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Acute cholecystitis, obesity, and steatohepatitis constitute the lethal
triad for bile duct injury (BDI) during laparoscopic cholecystectomy
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Abstract

Objective The most feared complication during laparoscopic cholecystectomy remains a bile duct injury (BDI). Accurately
risk-stratifying patients for a BDI remains difficult and imprecise. This study evaluated if the lethal triad of acute cholecystitis,
obesity, and steatohepatitis is a prognostic measure for BDI.

Methods A retrospective review of the American College of Surgeons National Surgical Quality Improvement Program
(NSQIP) registry was performed. All laparoscopic cholecystectomy cases within the main NSQIP database for 2012-2019
were queried. Two study cohorts were constructed. One with the lethal triad of acute cholecystitis, BMI> 30, and steato-
hepatitis. The other cohort did not have the full triad present. Multivariate analysis was performed via logistic regression
modeling with calculation of odds ratios (OR) to identify independent factors for BDI. An uncontrolled and controlled
propensity score match analysis was performed.

Results A total of 387,501 cases were analyzed. 36,887 cases contained the lethal triad, the remaining 350,614 cases did
not have the full triad. 860 BDIs were identified resulting in an overall incidence rate 0.22%. There were 541 BDIs within
the lethal triad group with 319 BDIs in the other cohort and an incidence rate of 1.49% vs 0.09% (P <0.001). Multivariate
analysis identified the lethal triad as an independent risk factor for a BDI by over 15-fold (OR 16.35, 95%CI 14.28-18.78,
P <0.0001) on the uncontrolled analysis. For the controlled propensity score match there were 29,803 equivalent pairs iden-
tified between the cohorts. The BDI incidence rate remained significantly higher with lethal triad cases at 1.65% vs 0.04%
(P<0.001). The lethal triad was an even more significant independent risk factor for BDI on the controlled analysis (OR
40.13, 95%CI 7.05-356.59, P <0.0001).

Conclusions The lethal triad of acute cholecystitis, obesity, and steatohepatitis significantly increases the risk of a BDI. This
prognostic measure can help better counsel patients and potentially alter management.
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Laparoscopic cholecystectomy remains one the most com-
mon general surgery procedures performed annually in the
United States as well as worldwide [1]. The most feared
complication during a laparoscopic cholecystectomy is a bile
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duct injury (BDI). This major complication has been the sur-
gical consternation with the procedure since the onset with
the historic concern being that BDIs were more prevalent
with the laparoscopic approach compared to the previous
open standard [2, 3]. Now with the majority of operating
surgeons possessing advanced laparoscopic surgical experi-
ence the BDI rate associated with laparoscopic cholecystec-
tomies is equivocal to the pinnacle low-incidence rate estab-
lished with the open approach [4, 5]. While the current BDI
rate with laparoscopic cholecystectomy is statistically low,
approximately 0.2%, it remains a dreaded complication with
severe morbidity [4, 6-8]. Despite being one of the most
frequently performed operations with a tremendous amount
of surgical teaching and education dedicated to making BDIs
a “never event” with laparoscopic cholecystectomies there
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is relatively limited literature identifying those individuals
at highest risk for BDI [9-11].

Our study objective was to identify a high-risk patient
population for BDIs. Based on the surgical experience of
the authors, a lethal triad for BDIs in those undergoing
laparoscopic cholecystectomy was proposed. This triad is
defined by the presence of acute cholecystitis, obesity, and
underlying steatohepatitis. Utilizing the American College
of Surgeons (ACS) National Surgical Quality Improvement
Program (NSQIP) registry, the risk of BDI in patients with
the lethal triad was assessed and compared to the general
population.

Methods

A retrospective review of the ACS NSQIP registry was per-
formed. NSQIP systematically records hundreds of preop-
erative, perioperative, and postoperative variables collected
from nearly 700 international participant hospitals by trained
registrars [12]. The NSQIP registry has been validated for
high-quality academic surgical research [12, 13]. The main
institution is a participant member of the American College
of Surgeons (ACS) National Surgical Quality Improvement
Program (NSQIP) and is authorized by the ACS to scien-
tifically research and publish NSQIP data and thus separate
IRB review was not required.

