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Laparoscopy is associated with decreased all-cause mortality
in patients undergoing emergency general surgery procedures
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Abstract

Background The aim of this study was to evaluate the use of laparoscopic surgery for common emergency general surgery
(EGS) procedures within an integrated Acute Care Surgery (ACS) network. We hypothesized that laparoscopy would be
associated with improved outcomes.

Methods Our integrated health care system’s EGS registry created from AAST EGS ICD-9 codes was queried from Janu-
ary 2013 to October 2015. Procedures were grouped as laparoscopic or open. Standard descriptive and univariate tests
were performed, and a multivariable logistic regression controlling for open status, age, BMI, Charlson Comorbidity Index
(CCI), trauma tier, and resuscitation diagnosis was performed. Laparoscopic procedures converted to open were identified
and analyzed using concurrent procedure billing codes across episodes of care.

Results Of 60,604 EGS patients identified over the 33-month period, 7280 (12.0%) had an operation and 6914 (11.4%)
included AAST-defined EGS procedures. There were 4813 (69.6%) surgeries performed laparoscopically. Patients under-
going a laparoscopic procedure tended to be younger (45.7 +18.0 years vs. 57.2+17.6, p<0.001) with similar BMI
(29.7+9.0 kg/m? vs. 28.8 +8.3, p <0.001). Patients in the laparoscopic group had lower mean CCI score (1.6 +2.3 vs.
3.4+3.2,p<0.0001). On multivariable analysis, open surgery had the highest association with inpatient mortality (OR 8.67,
4.23-17.75, p<0.0001) and at all time points (30-, 90-day, 1-, 3-year). At all time points, conversion to open was found to
be a statistically significant protective factor.

Conclusion Use of laparoscopy in EGS is common and associated with a decreased risk of all-cause mortality at all time
points compared to open procedures. Conversion to open was protective at all time points compared to open procedures.

Keywords Laparoscopy - Emergency general surgery - Minimally invasive surgery - Acute care surgery - Quality
improvement - Conversion to open

Acute Care Surgery (ACS) is composed of the three pil-
lars of Trauma, Surgical Critical Care (SCC), and Emer-
gency General Surgery (EGS) [1, 2]. Unlike the first two
disciplines listed above, the evaluation of EGS outcomes
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is relatively new. In 2012 the American Association for the
Surgery of Trauma (AAST) proclaimed the need for more
research and quality improvement in EGS [3, 4] and conse-
quently a defined set of EGS ICD-9 codes were endorsed by
the AAST [5]. This code-set elucidated that EGS has one of
the highest burdens of disease in the USA with over 4 mil-
lion admissions per year [5] and higher incidence rates than
diabetes, cardiovascular disease, and cancer [6]. Readmis-
sions within this group of conditions range from approxi-
mately 6% to 15.5% [7]. EGS procedures are estimated to
account for over 50% of all complications [6, 8], 50% of all
surgical mortality [4, 9-11], and cost over $28 billion USD
in 2010 [12].
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In contrast to trauma, no structured system exists to eval-
uate and coordinate the care of the EGS patient. Further,
national data suggest that the majority of EGS is performed
outside of large academic tertiary medical centers [8, 13].
Because the majority of EGS cases exist outside academic
centers, a lack of in-depth analysis of the regional differ-
ences in EGS outcomes results in a significant challenge to
improving quality of care and reducing mortality.

Surgeons have a broad set of technical skills but may have
varying levels of laparoscopic expertise. Graduating general
surgeons are increasingly being exposed to a broader set
of minimally invasive techniques for a wider set of indica-
tions [14, 15]. Currently, a lack of data exists regarding the
use of laparoscopy across the scope of EGS conditions and
practice environments, from community-based practice to
tertiary centers.

The principal aim of this study was to define how EGS
procedures within our integrated regional healthcare system
are approached and to evaluate all-cause mortality across
EGS procedures by laparoscopic vs open procedure type. We
hypothesized that patients would be more likely to undergo
laparoscopic surgeries at tertiary care centers and would
have reduced mortality compared to those undergoing open
procedures.

Methods
Patient population and data source

Atrium Health is an integrated health care system composed
of over 40 hospital and acute care facilities in the Southeast.
It includes 13 hospitals in the Charlotte metropolitan area,
including a pediatric hospital, two ACS-Verified Level III,
and the region’s only Level I Trauma Center, totaling over
2600 hospital beds. These facilities share a common EMR,
billing software, physician transfer line, helicopter EMS
service, and similar oversight of county-based EMS medi-
cal directorship. Surgeons operating at these facilities are
composed of both fellowship-trained physicians in Acute
Care Surgery, as well as General Surgeons operating in the
community. Given these commonalities, shared experience
and data, variable practice patterns, and majority of the mar-
ket share in the region, this system was chosen to examine
the practice patterns of EGS procedures within a regional
system.

