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Abstract: Background: Laparoscopic cholecystectomy has gained popularity. The goal of this study
was to evaluate outcome differences between open vs laparoscopic cholecystectomy. Method:
Using a large NIS database and ICD-9 coding for open vs laparoscopic cholecystectomy, we
compared inpatient outcomes for these two procedures regarding the occurrence of myocardial
infarctions and mortality using uni- and multivariate analysis by studying 5 years of data from 2010
to 2015. Results: Open cholecystectomy was inferior to laparoscopic procedure with a higher
occurrence of non-ST-elevation myocardial infarction (Non-STEMI), ST-elevation myocardial
infarction (STEMI), and mortality in comparison to laparoscopic cholecystectomy. For example,
using 2010 database, the occurrence of STEMI was 0.2 vs 0% (OR 3.1, CI 1.7-5.5, p<0.001), for Non-
STEMI 1 vs 0.4% (OR 2.5 CI 2.0-3.0, p<0001) and for mortality 0.4 vs 0.4% (OR 9.2, CI 7.9-10.6,
p<0001). After adjustment for age, obesity, diabetes, and hypertension, the occurrence of STEM],
Non-STEMI, and mortality remained higher in the open cholecystectomy cohort (mortality
multivariate OR 6.4, CI 5.5-7.4, p<0001). Conclusion: Open cholecystectomy is associated with a
higher rate of STEMI, Non-STEMI, and a markedly higher rate of mortality in comparison to the
laparoscopic approach. Our study suggests that laparoscopic cholecystectomy should remain the
first choice for patients needing gallbladder surgery.

Keywords: laparoscopic surgery; open cholecystectomy; cardiac complication; laparoscopic
intervention; laparoscopy

Introduction

A cholecystectomy is a surgical procedure that removes the gall bladder, typically done to treat
gallstone disease. There are two general approaches to performing the surgery, open cholecystectomy
(OC) and laparoscopic cholecystectomy (LC). The first cholecystectomy was performed in 1867 by
Carl Johann August Langerbuch and has since become one of the most commonly performed
abdominal surgeries. [2,12] OC is usually performed via a right subcostal incision, through which the
gallbladder is exposed, mobilized, and removed. [10] LC, which was first performed in 1985, has
since become the predominant method preferred by surgeons, with approximately 90 percent of such
surgeries being done in this manner. [8,9] It is considered the gold standard for cholelithiasis
treatment due to better outcomes compared to OC. [1,11,14,19] The biggest advantages of LC are
improved recovery time, less hospitalization time, and less postoperative pain. [6] Despite these
advantages, there are still indications for OC to be performed, generally from an inability to perform
the LC. This includes instances where complications occur during an LC and the operation needs to
be converted to OC, when the patient is unlikely to tolerate the LC, if cancer of the gallbladder is
suspected, or if the cholecystectomy is being performed as part of a larger operation. [5] Additionally,
despite LC generally having better outcomes, it is associated with a higher rate of bile duct injury as
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well as possibly increased operative morbidity and mortality in cirrhosis patients, though there is
conflicting data on this. [4,26] However there is evidence that performing LC early instead of delaying
it is associated with more positive outcomes, including reduced hospitalization duration. [7,14]

One of the most serious complications is myocardial injury. Plaque rupture and high myocardial
oxygen demand during surgery is the major cause of myocardial infarction. It has been reported that
in patients 45 years or older undergoing major non-cardiac surgery, over one percent will die from
myocardial injury within 30 days. [3,13] There is evidence that overall myocardial injury rate after
cholecystectomy is low. [14] However, there is not any research that examines the differences in
myocardial injury between OC and LC. To this end, the current article looks to compare inpatient
outcomes for these two procedures regarding the occurrence of myocardial infarctions and mortality.

Methods

Data Collection and Data Sources

The National Inpatient Sample (NIS) database was used in this study. The NIS, which is the
largest publicly available all-payer inpatient care database in the United States, was developed by the
Agency for Healthcare Research and Quality as part of the Healthcare Cost and Utilization Project to
allow for the analysis of rare conditions, uncommon treatments, and special populations. The NIS
database contains primary and secondary diagnoses for over seven million hospital admissions
annually across more than 1000 hospitals nationwide. This provides a stratified sample of patients
from approximately 20% of U.S. community hospitals. The database is de-identified, exempt from
IRB approval, and publicly available for analysis of nationwide trends in healthcare utilization and
outcomes.