The NSQIP database was analyzed from 2012 to 2019.
Procedural identification was performed via Common Pro-
cedural Terminology (CPT) codes 47,562 and 47,563 which
correlated with operations performed with and without
intraoperative cholangiography (IOC) respectively. BDIs
were identified via International Classification of Disease
(ICD) codes within the postoperative diagnosis fields, re-
operative diagnosis fields, or readmission diagnosis fields
within NSQIP. The time period in which the NSQIP datasets
was analyzed involved the transition from ICD-9 to ICD-10
coding, therefore, any ICD code associated with a BDI was
selected. ICD-9 terminology has several codes that could
be considered a BDI to include 576.3, 576.4, 576.0, 868.02,
995, 997.4, 997.49, 998.13, 998.2, 998.51, 998.59, 998.89.
ICD-10 terminology is more specific for a BDI and has a
standalone category of S36.13. Baseline demographics for
the entire study included age, sex, race, functional status,
American Society of Anesthesia (ASA) class, medical
comorbidities, smoking history, and admission/operative
characteristics.

Two study cohorts were constructed: a lethal triad group
and a non-lethal triad group. The lethal triad cohort was
defined by the inclusion of all the following criteria: acute
cholecystitis, clinical obesity, and underlying steatohepatitis.
The presence of cholecystitis was determined by ICD-9 or
-10 codes within the postoperative diagnosis field. Patients
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with clinical obesity were identified by a body mass index
(BMI) equal to or greater than 30 which is consistent with
class I obesity as defined by the National Institute of Health
(NIH) and World Health Organization (WHO). Determina-
tion of underlying steatohepatitis was obtained via hepatic
steatosis index (HIS) scoring with a threshold score of > 36,
which has a positive predictive value of 92.4% [14, 15]. To
prevent confounding, cirrhotic patients were excluded from
analysis. Acting as control cases, the non-lethal triad cohort
had up to two of the lethal triad criteria present.

The primary study analysis involved an unadjusted mul-
tivariate analysis for factors associated with a BDI utiliz-
ing the lethal triad criteria in addition to other known or
suspected risk factors for BDI. In order to better control
for an equivalent comparison between the cohorts, propen-
sity score matching was performed. Propensity score test-
ing variables included all the baseline demographics used
in the main unadjusted analysis. Following identification of
properly matched cases between the cohorts, an adjusted
multivariate analysis was performed in a similar fashion to
the main analysis.

Statistical analysis

For comparison of characteristics between the cohorts,
categorical variables were evaluated using Pearson’s Chi-
square testing and quantitative variables were evaluated
using Fisher’s exact testing. Propensity-score matching was
performed as previously described. Multivariate analysis
was performed via multiple linear regression in a stepwise
fashion. Odds ratios (OR) were reported based on multi-
variate analysis. All reported P values in this study were
considered statistically significant based on P <0.05. All
statistical analysis were processed using the International
Business Machines (IBM) Statistical Package for Social Sci-
ences version 28.0.0 analytical software (IBM Inc. Armonk,
New York).

Results

A total of 387,501 laparoscopic cholecystectomy cases were
present within the selected NSQIP datasets. For the study
cohorts, there were 36,887 cases within the lethal triad
group and 350,614 cases in the control group. The baseline
demographics for the cohorts are provided in Table 1. The
overall study population was primarily Caucasian females
in their mid-to-late 40 s who were completely independ-
ent with mild medical comorbidities undergoing an out-
patient cholecystectomy without cholangiography. The
study cohorts had several statically significant differences
in baseline demographics to include age, sex, race, func-
tional status, ASA class, medical comorbidities, procedure
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Table 1 Overall study demographics
Lethal triad Cohort Non-lethal triad Cohort P value
(N=36,887 cases) (N=350,614 cases)
Age* 46.9 years old (+16.6) 49.4 years old (+17.2) 0.001
Sex' Male, 26.4% Male, 30.4% 0.001
Female, 73.6% Female, 69.6%
Race’ Caucasian, 66.3% Caucasian, 70.8% <0.0001
Hispanic, 15.4% Hispanic, 16.3%
African-American, 15.4% African-American, 8.0%
Asian, 1.3% Asian, 3.5%
Pacific-Islander, 0.7% Pacific-Islander, 0.4%
American-Indian, 0.9% American-Indian, 0.9%
Functional status’ Independent, 97.3% Independent, 98.0% 0.001
Partially dependent, 1.7% Partially dependent, 0.9%
Completely dependent, 1.0% Completely dependent, 1.1%
ASA class’ ASA-1, 3.6% ASA-1,11.7% <0.0001
ASA-2,45.8% ASA-2, 58.2%
ASA-3,46.2% ASA-3,27.9%
ASA-4,4.2% ASA-4,2.1%
ASA-5,0.01% ASA-5,0.01%
Cardiovascular disease’ 39.9% 32.9% 0.001
Pulmonary disease’ 3.3% 2.6% 0.001
Renal disease’ 0.9% 0.5% 0.001
Diabetic’ 18.9% 12.0% 0.001
Smoker 17.0% 17.2% 0.175
Cholecystectomy procedure’ Cholecystectomy alone, 74.3% Cholecystectomy alone, 77.9% 0.001
Cholecystectomy with I0C, 25.7% Cholecystectomy with I0C, 22.1%
Disposition status’ Outpatient, 0.5% Outpatient, 69% <0.0001
Inpatient, 99.% Inpatient, 31%
Operative time’ 83 min (£47) 64 min (£ 38) <0.0001