The AAST-defined EGS ICD-9 diagnosis codes identified
by Shafi et al. were used to query our electronic data ware-
house (EDW) from the beginning of reliable system bill-
ing data, January 1, 2013 to October 1, 2015, when ICD-10
codes were introduced in the USA [5]. Inpatient and obser-
vation admissions, classified as emergent encounters within
our administrative dataset, with an AAST EGS diagnosis

code in any code position were included. Eight of the facili-
ties had complete billing data for the entire time period and
were included in the analysis. All facilities are located in
the Charlotte, North Carolina metropolitan area. No AAST-
defined codes were excluded. Patients less than age 18 and
outpatient encounters were excluded.

Variables, diagnosis, and procedure code grouping

Patient encounters identified by ICD-9 billing codes were
aligned with demographic and administrative data from
the EDW and post-discharge survival was elicited from the
Social Security Death Index (SSDI). Variables included
were age, sex, body mass index (BMI), hospital trauma tier
level, comorbidities, Charlson Comorbidity Index [16, 17],
length of stay, and discharge disposition.

Patients were then classified according to their diagnosis
categories as defined per the original AAST code-set into
the following 10 diagnosis groups: resuscitation, general
abdominal, intestinal obstruction, upper gastrointestinal
(UGI), hepatopancreatobiliary (HPB), colorectal, hernia,
soft tissue, vascular, and cardiothoracic. Patients were iden-
tified by ICD-9 procedure codes who underwent a procedure
that contributed to the most common EGS procedures as
established by Scott et al. that account for 80% of all proce-
dures, 80.3% of all deaths, 78.9% of all complications, and
80.2% of all costs in EGS patients [9]. These were partial
colectomy, small bowel resection, cholecystectomy, peptic
ulcer operations, lysis of adhesions (LOA), appendectomy,
and laparotomy.

Study design

After examination of the entire patient population to evalu-
ate the regional burden of EGS, an analysis of mortality
outcomes by procedure type (open vs laparoscopic) was per-
formed. The diagnosis codes for common laparoscopic and
open EGS cases and their grouping are displayed in Table 1.
Patient demographics, diagnoses, operations, and outcomes
were compared between these two groups. The primary
endpoint was inpatient mortality and secondary endpoints
were 30- and 60-day and 1- and 3-year mortality rates. For
diagnosis codes where an open procedure code was listed,
the procedure was categorized as “open.” Procedures with
only laparoscopic codes listed were deemed “laparoscopic.”
If a procedure listed both open and laparoscopic codes, it
was coded as “conversion” to open. Conversion was coded
as a separate variable in the multivariate regression analysis.

Statistical analysis

All data were analyzed using Statistical Analysis Software,
version 9.3 (SAS Institute, Inc., Cary, NC), after the study
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Table 1 ICD-9 diagnosis and procedure codes

Procedure type

Variable name

ICD-9 code for procedure

Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Laparoscopic
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open

Laparoscopic appendectomy

Laparoscopic LOA

Laparoscopic cholecystectomy

Laparoscopic partial cholecystectomy
Laparoscopic sigmoidectomy

Laparoscopic left hemicolectomy
Laparoscopic right hemicolectomy
Laparoscopic cecectomy

Laparoscopic total intra-abdominal colectomy
Laparoscopic unilateral repair of inguinal hernia
Laparoscopic bilateral repair of inguinal hernia
Unilateral repair of femoral hernia

Bilateral repair of femoral hernia
Laparoscopic umbilical with mesh
Laparoscopic umbilical without mesh

Ventral hernia repair without mesh
Laparoscopic ventral with mesh
Laparoscopic resection of transverse colon
Laparoscopic multiple segmental resection of large intestine
Exploratory laparotomy

Reopening of recent laparotomy site

Open appendectomy

Open LOA

Open cholecystectomy

Open partial cholecystectomy

Open sigmoidectomy

Open right hemicolectomy

Open left hemicolectomy

Open cecectomy

Loop ileostomy

Loop colostomy

End colostomy

End ileostomy

Open total intra-abdominal colectomy

Open unilateral repair of inguinal hernia
Open bilateral repair of inguinal hernia

