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ABSTRACT

Background Comorbidity has a detrimental impact on
Emergency General Surgery (EGS) outcomes. In lesser-
developed countries with inconsistent documentation

of comorbid conditions, undiagnosed and progressively
worsening comorbidities can worsen EGS outcomes. We
aimed to discern the comorbidity index as a predictor

of complications and inpatient mortality in EGS using a
large South Asian sample population.

Materials and methods Data of adult patients with
AAST-defined EGS diagnoses at primary index admission
from 2010 to 2019 were retrieved. Patients were
categorized into predefined EGS groups using ICD-9

CM codes. Primary exposure was comorbidity using the
Charlson Comorbidity Index (CCl). The primary outcome
was inpatient mortality, and the secondary outcome was
complication status. Multiple logistic and Cox regression
with Weibull distribution was performed.

Results Analysis of 32 280 patients showed a mean
age of 40.06+16.87 years. Overall comorbidity, inpatient
mortality, and complication rates were 44.6%, 2.42%
and 36.37%, respectively. Patients with moderate CCl
had the highest complications (AOR 6.61, 95% ClI 5.91,
7.37), and severe comorbidity had the highest hazards
(AOR 3.79, 95% Cl 2.89, 4.98). Male gender, increasing
age, emergent admission status, and lack of insurance
were associated with moderate and severe CCl, resulting
in prolonged length of stay (5.72 and 5.83 days),
reduced survival time (20.04 and 21.95days), and higher
mortality rates (10.52% and 9.48%).

Conclusions We identified predictive patient-level
factors associated with higher CCl and worse EGS
outcomes. Our findings can help stratify population
subsets at risk of worse outcomes, provide valuable
insight into disease progression, and aid decision-making
in EGS patients.

Level of Evidence Il

INTRODUCTION

Acute care surgery (ACS) conditions present a high-
risk subset of patients associated with increased
morbidity and mortality. Now defined as an inde-
pendent component of ACS, Emergency General
Surgery (EGS) conditions require acute manage-
ment of complex surgical conditions. This neces-
sitates sound and swift decision-making while
ensuring individually tailored care to a wide array
of patients.! While timely access to care is of utmost
importance in such acute care conditions, other
patient-level factors and comorbid conditions have

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Patients with pre-existing conditions tend to
have worse hospital outcomes in Emergency
General Surgery (EGS) patients.

WHAT THIS STUDY ADDS

= Due to the paucity of literature from low-
income and middle-income countries, the
severity of comorbidities and their effect on EGS
outcomes are poorly understood.

= Our findings show that patients with severe
Charlson Comorbidity Index (CCl) had the
highest hazards of mortality, while patients
with moderate CCI had higher odds of
developing complications.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= Our study findings make the case for risk-
stratifying the patients based on their
comorbidity severity to improve EGS outcomes.

= Attention from clinicians is required to aid the
decision-making of EGS patients.

also been shown to influence outcomes in EGS
directly.’> Hence, it is essential to ensure that access
to surgical care is in adjunct with perioperative
optimization of the underlying medical conditions,
which are integral to improving postoperative
outcomes.?

Various underlying secondary medical condi-
tions directly influence disease complexity across
the spectrum of health conditions. Due to higher
complication rates and mortality from comorbid
conditions in ACS, prognostication of outcomes
mandates the need for accurate risk stratification
before surgery.* Among the various tools devel-
oped, the Charlson Comorbidity Index (CCI) lever-
ages specific comorbid medical conditions, ranking
risk groups through severity scores attributed to
specific illnesses’ to predict their cumulative risk of
1year mortality.®

The CCI has been extensively validated for use in
various medical and surgical conditions, with higher
CClI scores associated with increased risk of adverse
outcomes, including complication rates, length of
stay, and mortality.” Recent efforts toward bench-
marking in ACS have also validated the use of CCI
as a risk prediction tool in the context of emergency
general surgery! in developed countries. However,
complication rates and outcomes of EGS remain
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non-uniform globally, owing to unique racial, geographical, and
sociodemographic influences on human physiology. Patterns of
frequency and severity of comorbidities and their impact on
disease prognosis vary across populations and patient profiles.
As such, the utility of tools leveraging patient-level factors for
outcome assessment can vary across societies, influenced by their
unique sociodemographic case mix.

In lesser-developed countries, healthcare systems largely
depend on out-of-pocket payments, despite most of their
populations falling below the poverty line.® Such costs add to
the financial constraints that are a significant barrier to timely
healthcare access. Subsequent poor follow-up rates with health-
care providers lead to increased progression and severity of
comorbid conditions.”!! This is further aggravated by a lack of
centralized patient databases and inconsistent documentation of
comorbid conditions, making risk stratification difficult in time-
sensitive, acute care settings.'? '* While the negative impact of
comorbidity on EGS conditions is already well known, undi-
agnosed and progressively worsening comorbidities in such
populations can have an even worse effect on disease course
and outcomes. Understanding profiles of patients and popula-
tion subsets at high risk of severe comorbidity (high CCI scores)
and complications from EGS can aid in decision-making and
outcome prognostication. Hence, the objective of this study
is to discern the comorbidity index as a predictor of inpatient
mortality and major complications in EGS using a large South
Asian sample population.