TStatistically significant

type, and disposition status. There were 860 BDIs identified
within the study population which resulted in an overall BDI
incidence rate of 0.22%. The characteristics of the BDI and
non-BDI cases are presented in Table 2. The characteristics
of the patient population that suffered BDIs was very similar
to the overall study population with a Caucasian female in
their late 40 s who was completely independent with mild
systemic disease undergoing an outpatient cholecystectomy
without cholangiography.

The results of the unadjusted multivariate analysis of
the entire study population are provided in Table 3. Sev-
eral independent factors were associated with BDI on that
multivariate analysis. The lethal triad was the most signif-
icant risk factor for a BDI with an OR of 16.35 (95%CI
14.23-18.78, P<0.0001). A BDI occurred in 1.49% of the
lethal triad cases compared to 0.09% in the control group
(P<0.001). The acute cholecystitis and obesity compo-
nents of the lethal triad were also independent risk factors
for a BDI with ORs of 1.22 (95%CI 1.06-1.40, P=0.004)

and 2.31 (95%CI 2.02-2.64, P=0.001), respectively. The
steatohepatitis component of the lethal triad did not reach
significance on the unadjusted analysis (OR 0.94, 95%CI
0.82-1.07, P=0.063). The other independent risk factors for
a BDI on the unadjusted analysis were smoking (OR 1.48,
95%CI 1.26-1.73, P=0.001) and inpatient surgery (OR
1.22,95%CI 1.06—-1.40, P=0.004). Non-Caucasian race was
the one factor independently associated with a decreased rate
of a BDI (OR 0.67, 95%CI 0.93-1.24, P=0.001).

On propensity score matching 29,803 equivocally
matched pairs between the lethal triad and control groups
were selected resulting in a total of 59,606 cases for the
adjusted analysis. The characteristics of the propensity
matched cases are presented in Table 4. Similar to the
main unadjusted analysis, the cases in the propensity score
match were primarily Caucasian females in their late 40 s
who were completely independent with mild systemic
disease who underwent a cholecystectomy without IOC.
The only difference in the adjusted analysis was nearly
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Table 2 BDI characteristics

BDI cases Non-BDI cases P value
(N=3860) (N=386,641)
Age 49.6 years old (+16.4) 49.2 years old (+17.2) 0.453
Sex Male, 31.5% Male, 30.0% 0.352
Female, 68.5% Female, 70.0%
Race’ Caucasian, 75.9% Caucasian, 70.4% 0.001
Hispanic, 14.0% Hispanic, 16.2%
African-American, 5.6% African-American, 8.7%
Asian, 2.3% Asian, 3.3%
Pacific-Islander, 0.1% Pacific-Islander, 0.1%
American-Indian, 2.1% American-Indian, 0.9%
Functional status Independent, 97.4% Independent, 98.0% 0.285
Partially dependent, 1.6% Partially dependent, 1.0%
Completely dependent, 1.0% Completely dependent, 1.0%
ASA class ASA-1, 10.0% ASA-1, 11.0% 0.566
ASA-2, 55.7% ASA-2, 57.0%
ASA-3,31.2% ASA-3, 29.6%
ASA-4,2.9% ASA-4,2.3%
ASA-5,0.01% ASA-5,0.01%
Cardiovascular disease’ 36.9% 33.7% 0.042
Pulmonary disease’ 5.0% 2.6% 0.001
Renal disease 0.6% 0.6% 1.00
Diabetic’ 18.9% 12.0% 0.001
Smoker" 23.5% 17.2% 0.001
Cholecystectomy procedure Cholecystectomy alone, 76.3% Cholecystectomy alone, 77.6% 0.369
Cholecystectomy with IOC, 23.7% Cholecystectomy with IOC, 22.4%
Disposition status’ Outpatient, 57.8% Outpatient, 62.5% 0.005
Inpatient, 42.2.% Inpatient, 37.5%
Operative time" 73 min (+49) 65 min (+39) 0.001