Other and open repair of umbilical hernia with graft or prosthesis
Open umbilical without mesh

Open ventral with mesh

Open resection of transverse colon

Other open partial excision of large intestine
Open multiple colon resection

Small-to-large intestinal anastomosis
Large-to-large intestinal anastomosis
Small-to-small intestinal anastomosis

Anastomosis of small intestine to rectal stump

47.01
54.51
51.23
51.24
17.36
17.35
17.33
17.32
45.81
17.1 x
17.2 x
53.2 %
53.3 x
53.42
53.43
53.51 and 53.59
53.62 and 53.63
17.34
17.31
54.11 and 54.19
54.12
47.09
54.59
51.22
51.21
45.76
45.73
45.75
45.72
46.01
46.03
46.1x
46.2x
45.82
53.0 X
53.1 X
53.41
53.49
53.61 and 53.69
45.74
45.79
45.71
45.93
45.94
45.91
45.92

@ Springer



Surgical Endoscopy (2022) 36:3822-3832

3825

was approved by the Carolinas Medical Center Institu-
tional Review Board. Descriptive statistics were reported
as means with corresponding standard deviations for con-
tinuous variables and percentages for categorical variables.
Global univariate analyses were between patients by open vs
lap status. Categorical variables were evaluated using Pear-
son’s chi-squared and Fisher’s exact test where appropri-
ate. Continuous and ordinal variables were evaluated using
Wilcoxon—-Mann—Whitney and the Kruskal-Wallis tests.
Multivariable reverse stepwise logistic regression was per-
formed to evaluate the open versus laparoscopic procedure
type and inpatient mortality, controlling for key confounding
variables which were established a priori. These included
standard demographics (age, sex, BMI group, CCI), con-
version to open, and diagnoses and procedures shown to
have high rates of mortality on prior national EGS studies
(obstruction, resuscitation and soft tissue diagnoses, lapa-
rotomy, and number of procedures performed). Odds ratios
with corresponding 95% confidence intervals were used to
report the results of the multivariate regression models. Sta-
tistical significance was set at p <0.05, and all reported p
values are two-tailed.

Results

Of 60,604 EGS patients identified over the 33-month period,
7280 (12.0%) had an operation and 6914 (11.4%) included
the above surgery types. There were 4813 (69.6%) surger-
ies performed laparoscopically. Table 2 demonstrates an
overview of patient characteristics included in this study by
laparoscopic vs open status. Patients undergoing a laparo-
scopic procedure tended to be younger (45.7 +18.0 years
vs 57.2+17.6, p<0.001). Roughly half of patients in
both groups were female and BMI was roughly similar
(29.7£9.0 kg/m* vs 28.8 +8.3, p<0.001). Patients in the
laparoscopic group had on average a lower Charlson Comor-
bidity Index (1.6 +2.3 vs 3.4+3.2, p<0.0001).

Procedure type by diagnosis, location,
and operation

Patient procedures are displayed by location, diagnosis type,
and AAST-defined diagnosis groups in Table 3. Of note, dis-
ease and operative categories are not mutually exclusive and
therefore percentages are not cumulative to 100%. The high-
est magnitude of procedures were performed at non-trauma
centers within the integrated health care system, making up
55.0% of laparoscopic procedures and 40.9% of open pro-
cedures. As shown in Fig. 1, the diagnosis of cholecystitis
and appendicitis were most prevalent in patients receiving a
laparoscopic procedure, and hepatopancreatobiliary (HPB)
diagnosis groups made up 53.8% of laparoscopic procedures.

Table2 Atrium Health EGS patient characteristics by laparoscopy
status

Diagnosis Laparoscopic  Open p value
n=4813 (%) n=2101 (%)

Age (years = SD) 4571+17.98 57.15+£17.56 <0.001

BMI (kg/m®+ SD) 29.66+9.01 28.79+8.34 <0.001

Gender <0.001
Male 1983 (41.2) 1048 (49.88) <0.001
Female 2830 (58.8) 1053 (50.12) <0.001