METHODS

Patient population and data source

A secondary analysis was conducted using Electronic Medical
Records (EMRs) data from a large urban tertiary care hospital in
South Asia. Patient entries from the institutional administrative
database were retrieved for primary index admissions with an
American Association for Surgery and Trauma (AAST) defined
EGS diagnosis' from 2010 to 2019. Patients were identified
and categorized into predefined EGS groups using the Interna-
tional Classification of Diseases-9th Rev.-Clinical Modification

(ICD-9-CM) codes corresponding to primary and secondary
EGS conditions outlined by the AAST. This yielded data on
80704 patients admitted over a decade. A schematic diagram
of the number of records analyzed is presented in figure 1. The
patients included were admitted from the emergency depart-
ment and consultant clinics with a primary EGS diagnosis at
index admission. Thereby, a cohort of 32280 patient records
was identified. These included all adult patients admitted to our
center without racial, ethnic, or gender restrictions.

Variables and code groups

To ensure the absence of redundancy and duplicate entries,
patients admitted through hospital-associated secondary facili-
ties, outside referral centers, community health centers, depart-
ments other than the ED or CC, and repeat admissions were
excluded. The final patient cohort included those admitted with
unique ICD-9-CM codes corresponding to the following EGS
conditions at primary index hospital admissions* !5:

1. General abdominal conditions: abdominal pain, abdomi-
nal hernia, peritonitis and intestinal abscess, cancer of gas-
trointestinal (GI) organs and peritoneum, gastrointestinal
hemorrhage.

2. Intestinal obstruction: intestinal obstruction without her-
nia, cancer of the colon, rectum, and anus.

3. Upper gastrointestinal tract: appendicitis and other appen-
diceal conditions, gastritis and duodenitis, gastroduodenal
ulcer (except hemorrhage), intestinal infections, other dis-
orders of the stomach and duodenum.

4. Hepatic—pancreatic-biliary conditions: biliary tract disease,
pancreatic disorders (not diabetes)

5. Lower gastrointestinal tract: anal and rectal conditions, di-
verticulosis and diverticulitis, hemorrhoids, regional enteri-
tis, and ulcerative colitis.

6. Cardiothoracic conditions: aortic and peripheral arterial
embolism; aortic, peripheral, and visceral arterial disease,
esophageal disorders, pericarditis, endocarditis and myocar-
ditis, pleurisy, pneumothorax, pulmonary collapse.

73,097 patients admitted with an AAST ] ]
defined EGS diagnosis (primary and 33,051 patients with a
secondary) between 2010-2019 and aged > ' secondary EGS diagnosis
18 years excluded
\ 4
. . . 2,297 patients with an
4 h E — ’
0,036 patldeir;tgsn\;f;tis 2rﬁr;mary GS admission source other than
ED and CC excluded
A 4
37,739 patients admitted through ED and CC === 5 459 patients with repeat EGS
only admissions excluded
\ 4

32,280 total EGS Primary Index with ED and
CC as admission sources

Figure 1
general surgery; ED, emergency department.

Schematic inclusion and exclusion criteria. AAST, American Association for Surgery and Trauma; CC, consulting clinic; EGS, emergency
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7. Vascular: peripheral and visceral atherosclerosis, phlebitis,
thrombophlebitis, and thrombosis

8. Skin conditions and soft tissues: chronic ulcer of skin, skin
and subcutaneous tissue infections, gangrene

9. Resuscitation: acute respiratory failure, shock.

10. Others: neoplasms of unspecified nature, other connective
tissue diseases, other diseases of bladder and urethra, com-
plication of device; implant or graft, complications of surgi-
cal procedures and aftercare.

The hospital database provided information on patient demo-

graphics (age, sex, insurance status, area of residence), ICD-

9-CM diagnostic codes, procedure codes, and length of stay.

Additional information that was retrieved or otherwise calcu-

lated included patient-level characteristics: admission status

(elective and emergent admission), comorbidities (as identified in

the CCI), complications, and discharge disposition (expired, sent

home, left against medical advice, transferred due to personal
reasons, and transferred to a healthcare facility).

Comorbid conditions (primary exposure) included in CCI
were coded and stratified based on the severity of underlying
conditions, with a score of 0 corresponding to none, a score
of 1-2 corresponding to mild, a score of 3—4 corresponding to
moderate, and a score of 5 and above corresponding to severe
CCI. A major complication included myocardial infarction, cere-
brovascular accident/stroke, deep vein thrombosis/pulmonary
embolism/thrombophlebitis, acute renal failure, pneumonia,
pulmonary failure, urinary tract infection, sepsis, septic shock,
pseudomembranous colitis, peripheral nerve injury, coma, and
hemorrhage.