TStatistically significant

all cases were inpatient procedures. The results from the
adjusted multivariate analysis are provided in Table 5.
Again, the lethal triad was the strongest risk factor for a
BDI in the adjusted analysis with an OR of 40.13 (95%CI
7.05-356.59, P <0.0001). The BDI incidence rate in the
lethal triad group was 1.65% compared to 0.04% in the
control group (P <0.001) and provided in Table 6. All
of the individual components of the lethal triad were
independent risk factors for a BDI within the adjusted
analysis with ORs of 1.56 (95%CI 1.46-1.67, P=0.001),
1.74 (95%CI 1.45-2.09, P=0.006), and 1.002 (95%CI
1.001-1.072, P=0.039) for acute cholecystitis, obesity,
and steatohepatitis respectively. Again, smoking (OR 1.29,
95%CI 1.04-1.61, P=0.034) and inpatient surgery (OR
1.56,95%CI 1.46-1.67, P=0.001) were independent risk
factors on the adjusted analysis with non-Caucasian race
(OR 0.59, 95%CI 0.49-0.71, P=0.004) being the only fac-
tor associated with a decreased BDI risk. Female sex (OR
1.32, 95%CI 1.09-1.58, P=0.011) and morbid obesity
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(OR 1.23, 95%CI 1.01-1.49, P=0.002) were found to
be new independent risk factors for BDI in the adjusted
analysis.

Discussion

BDI is one of the most feared complications during lapa-
roscopic cholecystectomy and, though rare, when it does
occur, the negative health impact on the patient is signifi-
cant. Not only is it associated with longer hospital stays,
increased pain, and potential need for reintervention, it has
also been shown to carry a sixfold increase in all-cause mor-
tality as well as a 126% increase in payments per patient
[16, 17]. Multiple interventions have been implemented in
an effort to reduce the risk of BDI. Standard requirements
for achieving the critical view of safety prior to transec-
tion of the cystic duct is the prime example of an intraop-
erative intervention created to prevent inadvertent BDI, in



Surgical Endoscopy (2024) 38:2475-2482

2479

Table 3 Unadjusted multivariate analysis BDI

Odds ratio 95%CI P value
Acute cholecystitis' 1.219 1.064-1.396 0.004
BMI>30° 2.305 2.015-2.637 0.001
Steatohepatitis 0.938 0.820-1.072 0.063
Lethal triad’ 16.345 14.227-18.778 <0.0001
Sex 1.071 0.927-1.237 0.341
Race' 0.672 0.581-0.776 0.001
Age 1.001 0.998-1.005 0.811
Functional status 1.272 0.832-1.943 0.062
ASA class 1.109 0.963-1.277 0.343
Morbid obesity* 0.910 0.736-1.124 0.204
Diabetic 0.951 0.774-1.167 0.357
Smoker’ 1.477 1.262-1.730 0.001
Disposition status’ 1.219 1.064-1.396 0.004
10C performed 1.074 0.918-1.257 0.492
Pre-Op WBC 1.000 0.998-1.001 0.474
Pre-Op AST/ALT 0.999 0.998-1.001 0.283
Pre-Op alk phos 1.000 0.999-1.001 0.331
Pre-Op bilirubin 0.998 0.997-1.001 0.623
Pre-Op albumin 0.999 0.998-1.001 0.233

TStatistically significant
*Morbid obesity defined as BMI >40

addition to being a critical education component in surgical
training of safe cholecystectomy [18]. Additional surgi-
cal adjuncts including intraoperative cholangiography, via
standard cholangiogram or emerging techniques such as ICG
fluorescence, or intraoperative ultrasound (IOUS) have been
proposed as measures to limit BDI but have not conclusively
proven to limit BDI occurances [4, 19]. Intraoperative “time
outs” with peer assessment to confirm the critical view of
safety has been achieved as well as artificial intelligence
augmentation to ensure achieving the critical view of safety
have also been recommended to minimize BDIs [20-22].
If preoperative patient characteristics indicating increased
risk for BDI can be established, this may lead to alterations
in practice patterns with further reduction in incidences of
BDI. However, there is currently a limited paucity of lit-
erature that identifies high-risk patients for BDI. It was the
objective of this study to propose a high-risk patient popula-
tion for BDI based on the surgical experience of the authors.
In our collective history the combination of cholecystitis,
obesity, and steatohepatitis presented a significant impedi-
ment to effectively achieving a critical view of safety and
increased the risk for BDI. Utilizing the NSQIP registry we
attempted to confirm our clinical suspicion that there was a
“lethal triad” for BDI during laparoscopic cholecystectomy
with large volume data.