CClI score 1.61+2.26 3.44+3.22 <0.0001
Myocardial infarction 132 (2.98) 126 (6.14) <0.0001
CHF 171 (3.86) 220 (10.72)  <0.0001
Peripheral arterial disease 111 (2.51) 248 (12.09) <0.0001
Cerebrovascular disease 82 (1.85) 100 (4.87) <0.0001
Dementia 20 (0.45) 22 (1.07) 0.0038
COPD 571 (12.9) 471 (22.95) <0.0001
Connective tissue dis- 61 (1.38) 70 (3.41) <0.0001

order

Peptic ulcer disease 49 (1.11) 75 (3.65) <0.0001
Mild liver disease 428 (9.31) 210 (11.15) 0.0056
Moderate liver disease 12 (0.27) 46 (2.24) <0.0001
Uncomplicated diabetes 561 (12.68) 408 (19.88) <0.0001
Complicated diabetes 57 (1.29) 56 (2.73) <0.0001
Hemiplegia 30 (0.68) 39(1.9) <0.0001
ESRD 206 (4.65) 255(12.43)  <0.0001
Active malignancy 154 (3.48) 239 (11.65) <0.0001
Metastatic disease 36 (0.81) 99 (4.82) <0.0001
AIDS 18 (0.41) 4(0.19) 0.1729

SD Standard deviation, BMI Body Mass Index, CCI Charlson Comor-
bidity Index, CHF Congestive heart failure, COPD Chronic obstruc-
tive pulmonary disease, ESRD End-Stage Renal Disease, AIDS
Acquired immune deficiency syndrome

Patients with ventral hernia diagnosis codes were most com-
monly treated using an open procedure. When patients did
undergo a laparoscopic procedure for ventral hernia, it was
almost always for a non-incarcerated ventral hernia repair.
Incarcerated ventral hernias were most often corrected using
an open approach (42 vs 311 cases) and all strangulated ven-
tral hernias were performed open. A similar trend was found
among inguinal hernia repair, with the majority of cases
using an open approach. Across AAST-defined diagnosis
groups, intestinal obstruction and upper GI tract conditions
were listed most commonly for open procedures (38.4% and
54.9%, respectively).

The percentage of operations by type are found in
Table 4. Appendectomy and cholecystectomy were the most
common laparoscopic procedures performed, whereas colo-
rectal procedures codes were involved in 83% of all open
EGS procedures. Ventral and inguinal hernias were more
likely to be performed in an open fashion, whereas umbilical
hernia repairs were split. All umbilical hernia repairs with
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Table 3 Laparoscopic vs open procedure type by initial diagnosis

Diagnosis and location type  Laparoscopic Open p value
n=4813 (%) n=2101 (%)
Trauma center <0.0001
Level 933 (19.38) 648 (30.84)
Level III 1230 (25.56) 594 (28.27)
Level IV 2650 (55.06) 859 (40.89)
Diagnosis type
Diverticulitis 67 (1.39) 188 (8.95) <0.0001
Cholecystitis 2279 (47.35) 250 (11.9) <0.0001
Appendicitis 1929 (40.08) 232 (11.04) <0.0001
Peritonitis 19 (0.39) 180 (8.57) <0.0001
C. Difficile infection 9(0.19) 35 (1.67) <0.0001
Megacolon 1(0.02) 9(0.43) <0.0001
Pancreatitis 428 (8.89) 65 (3.09) <0.0001
Ventral hernia 225 (4.67) 614 (29.22) <0.0001
Non-acute ventral hernia 186 (3.86) 317 (15.09) <0.0001
Strangulated ventral 0(0) 13 (0.62) <0.0001
hernia
Incarcerated ventral 42 (0.87) 311 (14.8) <0.0001
hernia
Inguinal hernia 36 (0.75) 130 (6.19) <0.0001
Non-acute inguinal 30 (0.62) 27 (1.29) 0.0051
hernia
Strangulated inguinal 0(0) 2(0.1) 0.0323
hernia
Incarcerated inguinal 6 (0.12) 103 (4.9) <0.0001
hernia
AAST-defined diagnosis
groups
Cardiothoracic 1(0.02) 30(1.43) <0.0001
Colorectal 182 (3.78) 464 (22.08) <0.0001
General abdominal 738 (15.33) 603 (28.7) <0.0001
Hepatopancreatobiliary 2604 (54.1) 391 (18.61) <0.0001
Hernias 258 (5.36) 727 (34.6) <0.0001
Intestinal obstruction 258 (5.36) 806 (38.36) <0.0001
Resuscitation 35(0.73) 214 (10.19) <0.0001
Soft tissue 46 (0.96) 151 (7.19) <0.0001
Upper GI tract 2183 (45.36) 1154 (54.93) <0.0001
Vascular 12 (0.25) 219 (10.42) <0.0001