To ensure robust analysis, the age of the participants was
broadly classified into three categories: 18—40 years, 41-60
years, and >61 years. The patients’ sex was categorized into
male and female. Since the databases lacked documentative indi-
cators for the patient’s financial status, the ability to pay was
used as a proxy and was categorized as insured and uninsured
payer status (self-paid). Similarly, admission source and status
were used as a proxy for disease severity and were stratified
based on elective and emergent admissions. For stratification
purposes, the area of residence was categorized as within and
outside the city. Overall comorbidity, complication status, and
rates were also calculated. The primary outcome of the study
was inpatient mortality, defined as the death of the patient
during their hospital length of stay (LOS); death occurring after
the hospital discharge was not captured. The secondary outcome
was complication status (details on complications are mentioned
in the above paragraph).

Statistical analysis

Frequencies and percentages were used for descriptive categorical
variables (such as sex and insurance status), and means with SD
were used for continuous variables (such as length of stay). The
x? test of independence and Fisher’s exact test were applied to
stratify the outcome according to the patients’ and hospital-level
characteristics. A one-way analysis of variance test was applied to
assess the difference in the LOS by CCI. The outcomes assessed
with stratification included complications, in-hospital mortality,
and mean survival (in days). The product limit (Kaplan-Meier)
method was used to estimate the mean survival time of patient-
level independent factors, where LOS was restricted to less than
or equal to 30 days; this was done to avoid skewness in the mean
survival time as 99.65% of patients had an LOS of <30days.
Log-rank test was applied to identify differences in the survival
functions across different CCI categories.

Univariate analysis was conducted using simple logistic regres-
sion to obtain crude odds ratios (ORs) with their corresponding
95% confidence interval (CI) for complications with a screening
p value of <0.25. Variables qualifying the screening p value, then
entered multivaribale analysis using multiple logistic regression
to obtain an adjusted OR with 95% CI. Simple Cox regression
with Weibull distribution (parametric) was used to obtain crude
hazard ratios (HRs) for inpatient mortality. Multiple Cox regres-
sion with Weibull distribution was used to compute adjusted
HRs (AHRs) with 95%CI to identify predictors for mortality
in primary index EGS admission patients. Final multivariable
models were also stratified based on surgical intervention status.
A p value of <0.05 was considered significant (two-tailed). All
statistical analyses were performed using Stata statistical software
(2018, V.15.1 Mac; StataCorp, College Station, Texas, USA).

We also performed competing risk analyses to obtain cumu-
lative incidence of mortality and complications across CCI cate-
gories. For inpatient mortality, complications were treated as a
competing risk, and for complications, inpatient mortality was
treated as a competing risk. Patients who developed complica-
tions and subsequently died were classified under complications
(as that was the first event that happened). Patients with no
events (neither death nor complications) were classified as event
type none. Subdistribution HRs were obtained using the Fine
and Gray method to account for competing risks; cumulative
incidence functions were plotted from those HRs for each CCI
category over 30 days.

RESULTS

A total of 32280 patients with a primary EGS diagnosis at index
admission were analyzed. Our patient cohort had a near-equal
gender distribution with a slight male predominance (53.50%)
and a mean age of 40.06+16.87 years. A striking majority
of the patients paid out of pocket for their hospital expenses
(76.419%). The overall inpatient mortality rate was 2.42%. The
most commonly presenting EGS condition was biliary tract
diseases (31.88%), followed by abdominal hernias (9.95%), skin
and subcutaneous tissue infections (8.73%), appendicitis and
other appendiceal conditions (6.64%), and pancreatic disorders
(4.75%); thereby constituting the five most common EGS condi-
tions in our population.

Table 1 describes the demographic case mix of the study cohort,
stratified according to outcomes. Increasing age, male gender,
residing at a distance from a tertiary healthcare facility, emergent
admissions, increasing comorbid severity, and uninsured status
were significantly associated with increased complications and
deaths from EGS, resulting in overall worse outcomes (p value
<0.001). While men were more likely to develop complica-
tions, our results showed a lower mean survival time in women
(23.21 days) than men (24.86 days).