Previous studies have attempted to identify patient char-
acteristics that are associated with higher rates of BDI and

although results are largely dated and vary across studies,
there are some clear trends. Bjorn et al. identified acute chol-
ecystitis as an independent risk factor for BDI with increas-
ing risk corresponding to increasing levels of inflammation
as defined by the Tokyo classification [23]. That study how-
ever reported that BMI was not an independent risk factor
though this may be due to a smaller sample size and inad-
equate power [23]. Hasan et al. reported a significantly larger
study which was able to identify preoperative obesity as a
significant risk factor though the exact underlying mecha-
nism was unclear and may relate to overall longer operative
times associated with obesity or unclear anatomy associated
with increased intraabdominal fat [24]. Fullum et al. further
identified male sex, age > 60 and surgery performed in an
academic setting as independent risk factors [25]. However,
these have been contradicted in other studies such as by
Nuzzo et al., Moossa et al., and Yang et al [26-28]. All of
which identify some overlapping preoperative risk factors
but without consistent trends. The only consistently proven
increased risk factor for BDI with laparoscopic cholecys-
tectomy is the presence of cholecystitis [29-31]. Yet, the
clinical utility of that knowledge is limited considering the
ubiquity of cholecystitis in patients undergoing cholecystec-
tomy. Therefore, more specific stratification of high-risk BDI
patients is greatly desired within the surgical community.

Within this study, the lethal triad of acute cholecystitis,
obesity, and hepatic steatosis was identified as the most
significant patient-related factors leading to an increased
risk for BDI. That lethal triad was associated with an over
15-fold increase in the rate of BDI on the unadjusted anal-
ysis and 40-fold increase on the adjusted analysis. These
characteristics are important especially for the US popu-
lation due to their sheer prevalence. Within the US, rates
of obesity have continually increased since the late 1990s
[32]. Today, roughly 70% of the population is overweight
and 40% of the US population is obese [32]. Additionally,
27% of the population has hepatic steatosis and, annually,
over 200,000 Americans are diagnosed with acute cholecys-
titis [20, 21]. Therefore, the number of patients presenting
with the constellation of characteristics that we have coined
the “lethal triad” is likely to continue increasing and preop-
erative recognition is essential. Through operative experi-
ence of the included authors the presence of inflammation,
increased intra-abdominal fat, reduced domain, and a large
steatohepatic liver all contribute to a significantly more dif-
ficult operation and decreased ability to achieve the critical
view of safety. In addition to anecdotal increased BDIs in
that specific patient population, it was not surprising that
increased rates of BDIs in the lethal triad was also supported
by the NSQIP analysis results.

The lethal triad can serve as a prognostic indicator for
patients at higher-than-average risk for BDI and guide pre-
operative risk counseling, risk reduction measures, and
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Table 4 Propensity score match
results

Lethal triad Cohort
(N=29,803 cases)

Non-lethal triad Cohort
(N=29,803 cases)

Age

Sex

Race

Functional status

ASA class

Cardiovascular disease
Pulmonary disease
Renal disease

Diabetic

Smoker

Cholecystectomy procedure

Disposition status

Operative time

48.5 years old (+16.8)
Male, 29.8%

Female, 70.2%
Caucasian, 66.0%
Hispanic, 16.3%
African-American, 14.7%
Asian, 1.3%
Pacific-Islander, 0.7%
American-Indian, 1.0%
Independent, 97.3%
Partially dependent, 1.7%
Completely dependent, 1.0%
ASA-1,4.2%

ASA-2, 54.0%
ASA-3,37.5%
ASA-4,4.1%
ASA-5,0.01%

37.8%

3.4%

1.1%

18.2%

17.1%

Cholecystectomy alone, 74.0%

Cholecystectomy with IOC, 26.0%

Outpatient, 0.6%
Inpatient, 99.4%
80 min (£41)