Collected Information

This study included patients admitted to NIS hospitals from 2010 through 2014, selecting for
International Classification of Diseases, Ninth Revision (ICD-9) codes encompassing both open and
laparoscopic cholecystectomies. The ICD-9 codes used are as follows: Cholecystectomy (51.2, 51.22),
partial cholecystectomy (51.21), laparoscopic cholecystectomy (51.23), and partial laparoscopic
cholecystectomy (51.24).

Statistical Analysis

The Statistical Package for Social Sciences (SPSS) software was used to perform retrospective
univariate and multivariate analyses on NIS data from 2010 through 2014 to compare the inpatient
outcomes for open and laparoscopic cholecystectomy regarding the occurrence of myocardial
infarction and mortality. For univariate analysis, a chi-squared test was performed for five years. For
multivariate logistic regression analysis, we adjusted for age on admission, diabetes mellitus, tobacco
use, morbid obesity, and hypertension from 2010 and 2014. Odds ratios (ORs) and 95% confidence
intervals (ClIs) were calculated for both analyses. A p-value <0.05 was considered statistically
significant.

Results

Table 1 showing bassline characteristics. In the 2010 database, ST-elevation myocardial
infarction (STEMI) occurred at a higher rate, 0.12%, of patients who underwent an OC, compared to
0.04% of patients who had an LC performed (Odds ratio [OR]: 3.117; 95% confidence interval [CI]:
1.756-5.534; p<0.001). Similarly, Non-ST-elevation myocardial infarction (NSTEMI) incidence was
higher in those patients who had an OC performed (0.95%) than the 0.38% of those who underwent
LC. (OR: 2.534; CI: 2.079-3.088; p<0.001). Finally, the mortality rates were also higher for OC than LC,
with a 3.43% incidence compared to 0.38%, respectively. (OR: 9.224; CI:7.975-10.320; p<0.001). This
association was consistent throughout the five-year period studied, as shown in Tables 2—4. Figure 1
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demonstrates both STEMI and NSTEMI rates among cholecystectomies (open, laparoscopic, and

total). Figure 2 demonstrates the rate of mortality after cholecystectomy.

Myocardial Infarction Rates for Open &
Laparoscopic Cholecystectomy
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Figure 1. Myocardial Infarction rates for open and laparoscopic cholecystectomy.
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Figure 2. Mortality rates for open and laparoscopic cholecystectomy.

Table 1. Bassline characteristic of patients undergoing open cholecystectomy (OC) vs laparoscopic
cholecystectomy (LC).

ALL patients undergoing surgery

2010-2014 OoC LC P-value
Age (Mean=SD) 60.96+16.25 61.91+19.21 <0.001
Mortality 3.23% 0.38% <0.001
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Gender <0.001
Male 50.75% 34.69%
Female 49.25% 65.31%
Race <0.001
White 66.09% 60.64%
Black 10.56% 9.28%
Hispanic 10.69% 18.19%
Asian/Pac Isl 2.70% 2.22%
Native American 0.61% 0.72%
Others 9.35% 8.95%
Smoking 20.06% 21.47% <0.001
Obesity 14.34% 18.69% <0.001
Diabetes 22.26% 17.92% <0.001
Hypertension 42.36% 36.26% <0.001

Table 2. Univariate STEMI comparison between OC and LC.

STEMI OoC LC Odds Ratio Confidence Interval p-Value
2010 0.12% 0.04% 3.117 1.756-5.534 <0.001
2011 0.13% 0.04% 3.354 1.904-5.907 <0.001
2012 0.07% 0.03% 2.214 1.104-4.836 0.043
2013 0.12% 0.02% 5.208 2.545-10.657 <0.001
2014 0.08% 0.04% 2.181 1.004-4.737 0.046

Table 3. NSTEMI comparison between OC and LC.

NSTEMI oC LC Odds Ratio Confidence Interval p-Value
2010 0.95% 0.38%  2.534 2.079-3.088 <0.001
2011 0.88% 0.33%  2.656 2.153-3.276 <0.001
2012 1.04% 0.37%  2.806 2.276-3.460 <0.001
2013 0.90% 0.35%  2.559 2.040-3.210 <0.001
2014 0.92% 0.37%  2.480 1.968-3.125 <0.001

Table 4. Mortality comparison between OC and LC.