Disease and operative categories are not mutually exclusive and
therefore percentages are not cumulative to 100%

mesh were done laparoscopically (8 total) versus 177 cases
without mesh performed in an open fashion. The majority of
appendectomies and cholecystectomies were performed lap-
aroscopically (1949 vs 253 and 2580 vs 312, respectively).
Peptic ulcer disease repair, small bowel resection, and intes-
tinal anastomoses were all primarily approached with open
procedures. Lysis of adhesions had a mixed procedure type,
with approximately one-third performed laparoscopically
(209 vs 631).
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Patient mortality by operation type

Mortality over time by open surgery status is displayed in
Fig. 2 and was statistically higher at all time points in the
open group (p <0.001 for all). On multivariable analysis
(Table 5), open surgery had the highest association with
inpatient mortality with an OR 8.67 (4.23-17.75), which was
followed by resuscitation diagnosis, OR 7.68 (5.05-11.7),
and age 654 OR 3.27 (1.4-7.62). A similar trend was seen
for 30- and 90-day and 1- and 3-year mortality as shown in
Table 6. Odds of mortality for open procedures decreased
at each time point, with the lowest being at year 3 (OR 2.13,
95% CI 1.7-2.7). At all time points, operations at non-
trauma centers had an OR less than or equal to 1.00.

In this dataset, 181 procedures were characterized by
diagnosis codes that included both laparoscopic and open
procedure codes indicating a conversion to open during the
case. At all time points, conversion to open was found to
be a statistically significant protective factor. For inpatient
mortality, patients with conversion to open had an OR 0.18
(0.04-0.82; p=0.03). OR for conversion to open continued
to protective (OR < 1) across 30- and 90-day and 1- and
3-year mortality, with a trend toward decreased odds of
mortality in early recovery when compared to open cases
(Lowest OR 0.18 for inpatient stay versus OR 0.43 for 3-year
mortality).

Discussion

The evidence provided in this study illustrates that EGS
procedures at hospitals in a large integrated health care
system are most often approached via minimally invasive
techniques and, when done in this matter, are associated with
a decreased risk of mortality at all time points. We found
that patients undergoing laparoscopic procedures tended to
be younger with similar BMIs and on average had a lower
CCI compared to those undergoing open procedures. Hav-
ing an open procedure with an emergency general surgery
diagnosis code was an independent risk factor for inpatient
mortality. However, patients undergoing laparoscopy that
converted to open had decreased mortality at all time points
compared to those undergoing open procedures. A key to
understanding this result, and other similar studies, is that
patient physiology, hemodynamics, and level of contamina-
tion and/or obstruction often dictate the ability to pursue a
laparoscopic approach. Furthermore, if laparoscopy is fea-
sible to attempt, the known benefits of laparoscopic surgery
do translate to EGS patients.

The findings from this study are similar to what has
been found internationally regarding the use of minimally
invasive techniques. Overall, the use of laparoscopy has
been increasing in abdominal emergency operations [18];
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and a laparoscopic approach has shown to provide benefit
in multiple EGS disease processes [19-21]. Laparoscopic
procedures in emergency surgery in the past have not always
been recommended due to concerns regarding patient physi-
ology, lack of overall laparoscopic training, and/or experi-
ence with laparoscopic emergencies [22]. However, uptake
of laparoscopic skills has increased with newly trained gen-
eral and acute care surgeons [23, 24], and it is clear from our
data that this trend is continuing in the USA both in Level
I trauma centers and non-trauma centers. In fact, our data
show that non-trauma centers perform the majority of these
minimally invasive procedures. Since 2008, the ACGME
further increased case requirements for minimally invasive
surgeries in general surgery residency training programs
[25], further signaling the importance of minimally invasive
surgical techniques.

It has been shown that laparoscopic procedures can
be safe and associated with reduced length of stay, early
resumption of daily activities, and earlier return to work
[26-29]. Our data further these findings in regard to all-
cause mortality demonstrating that open procedures have
an increased risk of death at all time points compared to
laparoscopic procedures. The majority of procedures done
laparoscopically were for biliary disease and appendicitis.
This has been shown to be standard of care across Europe
and is an expected result for a large integrated health care
system in the USA [30]. In contrast, the majority of open
procedures involved colorectal and small bowel obstruction
diagnosis codes. It has been shown that laparoscopy can be
a safe first approach in these diagnosis groups as well. A

systematic review of laparoscopy for small bowel obstruc-
tion and lysis of adhesions showed a success rate of 64% and
when completed, patients undergoing minimally invasive
techniques had reduced morbidity and length of stay [31].