The overall rate of having a comorbid condition was 44.6%.
Of all the components assessed in the CCI, the highest burden
of comorbidity in our population was from diabetes mellitus
without chronic complication (21.50%), followed by malig-
nancy (8.45%) and mild liver disease (6.56%). In EGS patients
with comorbid conditions, 30.61% had a mild CCI index.
Table 2 describes patient-related factors and outcomes associated
with high comorbid severity. In our EGS population, patients
who were male (60.81%, p<0.001), of older age (51.30%,
p<0.001), did not have financial coverage (89.37%, p<0.001),
and who presented emergently (66.53%, p<0.001) were more
likely to have a moderate comorbidity index as compared with
their counterparts. The overall rate of developing complications
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Table 1 Demographic case matrix
Variable Total N (%) Presence of complications Deaths Mean survival time (in days)
n (%) P value n (%) P value
Sex
Female 15010 (46.50) 5178 (34.50) <0.001 348 (2.32) 0.270 23.21
Male 17268 (53.50) 6563 (38.01) 433 (2.51) 24.86
Age category
18-40 10989 (35.11) 3837 (34.40) <0.001 161 (1.44) <0.001 24.69
41-60 12147 (38.81) 4186 (33.59) 262 (2.10) 24.75
>61 8161 (26.08) 3718 (42.91) 358 (4.13) 23.33
Residency
Within city 25731 (79.71) 9117 (35.43) <0.001 580 (2.25) <0.001 23.99
Outside city 6549 (20.29) 2624 (40.07) 201 (3.07) 24.73
Insurance status
Insured 7615 (23.59) 2288 (30.05) <0.001 66 (0.87) <0.001 25.54
Self-paid 24665 (76.41) 9.453 (38.33) 715 (2.90) 24.07
Admission source
Elective 17467 (54.11) 3831 (21.93) <0.001 100 (0.57) <0.001 25.48
Emergent 14813 (45.89) 7910 (53.40) 681 (4.60) 23.56
ccl
None 17882 (55.40) 4807 (26.88) <0.001 79 (0.44) <0.001 27.46
Mild (1-2) 9880 (30.61) 4288 (43.40) 254 (2.57) 24.86
Moderate (3—4) 1891 (5.86) 1347 (71.23) 199 (10.52) 20.04
Severe (=5) 2627 (8.14) 1299 (49.45) 249 (9.48) 21.95
Surgical intervention
Operated 23588 (73.07) 7739 (32.81) 0.961 390 (1.65) <0.001 21.22
Non-operated 8.692 (26.93) 4002 (46.04) 391 (4.50) 25.11

The p-values shown here are obtained using chi-square test of independence.
CCl, Charlson Comorbidity Index.

from EGS—regardless of having undergone a procedure—was
36.37%. The three most common complications were sepsis
(n=10388), followed by surgical-site infections (n=3141),
and septic shock (n=2447). Of all the patients who developed
complications, most of them had moderate-to-severe comorbid
index. Patients with higher comorbid severity had a longer mean
length of stay (5.83%5.69) compared with patients with no,
mild, and moderate CCI severity. The highest mortality rate was
observed in those with a moderate comorbidity index (10.529%).

Figure 2 shows Kaplan-Meier survival analysis of EGS index
admissions based on the CCI index. The 30-day survival prob-
ability was lowest among patients with moderate CCI (20.04;
SE 0.64) as compared with the people with no (27.41; SE
0.43), mild (24.86; SE 0.45), and severe (21.95; SE 0.52) CCL
Moderate comorbidity suggests the lowest probability of survival
at the end of 30 days (Log rank %*=409.81; p value<0.001).
Additional analysis showed a considerably higher mortality rate
in the severe CCI group within 7 days of hospital LOS (5.75%).

Unadjusted odds of developing complications from EGS
showed older age (OR=1.43, 95% CI=1.35, 1.51), uninsured
individuals (OR=1.46, 95% CI=1.36, 1.52), emergent admis-
sions (OR=4.07, 95% CI=3.88, 4.28), and those with moderate
comorbid severity (OR=6.73, 95% CI=6.06, 7.47) had higher
odds of developing complications. Male gender (OR=1.16,
95%CI=1.11, 1.21) and living far from a tertiary healthcare
center (OR=1.21, 95% CI=1.15, 1.28) also had similar yet
significant odds of predicting complications. The highest odds
of complications were in patients with known comorbid mild
liver disease (OR=12.14 95% CI=10.70, 13.71) and congestive
heart failure (OR=8.67, 95% CI=6.83, 10.99).

Multiple logistic regression analysis showed that CCI was
significantly associated with complications, with the highest
odds observed in those with moderate comorbidity (AOR=6.61,
95%CI=5.91, 7.37). The model was adjusted for sex, age, resi-
dency, insurance status, and surgical intervention. Those who
underwent an operation have the lowest odds of developing
complications from EGS (table 3). After stratification on surgical
intervention, the model showed that patients with moderate
comorbid severity who did not undergo surgery had higher odds
of developing complications than operated patients (AOR=7.36 vs
6.36, respectively). Increasing age significantly increases the odds
of complications in the non-operated group compared with the
operated group, in which increasing age leads to decreased odds of
complications. No healthcare coverage significantly increased the
odds of complications in both non-operated and operated groups.