Mortality oC LC Odds Ratio Confidence Interval p-Value

2010 3.43% 0.38% 9.224 7.975-10.320 <0.001

2011 3.22% 0.40% 8.324 7.207-9.621 <0.001

2012 3.19% 0.40% 8.176 7.009-9.539 <0.001

2013 3.11% 0.38% 8.362 7.119-9.821 <0.001

2014 3.12% 0.35% 9.284 7.825-11.015 <0.001
Discussion

Cholecystectomies have been one of the most commonly performed surgeries in the United
States, and likely will continue to be for the foreseeable future. [2,12] As such, it is important to
evaluate best practice techniques to ensure optimal patient care. There is a large body of research
supporting the notion that laparoscopic cholecystectomy, compared to open cholecystectomy, is the
superior method for gallbladder removals, such as the study done by Soper et al. [11,19] LC has been
shown to have better outcomes in many areas, including patient recovery time and postoperative
pain, and is known to be relatively safe, notably with low rates of myocardial infarction and
mortality. [6,14] The rate of postoperative complications is lower with LC, and the length of the
hospital stay from such surgeries is dramatically lower than with OC. [21] This, in turn, helps to lower
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healthcare costs for the patient as well as operational cost-effectiveness for hospitals. LC also has the
added benefits of faster patient recovery, earlier return of mobility, a quicker return to diet, and
overall increased quality of life after surgery. [27,28] It has also been shown that the oxygenation
status of patients was more greatly impacted by undergoing OC as compared to LC, and that
pulmonary function was less affected. While reductions in pulmonary function after surgery happen
with either method, functional residual capacity, forced expiratory volume in 1 second, forced vital
capacity, and mid-expiratory flow were all significantly less reduced in those who underwent LC
compared OC. The LC group also had a much lower incidence of post-operational atelectasis, and for
those who did experience it, the symptoms were less severe. This suggests that because LC preserves
better tissue oxygenation is the more appropriate option for people suffering from chronic lung
disease. [18,20,25]

It is also known that while LC is generally the safer method, there are areas that have not shown
any improvement over OC, namely the incidence of post-cholecystectomy hemorrhage, or worse
outcomes in the case of inter-operational biliary injuries. [4,15] Differences in the immune response
to laparoscopic surgeries and their open counterparts have also been observed. It has often been
found that patients undergoing laparoscopic surgeries experience less immunosuppression than
those who have more traumatic, open surgeries. However, it has also been observed for
cholecystectomies specifically that cytokine markers of inflammation and immunosuppression were
significantly higher in LC over OC, although other studies have shown the opposite; that OC is
associated with higher strain on the immune system. [16,17,23,24] Along with this, it has also been
shown that the rate of surgical site infection in LC and OC is not significantly different, despite the
increased incisional area in OC. [22] There are also still clear indications for OC to be performed, such
as when the patient is unlikely to tolerate LC . It is usually related technical issues such as adhesions
or difficult access or when the gall bladder removal is only part of a larger surgery which requires an
open approach. [5] This goes to show that while overall LC is the superior method of performing
cholecystectomies, and is rightfully lauded as the gold standard, it is not without its potential
downsides.

With that in mind, we noted that whether LC differs from OC specifically related to myocardial
infarction as well as mortality had not been previously determined. While overall LC has been shown
to be the superior surgical approach, it is worthwhile to view it from a variety of lenses to find if there
are specific conditions in which surgeons may want to consider something else, such as
immunosuppression or pulmonary, liver, or in our case, cardiac contraindications. Our study found
that open cholecystectomy is associated with higher rates of STEMI, Non-STEMI and a markedly
higher rate of mortality in comparison to the laparoscopic approach in a large inpatient database from
2010 through 2014. After multivariate adjustment for age, obesity, diabetes, and hypertension, the
occurrence of STEMI, Non-STEMI, and mortality remained higher in the open cholecystectomy
cohort (mortality multivariate OR 6.4, CI 5.5-7.4, p<0001).

This data suggests that the current understanding of LC, that it should be regarded as the gold
standard for treatment of cholelithiasis, is warranted and should remain the first choice for patients
needing gallbladder surgery. Laparoscopic cholecystectomy is performed initially by insufflation
abdomen up to 15 mmHg of carbon dioxide before small incisions are made. Using a laparoscope
and long instruments, the gallbladder is retracted Electrocautery or scalpel is then used to separate
the gallbladder from the liver bed completely. Hemostasis is achieved after the abdomen is deflated
to 8 mmHg for 2 minutes. Common complications include infection, bleeding, and damage to the
surrounding tissues. [29]

Limitations

The results of this study are limited by its retrospective nature. Furthermore, there may be some
coding inaccuracies in the ICD-9-CM codes we analyzed from the NIS database. Since our results are
based on an inpatient database, they may not accurately reflect outpatient cases. A randomized trial
will give us the final answer.
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