the large
sample size, we considered a 2-tailed α less than 0.01 to be
statistically significant.

Results

Study cohort
We identified 24 437 patients, admitted to 106 hospitals, with a
first episode of acute cholecystitis who met our inclusion cri -
teria (Figure 1). The median number of patients per hospital
was 196 (interquartile range [IQR] 71–357). Teaching hospitals
comprised 13% of hospitals and cared for 21% of patients.
The cohort was evenly distributed across study years. Over half
of the included patients were female (59%), and the mean age
was 56 (± standard deviation 18) years. Concurrent common
bile duct obstruction and pancreatitis were present in 11% and
5% of patients, respectively. Overall, 14 286 (58%) patients
underwent early cholecystectomy (Appendix 1, www  .cmajopen
.ca /content /1 /1 /E62 /suppl /DC1).

Early cholecystectomy rates across hospitals
There was marked variation in the rate of early cholecystec-
tomy across hospitals (median 51%, IQR 25%–72%). This
variation remained evident even when the analysis was limited
to young healthy patients (< 50 yr and in the lowest comor-
bidity quartile) with uncomplicated disease (without common
bile duct obstruction or pancreatitis) (median 74%, IQR
41%–88%). In both the full cohort and in the younger
healthy subgroup, the variation in early cholecystectomy was
in excess of that expected by chance alone, as shown by the
large number of hospitals lying outside the 99% control limits
shown in the funnel plots (Figures 2A and B). In other words,
the funnel plots suggest that factors other than chance explain
the extent of variation. As we expected, there was less variation
within the more homogeneous younger subgroup, as shown
by a smaller proportion of hospitals lying outside the control
limits (Figure 2B).

Effect of covariates on variation
On multivariable multilevel analysis, patients who were
younger, female, with a lower comorbidity burden and with-
out common bile duct obstruction were more likely to
undergo early operative intervention (Table 1). At the hospital
level, a high volume of admissions for acute cholecystitis was
associated with increased odds of early cholecystectomy
(Table 1). Albeit significant, the level of operating room use
after hours showed an inconsistent association with the per-
formance of early cholecystectomy. The model showed good
discrimination (c-statistic = 0.80) and calibration. The univari-
able analysis results are available in Appendix 1.

We then used the multilevel model to quantify the extent
of variation between hospitals, adjusted for differences in
patient case-mix. The median OR was 3.7, which can be inter-
preted as a nearly 4-fold median difference in the odds of

Excluded  n = 7 720 
• Prior emergency department visit or 

admission for gallstone disease  n = 6 179 
• Admission to an intensive care unit or 

cholecystectomy  n = 1 393 
• Missing covariate data  n = 148 
 

Excluded  n = 945 
• 52 hospitals without a general surgeon  

or with fewer than 5 patients  n =  945 

Included 
n = 24 437 patients at 106 hospitals 

Adults admitted via the 
emergency department with 

acute cholecystitis 
n = 33 102 

Selected 
n = 25 382 patients at 158 hospitals 

Figure 1: Selection of patients and hospitals.
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early cholecystectomy for 2 similar patients admitted to ran-
domly selected hospitals.

Finally, we examined the explained outcome variation
attributable to patient and hospital characteristics. Our multi-
level model explained 53% of the variation in the frequency of
early cholecystectomy. Of this explained variation, about half
(27%) could be attributed to hospital characteristics and half
(26%) to patient characteristics.

Interpretation

In this population-based study evaluating the practice of early
cholecystectomy for acute cholecystitis, we found significant
variation across hospitals, even when we considered only
young healthy patients with uncomplicated disease. Our
analysis suggests that 2 similar patients who present to ran-
domly selected hospitals have an almost 4-fold median differ-
ence in their respective odds of early cholecystectomy. Fur-
thermore, hospital effects, as opposed to patient effects,
accounted for half of the explained variation in early cholecys-
tectomy rates. Admission to a hospital with a high admission

volume of patients with acute cholecystitis was associated with
the highest rate of early intervention.

Best available evidence supports early (v. delayed) laparoscopic
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Figure 2: Rate of early cholecystectomy across hospitals among (A)
all included patients (n = 24 437 at 106 hospitals) and (B) young
healthy patients (< 50 yr, in the lowest comorbidity quartile and with
uncomplicated disease [without concurrent biliary tract obstruction or
pancreatitis]; n = 2894 at 102 hospitals).

Table 1: Multilevel multivariable logistic regression of the 
association between patient and hospital characteristics and 
undergoing early cholecystectomy (within 7 d of 
presentation to an emergency department) 

Characteristic 
Adjusted OR 

(99% CI)* 

Patient  

Age, yr  

18–35 Ref 

36–50 0.92 (0.81–1.05) 

51–65 0.69 (0.61–0.79) 

66–80 0.46 (0.40–0.53) 

> 80 0.21 (0.18–0.25) 

Male sex 0.87 (0.80–0.95) 

Income quintile  

1 (lowest) Ref 

2 0.98 (0.87–1.10) 

3 0.93 (0.82–1.05) 

4 1.06 (0.94–1.21) 

5 1.12 (0.98–1.27) 

Comorbidity index quartile  

1 (lowest) Ref 

2 0.90 (0.80–1.01) 

3 0.89 (0.79–1.00) 

4 0.67 (0.60–0.75) 

Common bile duct obstruction 0.41 (0.36–0.47) 

Pancreatitis 1.14 (0.94–1.37) 

Hospital  

Annual volume of acute cholecystitis admissions (quartile) 