Unadjusted HRs of patient characteristics associated with inpa-
tient mortality from EGS showed that severe comorbidity index
was independently associated with the highest mortality risk
from EGS (HR=7.42, 95%CI=5.72, 9.63). Male (HR=0.85,
95% CI=0.73, 0.98), older age (HR=2.05, 95%CI=1.70,
2.49), lack of financial insurance (HR=1.82, 95% CI=1.41,
2.35), and emergent admission (HR=3.29, 95% CI=2.65, 4.09)
were all associated with inpatient mortality. Similarly, patients
with comorbid conditions of moderate-to-severe liver disease
(HR=5.26, 95%CI=4.11, 6.73), congestive heart failure
(HR=3.51, 95% CI1=2.89, 4.27), those who developed compli-
cations of cardiac arrest (HR=24.76, 95% CI=21.03, 19.14),
and septic shock (HR 8.23, 95% CI 6.95, 9.74) were also found
to be independently associated with the highest risk of mortality
from EGS.
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Table 2  Patient-related factors and outcomes associated with high comorbid severity in EGS

None CCI Mild CCl Moderate CCI Severe CCl

Variable n (%) n (%) n (%) n (%) P value

Sex
Female 8676 (48.52) 4403 (44.57) 741 (39.19) 1190 (45.30) <0.001
Male 9205 (51.48) 5476 (55.43) 1150 (60.81) 1437 (54.70)

Age, in years
18-40 8905 (49.80) 1649 (16.69) 185 (9.78) 416 (15.84) <0.001
41-60 6280 (35.12) 4325 (43.78) 736 (38.92) 1120 (42.63)
>61 2697 (15.08) 3906 (39.53) 970 (51.30) 1091 (41.53)

Residency
Within city 14586 (81.57) 7709 (78.03) 1417 (74.93) 2019 (76.86) <0.001
Outside city 3296 (18.43) 2171 (21.97)

Payer status
Insured 5507 (30.80) 1622 (16.42) 201 (10.63) 285 (10.85) <0.001
Self-paid 12375 (69.20) 8258 (83.58) 1690 (89.37) 2342 (89.15)

Admission status
Elective 10939 (61.17) 4784 (48.72) 633 (33.47) 1111 (42.49) <0.001
Emergent 6943 (38.83) 5096 (51.58) 1258 (66.53) 1516 (57.71)

Complications
Cardiac arrest 84 (0.47) 242 (2.45) 167 (8.83) 176 (6.70) <0.001
Myocardial Infarction* 0 161 (1.63) 159 (8.41) 126 (4.80) <0.001
DVT/PE 49 (0.27) 56 (0.57) 20 (1.06) 55 (2.09) <0.001
CVA/stroke* 0 19 (0.19) 18 (0.95) 17 (0.65) <0.001
Coma 11 (0.06) 7(0.17) 9(0.48) 8(0.30) <0.001
Acute renal failure 297 (1.66) 773 (7.82) 593 (31.36) 504 (19.19) <0.001
UTl/cystitis 169 (0.95) 340 (3.44) 130 (6.87) 171 (6.51) <0.001
Pneumonia 133 (0.74) 243 (2.46) 120 (6.35) 141 (5.37) <0.001
Pulmonary failure/ARDS 203 (1.14) 320 (3.24) 205 (10.84) 186 (7.08) <0.001
Sepsis 4524 (25.30) 3657 (37.01) 1127 (59.60) 1080 (41.11) <0.001
Septic shock 354 (1.98) 886 (8.97) 642 (33.95) 565 (21.51) <0.001
SSl 1169 (6.54) 1312 (13.28) 350 (18.51) 310 (11.80) <0.001
Pseudomembranous colitis* 6 (0.03) 17(0.17) 0 3(0.11) 0.001
Hemorrhage 81 (0.45) 349 (3.53) 118 (6.24) 102 (3.88) <0.001
Gastrointestinal bleeding 41 (0.23) 324 (3.28) 111 (5.87) 93 (3.54) <0.001

Length of stay (mean+SD)t 2.62+3.45 3.93+4.80 5.72+7.37 5.83+5.69 <0.001

The 2 test for independence is applied.
*Fisher's exact test applied.
tOne-way ANOVA test applied.

ANOVA, analysis of variance; ARDS, adult respiratory distress syndrome; CCl, Charlson Comorbidity Index; DVT, deep vein thrombosis; EGS, Emergency General Surgery; PE,

pulmonary embolism; UTI, urinary tract infection.

On adjusting for covariates (table 4), patients with severe
comorbidity had the highest hazards (AHR=3.79, 95% CI=2.89,
4.98), and operated patients (AHR=0.42, 95% CI=0.36, 0.49)
had the lowest hazards of dying compared with their coun-
terparts. The stratification on operative status showed older
patients who were operated on had a significantly higher risk
of mortality compared with non-operated patients (HR=2.05
vs 0.60). Septic shock and sepsis were both independently asso-
ciated with inpatient mortality in non-operated and operated
groups.