48.2 years old (+18.7)
Male, 28.5%

Female, 71.5%

Caucasian, 65.8%

Hispanic, 19.1%
African-American, 9.6.0%
Asian, 4.3%
Pacific-Islander, 0.4%
American-Indian, 0.8%
Independent, 97.4%
Partially dependent, 1.6%
Completely dependent, 1.0%
ASA-1, 12.6%
ASA-2,46.2%
ASA-3,36.7%
ASA-4,4.1.1%
ASA-5,0.01%

36.7%

3.2%

1.0%

17.4%

16.5%

Cholecystectomy alone, 75.3%
Cholecystectomy with I0C, 24.7%
Outpatient, 0.6%

Inpatient, 99.4%

79 min (+44)

intraoperative planning. These patients should be counse-
led on the risk for BDI and the possible need for conver-
sion to open cholecystectomy, subtotal cholecystectomy, or
subsequent bile duct repair. They should also be counseled
that, given their increased risk, intraoperative cholangiogram
may be required to define the anatomy. Though not always
possible, especially in the setting of urgent or emergent
cholecystectomy, risk reduction measures such as weight
loss can be recommended before a patient undergoes elec-
tive cholecystectomy. Finally, for those patients undergoing
cholecystectomy for acute cholecystitis where risk reduction
is not possible, the operating surgeon may elect for routine
cholangiogram in all patients with the lethal triad.

Our study has a few limitations. The first of which
involves the retrospective nature of the analysis, there-
fore, no definitive causations between the lethal triad and
BDI can be derived from the results rather only a strong
association between the lethal triad and BDI is demon-
strated. Next, this study involved a large international
database where there was a large volume of analyzable
cases, however, the quality of the queried data is less than
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ideal for optimal clinical application. All retrospective
studies of large international multi-institutional registries
are inherently subject to potential bias due to incorrect,
miscoded, or missing patient or procedural information
[22]. Since BDI cases were only able to be identified by
accurate ICD codes it is likely not all BDIs that occurred
were able to be identified within the constraints of the
NSQIP registry. Furthermore, while the NSQIP registry
has been well-validated for academic surgical research
the decreased granularity of the extracted variables from
participant centers does not allow for evaluation of more
clinically pertinent second and third-order data [12, 13].
That construct of the NSQIP database made it impossible
to determine the severity of BDIs identified. Study results
were unable to differentiate between minor BDIs, such as
cystic duct stump leaks, versus major BDIs that required
hepatobiliary reconstruction. Considering the inherent
limitations of NSQIP analyses and the retrospective nature
of the study the authors still submit the results hold merit
for identifying a specific group of patients at increased
risk for BDI.
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Table 5 Adjusted multivariate analysis BDI

Odds Ratio 95%CI P value
Acute cholecystitis’ 1.559 1.459-1.665 0.001
BMI > 30" 1.741 1.449-2.093 0.006
Steatohepatitis’ 1.002 1.001-1.072 0.039
Lethal triad’ 40.127 7.047-356.59 <0.0001
Sex' 1.315 1.092-1.583 0.011
Race’ 0.587 0.487-0.707 0.004
Age 1.003 0.998-1.012 0.090
Functional status 1.067 0.626-1.819 0.288
ASA class 0.880 0.733-1.055 0.071
Morbid obesity 1.227 1.012-1.487 0.002
Diabetic 0.971 0.741-1.272 0.501
Smoker’ 1.293 1.039-1.610 0.034
Disposition status’ 1.559 1.459-1.665 0.001
10C performed 0.986 0.804-1.209 0.708
Pre-Op WBC 0.989 0.981-1.001 0.134
Pre-Op AST/ALT 0.998 0.997-1.001 0.055
Pre-Op alk phos 1.001 0.999-1.002 0.865
Pre-Op bilirubin 0.990 0.979-1.002 0.142
Pre-Op albumin 0.999 0.993-1.002 0.357
TStatistically significant
*Morbid obesity defined as BMI >40
Table 6 BDI incidence for adjusted multivariate analysis

Lethal triad Control P value

BDI rate’ 1.65% 0.04% <0.001

TStatistically significant

Conclusion

Acute cholecystitis, obesity, and steatohepatitis constitute
the “lethal triad” for BDI during laparoscopic cholecystec-
tomy. This study found a strong statistically significant asso-
ciation between the triad and that most dreaded complica-
tion with a laparoscopic cholecystectomy. Identification of
patients with that prognostic measure could lead to improved
patient risk counseling and alteration of intraoperative tech-
niques to limit BDI occurrence. We propose this lethal triad
be considered when managing patients undergoing laparo-
scopic cholecystectomy.
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