The magnitude of open procedures on mortality out-
comes found in our study therefore may be less due to the
safety of the surgical approach or the laparoscopic exper-
tise and experience of the surgeon, but more likely due to
the presenting physiology. Without significant clinical data
(vitals, labs, imaging) for these cases, multivariate analysis
is unable to fully explain surgical decision-making, particu-
larly at higher-level trauma centers where patients may be
referred for their complexity or worsening clinical status.
These data also highlight the importance of laparoscopic
training in general surgery residents, so that graduating
general surgeons have the operative skills to perform these
common procedures in a minimally invasive manner. Cur-
rently, ACGME requires a minimum of 150 laparoscopic
cases and completion of the Fundamentals of Laparoscopic
Surgery (FLS) training in order to graduate [32]; however,
the average number of laparoscopic cases has increased sub-
stantially in the last 20 years. A recent study by Bingmer
et al. demonstrated that in 5 key procedures, number of lapa-
roscopic cases have increased from 23 to 136 a year (462%
increase) from 2000 to 2018 [33]. At the same time there
was an overall increase in cases but decreased percentage
of open cases, signifying that graduates of general surgery
residency are getting more exposure and experience with
laparoscopic surgery.
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Table 4 Operations by surgery

type Diagnosis and location type Laparoscopic Open p value
n=4813 (%) n=2101 (%)

Appendectomy 1949 (40.49) 253 (12.04) <0.0001
Cholecystectomy 2580 (53.6) 312 (14.85) <0.0001
Partial cholecystectomy 0(0) 5(0.24) 0.0007
Laparotomy/laparoscopy 0(0) 330 (15.71) <0.0001

Exploratory laparotomy 0(0) 185 (8.81) <0.0001
Reopen laparotomy 0(0) 167 (7.95) <0.0001
Peptic ulcer disease repair 4 (0.08) 19 (0.9) <0.0001
Lysis of adhesions 209 (4.34) 631 (30.03) <0.0001
Colorectal procedures 163 (3.39) 1743 (82.96)
Sigmoidectomy 40 (0.83) 212 (10.09) <0.0001
Right hemicolectomy 49 (1.02) 213 (10.14) <0.0001
Left hemicolectomy 11 (0.23) 60 (2.86) <0.0001
Cecectomy 18 (0.37) 55 (2.62) <0.0001
Loop ileostomy 4 (0.08) 19 (0.9) <0.0001
Loop colostomy 2 (0.04) 4 (0.19) 0.0532
End colostomy 17 (0.35) 203 (9.66) <0.0001
End ileostomy 4 (0.08) 78 (3.71) <0.0001
Partial colectomy 0(0) 566 (26.94) <0.0001
Transverse colectomy 3 (0.06) 34 (1.62) <0.0001
Small bowel resection 15 (0.31) 299 (14.23) <0.0001
Intestinal anastomosis 15 (0.31) 299 (14.23)
Small-to-large intestine anastomosis 17 (0.35) 78 (3.71) <0.0001
Large-to-small intestinal anastomosis 7(0.15) 22 (1.05) <0.0001
Small-to-small intestinal anastomosis 1(0.02) 63 (3) <0.0001
Hernia repair 47 (0.98) 606 (28.84)
Unilateral right inguinal hernia repair 11 (0.23) 119 (5.66) <0.0001
Bilateral inguinal hernia repair 1 (0.02) 3(0.14) 0.5088
Unilateral right femoral hernia repair 0(0) 29 (1.38) <0.0001
Bilateral femoral hernia repair 0(0) 24 (1.14) <0.0001
Umbilical hernia repair with mesh 8 (0.17) 0(0) 0.0615
Umbilical hernia repair without mesh 0(0) 177 (8.42) <0.0001
Ventral hernia repair with mesh 27 (0.56) 110 (5.24) 0.0006
Ventral hernia repair without mesh 0(0) 144 (6.85) <0.0001

Disease and operative categories are not mutually exclusive and therefore percentages are not cumulative to