Figure 3 shows the graphical representation of competing
risks for mortality and complication by day 30. Patients with
severe CCI showed the highest cumulative mortality rate,
approximately reaching 15%, followed by moderate CCI (10%),
mild CCI (5%), and no comorbidities (2%). The cumulative inci-
dence of complications was highest in patients with moderate
CCI, reaching approximately 8%, followed by severe CCI (6%),
mild CCI (3%), and no comorbidity (1%).

DISCUSSION

This retrospective analysis of 32280 patients with a primary
EGS diagnosis at admission revealed: (1) biliary tract diseases,
abdominal hernias, and skin and subcutaneous tissue infections
as the most common causes of emergency surgery. (2) Patients
with moderate-to-severe comorbidities index have poor post-
operative outcomes and reduced survival. (3) Gender was also
an important factor, which showed males having higher odds
of developing complications but lower hazards of inpatient
mortality. (4) Living outside the city and lack of health insurance
were further associated with an increased risk of EGS-related
complications.

The five most common EGS conditions highlighted in our
population were biliary tract diseases, abdominal hernias, skin
and subcutaneous tissue infections, appendicitis and other
appendiceal conditions, and pancreatic disorders. This finding
is consistent with the literature; however, the rankings of these
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Figure 2 Kaplan-Meier 30-day survival plot for comorbid severity. Note: censored patients were those who remained alive at the time of discharge.
Time to event was the death of the patient during their hospital length of stay.

conditions vary depending on the study’s population and char-
acteristics. Similar to our results, a 4-year national retrospective
analysis in the USA revealed cholecystectomy, appendectomy, and
laparotomy among the top seven EGS procedures.'® However,
partial colectomy and small bowel resection were the most

Table 3 Adjusted odds with 95% Cl of developing complications
using multiple logistic regression

Adjusted odds ratio (95% Cl)

Variables Overall Non-operated Operated

CCl (Ref: none)

Mild 2.13(2.01, 2.25) 243(2.19,2.70)  2.07 (1.94, 2.22)
Moderate 6.61(5.91,7.37) 7.36 (6.11, 8.88) 6.36 (5.55, 7.30)
Severe 2.60 (2.38, 2.84) 2.83(2.45,3.28) 2.48(2.21,2.77)
Sex (Ref: female)

Males 1.09 (1.04, 1.15) 1.15(1.05, 1.27) 1.08 (1.02, 1.15)
Age (Ref: 18-40

years)

41-60 0.70 (0.66, 0.74) 1.37(1.21,1.54) 0.56 (0.52, 0.60)
>61 0.81(0.76, 0.87) 1.79 (1.58, 2.02) 0.58 (0.52, 0.63)
Residency (Ref:

within city)

Outside city 1.11 (1.05, 1.18) 1.10(0.98, 1.23) 1.15(1.07, 1.23)

Insurance status
(Ref: insured)

Self-paid 1.14(1.07,1.21) 1.21(1.07,1.37)  1.14(1.06, 1.22)

Surgical - -
intervention (Ref:
non-operated)

Operated 0.68 (0.65, 0.72)
CCl, Charlson Comorbidity Index.

common emergency procedures.'® Furthermore, a national data-
base from England also indicated acute appendicitis, gallstone
disease, diverticular disease, abdominal wall hernia, or intes-
tinal obstruction to be the most common conditions requiring
emergency surgery.'” Limited literature from Pakistan addition-
ally supports alimentary tract conditions as the top emergent
condition.'®

Table 4 Adjusted HRs with 95% Cl for EGS associated in-hospital
mortality

Variables Adjusted HR (95% ClI)

Overall Non-operated Operated
CCI (Ref: none)
Mild 2.09(1.60,2.73)  3.68(2.32,5.86) 1.36 (0.97,1.91)
Moderate 3.20 (2.41,4.23)  5.26 (3.29, 8.74) 2.27 (1.60, 3.21)
Severe 3.79(2.89,4.98) 6.14(3.84,9.83)  2.78(1.97,3.92)
Sex (Ref: female)
Males 0.84(0.73,0.98)  0.97(0.78,1.19)  0.72 (0.60, 0.90)
Age (Ref: 18-40 years)
41-60 0.90 (0.73,1.11)  0.67 (0.51, 0.90) 1.23(0.91, 1.65)
>61 1.07 (0.88,1.31)  0.60 (0.46, 0.79) 2.05(1.52, 2.78)
Insurance status (Ref:
insured)
Self-paid 1.39(1.07,1.79)  1.60(1.07,2.39) 1.32(0.94, 1.84)

Surgical intervention - -
(Ref: non-operated)

Operated 0.42 (0.36, 0.49)
Septic shock (Ref: 4.02 (3.36,4.82)  3.59(2.81,4.58) 4.38 (3.37,5.69)
without)