5–17 0.53 (0.35–0.78) 

18–39 0.67 (0.52–0.87) 

40–65 0.84 (0.72–0.97) 

66–164 Ref 

After-hours operating room use† (quartile)  

1 (lowest) 0.97 (0.72–1.30) 

2 0.84 (0.66–1.07) 

3 0.79 (0.64–0.97) 

4 Ref 

Annual volume of elective cholecystectomies (quartile) 

0–74 1.02 (0.63–1.63) 

75–159 1.15 (0.82–1.60) 

160–279 1.11 (0.91–1.35) 

280–905 Ref 

Academic teaching hospital 0.71 (0.27–1.85) 

Note: CI = confidence interval, OR = odds ratio, Ref = reference. 
*All listed covariates were included in a multivariable model that also accounted 
for the nonindependence of patients admitted to the same hospital. 
†Ratio of total after-hours operative cases (for all surgical specialties) divided by 
the number of all-cause emergency department visits. 
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cholecystectomy for most patients with acute cholecystitis; 
this is based on findings of a shortened total hospital stay, 
a similar conversion rate to open cholecystectomy and the
elimination of the risk of recurrent gallstone symptoms associ-
ated with delayed elective cholecystectomy.3,8–13 Although these
findings come from randomized trials published between 1998
and 2005,8–12 inconsistency in the practice of early cholecystec-
tomy remains evident across different practice environments
internationally, with reported rates of early cholecystectomy
ranging from 36% to 88%.14–18 Previous studies have also
shown that, among patients aged 66 years and older, early
cholecystectomy is less likely in patients of greater age and
comorbidity level and that early cholecystectomy is less likely
with limited insurance status in the United States.17,18 Other
determinants of management identified in surveys of physi-
cians include surgeons’ competing elective clinical obligations,
surgeons’ comfort with laparoscopy and the availability of hos-
pital resources for emergency surgery.33–35 Although we found
patient characteristics associated with management that are
consistent with the literature, our study also describes the wide
extent of variation across hospitals within a large regional
health care system and quantified the importance of hospital-
level effects as a source of variation in practice.

Most patients in the cohort received early cholecystec-
tomy; however, we have shown that similar patients at differ-
ent hospitals across Ontario did not receive comparable care.
We postulate that these results may, in part, be related to
logistic barriers to early cholecystectomy at certain institu-
tions. Variation across hospitals in the management of acute
cholecystitis may be reduced in the future because of a recent
focus on the efficient delivery of emergency surgical care.
This focus includes the American College of Surgeons’ sup-
port for the emerging field of acute care surgery, as well as the
Royal College of Surgeons of England’s promotion of the sep-
aration of emergency and elective surgical practice.36,37 Initia-
tives targeting better delivery of emergency surgical care (e.g.,
including a dedicated service for emergency surgery referrals,
a surgeon-of-the-week practice model and operating room
time during the day dedicated to emergency cases) are likely
to facilitate early cholecystectomy. Recent evidence supports a
dedicated emergency surgery team as the catalyst for more
efficient management of gallstone disease.38–42 In addition,
variation in practice may in part reflect the need to address
remaining gaps in the evidence comparing the outcomes of
early and delayed cholecystectomy. One of the factors hinder-
ing the uptake of early cholecystectomy may be concern that
early intervention is associated with a higher rate of major bile
duct injury,6 a rare but devastating operative complication.
Adequately powered studies assessing whether this is true, as
well as a comparison of real-world rates of conversion from
laparoscopic to open cholecystectomy, are required.

Strengths and limitations
The main strengths of this study include its population-based
scope, the quality of the data sources, and the study setting —
a health care system in which emergency surgical care is only
accessed through single-payer-funded public hospitals. 

Our study also has limitations. The first is potential residual
confounding related to the severity of cholecystitis. We
attempted to reduce this potential bias by excluding patients
with severe cholecystitis and prior gallstone disease. Although
there is likely a gradient of severity (captured by duration of
symptoms, leukocyte count, gallbladder wall thickness on ultra-
sound) present in our study cohort, it is reasonable to expect
that this gradient would be similarly distributed across hospi-
tals, particularly after adjustment for age, sex, socioeconomic
status and comorbidity level. Furthermore, we believe that the
extent of variation across hospitals is too large to be fully
explained by unmeasured differences in cholecystitis severity. 

The second limitation is that we are unable to identify the
decision-making surgeon from our data sources. Nevertheless,
many surgeon characteristics, such as practice type and chole-
cystectomy volume, would be expected to overlap with the
hospital characteristics we included. As such, the measured
hospital effects are likely partly attributable to the hospitals’
surgeons, and characterizing the relative importance of sur-
geon-level variation in practice merits further investigation.
Despite this limitation, understanding variation at the hospital
level remains a constructive starting point to generate solu-
tions for quality improvement.

Finally, definitions of the time frame for early cholecys-
tectomy range in the literature between 24 hours and 7 days
from symptom onset or diagnosis.6 Although we chose a
broad time frame (within 7 d from emergency department
presentation), when we defined early cholecystectomy as
occurring within 3 days of presentation to an emergency
department, we found the same extent of variation and simi-
lar associations on multivariable analysis (data available on
request).

Conclusion
We found that similar patients with acute cholecystitis did not
receive comparable care across the hospitals of a large
regional health care system. Hospital-level factors, indepen-
dent of patient characteristics, were found to be strongly
related to practice variation. Hospital-specific initiatives
should be considered to facilitate early cholecystectomy for
acute cholecystitis.
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