100%

After controlling for age, BMI, resuscitation diagnosis,
trauma tier, emergency exploratory laparotomy (known
higher risk), and comorbidities, conversion from laparo-
scopic to open procedure was found to be protective in this
cohort undergoing common EGS procedures. It has been
shown in prior studies that patients undergoing appendec-
tomy who converted to open had a higher likelihood of com-
plications [34]. Similarly, patients undergoing cholecystec-
tomy who converted to open were shown to have higher
30-day morbidity and longer postoperative length of stay
[35]. However, all-cause mortality findings in prior work
have not demonstrated a similar trend. In patients under-
going cholecystectomy, it has been shown that 30-day
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mortality rates were similar among those undergoing lapa-
roscopic versus cases converted to open [35]. This trend has
been demonstrated among other common EGS procedures,
such as colorectal resections, where multivariate regression
analysis has shown in-hospital mortality rates for converted
procedures that are similar to laparoscopic cases (0.5% vs
0.6%, respectively) [36]. This finding indicates that patients
undergoing EGS procedures may benefit from attempted
laparoscopic intervention, even if later converted to open.
Unfortunately, our dataset does not currently incorporate
physiologic data such as vitals, laboratory values, and sub-
sequent risk scores such as Shock Index, SOFA score, and
APACHE. Therefore, the multivariate model was not able to
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Fig.2 Mortality over time by

18.71

13.37

9.47

7.95

20.0
laparoscopy status
18.0
16.0
14.0
3 120
2
= 10.0
£
S 8.0 6.43
=
S 6.0
o
[
4.0
2.0
0.0
INPATIENT
Table 5 Multivariable analysis: inpatient mortality
Variable OR 95% CI p value
Open surgery vs lap 8.67 4.23-17.75 <0.0001
Conversion to open 0.18 0.04-0.82 0.0271
Age: 1844 Ref.
45-54 1.77 0.71-4.4 0.828
55-64 2.38 1.01-5.64 0.327
65+ 3.27 1.4-7.62 0.006
CClI score (per point increase) 1.21 1.14-1.29 <0.0001
Trauma designation: level 1 Ref.
Level 11 0.65 0.4-1.05 0.5262
Non-trauma center 0.32 0.19-0.53 <0.0001
Resuscitation diagnosis 7.68 5.05-11.7 <0.0001
Laparotomy 2.99 1.89-4.74 <0.0001

Bold indicates the primary outcome of interest

Multivariate analysis controlled for key demographic variables
including age, sex, BMI group, and CCI

control for the significant confounding factors that represent
the physiologic derangement that is present in the high acu-
ity and emergent conditions that constitute EGS. While these
factors are not likely to affect a significant portion of less
complex and comorbid disease processes such as cholecys-
titis and appendicitis, presentations for perforation, obstruc-
tion, and intra-abdominal sepsis are likely to present with
severely compromised hemodynamics and organ dysfunc-
tion. In these scenarios, laparoscopy may not be appropriate
given decreased preload and possible bradycardia associated
with pneumoperitoneum [37]. In addition, the principles of
damage control and early source control in sepsis may not be
feasible with laparoscopy in complex and unstable patients.

30-DAY 90-DAY 1-YEAR 3-YEAR
Time Period
e=@==] aparoscopic Open

These factors may be the largest influencers of choosing to
perform a laparoscopic surgery at the onset of surgery; how-
ever, other factors can also lead to an open first approach or
lead to conversion. Specifically, higher rates of obstructive
and infectious processes can lead to decreased abdominal
domain and working room during laparoscopy. However,
this multivariate analysis does show that of patients that
could be started laparoscopic (likely in the setting of stable
hemodynamics) and had to subsequently be converted, mor-
tality risk was similar to laparoscopic surgery.

Multiple studies have contributed to the understanding
of disease severity and the optimal management for the
most common EGS procedures [38—40]. The continued
push toward standardization in the management of com-
mon EGS procedures improves outcomes and limits vari-
ance. The development of guidelines based on severity
can help achieve improved outcomes for all patients [41].
Multiple risk-based scoring systems have been developed to
aid in decision-making regarding laparoscopic versus open
approaches across various procedures, including for chol-
ecystectomy and appendectomy [42, 43]. These initiatives
have demonstrated perioperative and intraoperative findings
that may help predict safest clinical practice in regard to sur-
gical approach. However, practice decisions at academic ver-
sus community hospitals vary significantly [44]. The results
found in this study indicate that utilizing a laparoscopic first
approach may improve immediate and long-term mortality
in patients undergoing common EGS procedures.

The limitations of this study include the use of ICD-9
billing code data, which serves only as a proxy for the diag-
nosis and final surgery. Because of the non-specificity of
the data, some procedures may be coded for multiple types
of operations (for example, right hemicolectomy and small
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Table 6 Multivariate analysis: long-term mortality

OR 95% CI p value
30-day mortality
Open surgery vs lap 3.918 2.504-6.132 <0.0001
Age: 18-44 Ref.
45-54 2.58 1.042-6.364 0.8501
55-64 3.11 1.311-7.394 0.2107
65+ 4.66 2.014-10.784 0.0001
CCI score (per point increase) 1.30 1.232-1.362 <0.0001
Trauma designation: level 1 Ref.