Sepsis (Ref: without) ~ 2.36 (1.90,2.92)  1.83(1.39, 2.41) 3.38(2.37,4.82)

EGS, Emergency General Surgery.
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Figure 3  Competing risk analysis for cumulative incidence. CCI, Charlson Comorbidity Index

The risk of adverse outcomes after EGS is amplified in the
presence of comorbidities.!” 2° These include an increased risk
of postoperative complications, which ultimately prolong the
length of stay and increase 30-day mortality.*! 2 The results
from the 2016-2018 Nationwide Readmissions Database
(NRD) concluded that the increasing severity of chronic kidney
disease is associated with an increased risk of adverse events
postoperatively.? Patients with end-stage renal disease under-
going appendectomy also have 1.5 times greater chances of
developing mechanical wound complications as compared with
other patients.?* Comorbidities such as diabetes mellitus and
HIV/AIDS have also been reported to increase postoperative
complication risks,>?” indicating the diverse impact of various
comorbidities on EGS outcomes. Our results highlighted that
patients with moderate CCI had higher odds of complications
than patients with severe CCIL. The possible explanation for this
could be that patients with severe comorbidities may experience
higher mortality (as seen from higher hazards of mortality in
severe CCI in our study and early mortality in the Kaplan-Meier
plot), which may skew the complication rates downwards—the
‘survivor bias.” The hypothesis was further investigated in our
study through competing risk analysis; patients with severe
CCI experience higher early mortality and a higher cumulative
mortality incidence by day 30, which reduces their likelihood of
surviving long enough to develop complications, leading to an
apparent ambiguity of lower complication likelihood compared
with patients with moderate CCI.

Our results concluded that patients aged greater than 60
years of age, male gender, undergoing emergency admission,
residing outside the city, and being uninsured have moderate-
to-severe comorbidities, adversely affecting their EGS outcomes.
A previous study using the Charlson Age-Comorbidity Index
(CACI) to predict 30-day mortality after EGS reported similar
findings where patients aged greater than 65 years had higher
mortality.! These findings are consistent with a narrative review
identifying increased post-EGS mortality in the geriatric popu-
lation.?® Another study has indicated that the presence of liver
disease adds to the mortality burden in the geriatric population
undergoing EGS.? Furthermore, our study indicated higher
hazards of mortality in older patients undergoing surgical inter-
vention. A possible reason for this is the increased complexity of
the disease at presentation in the older population due to severe
comorbidity status,*® accentuating proper control of comorbid-
ities at presentation and requiring surgical management. Addi-
tionally, patients with cirrhosis have more than twice the risk
of 90-day mortality, indicating a long-term influence of liver
diseases postcolectomy.’! Cauley et al showed a greater rate of

30-day mortality and complications after emergency abdominal
surgery in patients with metastatic cancer.’> Moreover, such
patients presenting with obstructive symptoms have a median
survival of only 3 months, regardless of operative or non-
operative treatment.*® Early palliative care in such patients has
been shown to extend survival.** Therefore, thorough documen-
tation and assessment of patients presenting with EGS condi-
tions should be done to implement patient-specific strategies
to ascertain improved outcomes. Even though previous studies
highlight males to have increased mortality post-EGS, the impact
of patient gender on postoperative complications and mortality
becomes insignificant when adjusted for comorbidities,*=7
which is not consistent with our study; males had lower hazards
of inpatient mortality, but higher odds of complications.

Congruent to our findings, a population-based cohort study in
Scotland concluded similar results, where approximately 56% of
its EGS admissions with moderate-to-severe CCI scores lived at
a distance of >15km from their admitting hospital.*® Increased
distance from the hospital is associated with higher postoperative
complications in patients undergoing EGS.*” Similarly, patients
residing in rural Australia are reported to have multiple uniden-
tified comorbidities, which ultimately leads to an increased rate
of preventable mortality after surgery.** Furthermore, since rural
residents have a higher likelihood of being uninsured, they are
prone to a higher rate of postoperative adverse consequences
owing to their pre-existing comorbidities.*! Hence, financial
disparities of the patient also play a vital role in predicting their
health-related outcomes. Economically deprived patients are
more likely to have a higher CCI score, often with an array of
unidentified comorbid conditions.*' Consequently, these patients
have an increased risk of death, as shown by a national observa-
tional study from England that highlighted higher risk-adjusted
30-day mortality in such patients after undergoing emergency
laparotomy.** Uninsured patients have a higher rate of post-
operative complications than insured patients.* Additionally,
another study concluded uninsured patients have a higher rate
of in-hospital mortality after undergoing major surgical proce-
dures as compared with their counterparts after adjusting for
comorbidities.**