Level IIT 0.97 0.638-1.469 0.1126
Non-trauma center 0.53 0.34-0.818 0.0011
Resuscitation diagnosis 4.72 3.17-7.019 <0.0001
Conversion to open 0.26 0.075-0.911 0.0351

Laparotomy 3.12 2.014-4.834 <0.0001
90-day mortality
Open surgery vs lap 3.15 2.177-4.558 <0.0001
Age: 18-44 Ref.
45-54 2.15 1.016-4.557 0.8981
55-64 2.45 1.197-5.019 0.3404
65+ 3.69 1.853-7.331 <0.0001
CCI score (per point increase) 1.32 1.258-1.38 <0.0001
Trauma designation: level 1 Ref.

Level III 1.03 0.706-1.507 0.0543
Non-trauma center 0.57 0.386-0.847 0.0006
Resuscitation diagnosis 4.43 3.034-6.456 <0.0001

Conversion to open 0.30 0.101-0.904 0.0323
Laparotomy 2.70 1.774-4.092 <0.0001

1-year mortality

Open surgery vs lap 2.484 1.86-3.318 <0.0001

Age: 18-44 Ref.

45-54 2.83 1.584-5.048 0.0912
55-64 2.59 1.46-4.586 0.2331
65+ 3.26 1.88-5.662 0.0009

CCI score (per point increase) 1.37 1.313-1.426 <0.0001

Trauma designation: level 1 Ref.

Level III 1.11 0.798-1.533 0.068
Non-trauma center 0.75 0.537-1.034 0.0114
Resuscitation diagnosis 2.75 1.918-3.934 <0.0001

Conversion to open 0.40 0.173-0.921 0.0314

Laparotomy 1.90 1.262-2.849 0.0021
3-year mortality

Open surgery vs lap 2.132 1.695-2.682 <0.0001

Age: 18-44 Ref.

45-54 1.64 1.081-2.494 0.4499
55-64 1.46 0.968-2.214 0.8288
65+ 2.10 1.427-3.095 0.0003

CCI score (per point increase) 1.42 1.361-1.471 <0.0001

Trauma designation: level 1 Ref.

Level III 1.37 1.032-1.81 0.0015
Non-trauma center 091 0.688-1.199 0.024
Resuscitation diagnosis 2.04 1.445-2.878 <0.0001

Conversion to open 0.43 0.212-0.867 0.0185

Laparotomy 1.74 1.192-2.547 0.0042
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Table 6 (continued)

Bold indicates the primary outcome of interest

Multivariate analysis controlled for key demographic variables
including age, sex, BMI group, and CCI

bowel resection). Additionally, this analysis relied on AAST-
defined diagnosis groupings, which group appendicitis diag-
nosis codes under upper GI diagnosis groups and cholecys-
titis diagnosis codes under HPB diagnosis groupings, which
may impact data reporting. This data therefore provides a
snapshot of the procedures but lacks more specific details
about the operation or why it was performed. Additionally,
results may vary depending on the resources of the varying
facilities, causing one institution to opt to send more compli-
cated pathologies to larger centers and for open procedures
to be more common at tertiary centers. This in turn may be
why we saw a lower CCI index in patients undergoing lapa-
roscopic surgeries, as well as why most minimally invasive
cases are done at non-trauma centers. Regarding general-
izability, this dataset demonstrates referral and treatment
patterns for a single large integrated health care system in
the Southeastern United States. Given procedure guideline
variation across various institutions and US regions, these
results may vary geographically. Lastly, this study is limited
in understanding the training across surgeons operating at
various facilities (fellowship-trained Acute Care Surgeons
versus general surgery and minimally invasive surgery train-
ing). In the future, we hope to utilize patient-specific clini-
cal data (such as vitals, lab values, and clinical imaging) to
better characterize the treatment patterns and outcomes for
emergency general surgery cases in an integrated health
system.

Conclusion

Use of laparoscopic techniques in emergency general sur-
gery cases is common within a large integrated health care
system. When adjusted for preoperative risk factors, use of
laparoscopic techniques were associated with a decreased
risk of all-cause mortality at all time points compared to
open procedures. When controlling for age, BMI, and CClI,
patients undergoing EGS procedures laparoscopically who
convert to open had decreased odds of mortality compared to
open procedures at all time points, providing some evidence
to pursue a laparoscopic first approach in EGS cases.
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