Comparing our findings with the EGS patients in high-resource
settings, it is interesting to note that while our mortality rate is
2.42%, Mark et al’s study with 19956 EGS patients from 10 hospi-
tals in the USA reported an aggregate mortality of 3.5%.% However,
the proportion of patients undergoing surgical intervention in our
study (73.07%) was similar to Mark et al (77.08%). Another striking
difference between these two studies is the difference in payer status,
where our study had 76.41% self-payors, compared with only 1.9%
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in the USA. This difference could be due to the missing data (15.3%
for payment status) in Mark et al’s study and the easy access and
availability of insurance through Medicaid/Medicare programs in the
USA.* Another study across three high-income countries (Australia,
England, and the USA) showed that only 27% of 69490 patients
underwent emergency abdominal surgery,* owing to the inclusion of
only high-risk patients. While our study showed an increasing mean
LOS for EGS patients, with 2.62 days for those without any comor-
bidity, the literature for high-resource settings showed a lower LOS
for most patients.”” * Since patients are often discharged to reha-
bilitation or skilled care facilities for further management in high-
resource settings,” this reduces their LOS at the hospital, while it
stays increased for low-income countries owing to the lack of such
resources. Understanding these differences in both the demographics
and hospitalization variables of EGS patients between low-income
and high-income countries is critical for contextually relevant actions
that could result in optimal outcomes.

Since the use of primary care has shown reduced postoperative
mortality for EGS patients through timely diagnosis and manage-
ment of comorbidities,* healthcare leaders and policymakers should
advocate for advancing primary care in low-resource settings. This
would reduce postoperative complications and reduce LOS for EGS
patients, ultimately lowering hospital costs specifically for those
paying out-of-pocket. Increasing resources for primary care expan-
sion by allocating greater government spending and encouraging
community involvement could increase access for the public in low-
income countries.*® Similar to our results, it has been noted that the
presence of any comorbidity significantly increases the chances of
sepsis for general surgery patients.’! For patients at increased risk
of post-EGS complications such as sepsis, the use of a screening
tool like quick Sepsis-related Organ Failure Assessment (QSOFA) is
recommended for timely diagnosis and appropriate management
to prevent poor outcomes.’! Use of multidisciplinary teams during
both the preoperative and postoperative periods can further ensure
specialized screening and treatment for patients with multiple
comorbidities. This can be accomplished through interdisciplinary
team meetings with discussions about high-complexity patients and
their comorbidity/frailty index, which can allow input from multiple
providers for positive outcomes for patients.’> While allocating funds
and resources and developing multidisciplinary teams should be
prioritized in low-resource settings, these facilities are generally avail-
able in high-income countries, where optimal use of such resources
and encouraging screening tools to reduce preventable postoperative
complications should be emphasized.

This study has several strengths. The relatively large sample size is
the greatest strength of our study since it allowed drawing conclusions
that can be generalizable to the country’s population. Even though
this sample has been taken from a single academic medical center, the
provision of its diverse services to patients from various backgrounds
further permits extrapolating the findings to the general population.
Limited studies have been published within the South Asian region
related to this topic, thereby making the results of our study a valid
addition to the literature. Additionally, the findings highlighted in
our study pave the way for healthcare leaders to develop context-
specific prognostic tools for EGS conditions and validate them in
critical and non-critical settings,”® which can standardize their adap-
tation in low-resource settings and improve outcomes. However, this
study is not without its limitations. Since this is a retrospective study,
several variables are not accounted for within the analysis, which
would have provided further insight regarding the research ques-
tion, such as prior operations, medications, and so on. However, a
multilevel analysis was performed with the available demographic
information to conclude their effect on health-related outcomes.
Furthermore, only short-term outcomes were considered since the

database did not collect the incidence of complications or mortality
after patients were discharged. While there is also a possibility of
miscoded diagnoses or procedures with such extensive data,** the
database used in our study to extract variables is generally reliable
and of sufficient quality.

The findings of our study provide an overview of the adverse
impact caused by the excessive burden of comorbidities within our
patients and identify patient-level factors predicting higher CCI and
worse outcomes in EGS. This encourages the use and integration
of CCI in assessing patients presenting with EGS conditions to help
determine population subsets at risk of worse outcomes. This can
help provide valuable insight on disease progression and aid decision-
making in EGS patients in countries where data on comorbid
conditions is not well documented. In a clinical context, CCI and
patient-level factors identified in this study can be incorporated into
the prognostic models that guide clinical prioritization, resource
allocation, and individualized care strategies in EGS patients—this
will help stratify the patients with their risk of complications and
mortality. Alongside the prognostic model, a scoring system can be
developed that assists clinicians in assessing the risks efficiently, espe-
cially in low-income and middle-income countries where there is a
lack of extensive diagnostic capabilities. Moreover, it showcases a
dire need for awareness among the population regarding the effect
of comorbidities, as early recognition and control can help improve
survival and prevent complications. Thus, relevant agencies must act
by disseminating preventative and maintenance efforts for common
comorbidities, ultimately decreasing the overall morbidity and
mortality rate secondary to non-communicable diseases.
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