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Abstract

Background: Colorectal surgery poses significant risks, especially
in individuals who smoke or have pre-existing conditions such as
heart disease, diabetes, or obesity. However, there is a notable gap in
understanding the inpatient outcomes for individuals with comorbid
connective tissue disease (CTD) undergoing colorectal surgery. This
study aimed to address this knowledge gap by analyzing data from the
National Inpatient Sample (NIS) to evaluate these outcomes.

Methods: Utilizing the extensive NIS database covering 2016 to
2020, we conducted a retrospective analysis of colorectal surgery pa-
tients with CTD, identified through the International Classification
of Diseases, 10th Revision. Primary outcomes included in-hospital
mortality, while secondary outcomes encompassed postoperative ab-
dominal complications, acute kidney injury (AKI), acute respiratory
failure (ARF), sepsis, pneumonia, blood transfusion, mechanical ven-
tilator use, and healthcare utilization. Employing STATA software,
we utilized multivariate logistic and linear regression analyses to ad-
just for confounders.

Results: Among 19,274 colorectal surgery patients with CTD, the
average age was 67.1 years, with a higher proportion of females. Pa-
tients with CTD exhibited a higher in-hospital mortality rate (6.31%
vs. 4.14%) with an adjusted odds ratio of 1.55 (P < 0.001). Patients
with CTD had a higher likelihood of developing complications such
as postoperative abdominal complications, ARF, AKI, sepsis, me-
chanical ventilator use, and blood transfusions.
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Conclusion: Patients with CTD undergoing colorectal surgery face
an elevated risk of in-hospital mortality and postoperative complica-
tions compared to those without CTD. This underscores the critical
importance of integrating CTD into preoperative risk assessment and
care planning for individuals undergoing colorectal surgery.
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Introduction

Connective tissue diseases (CTDs) represent a diverse group of
autoimmune conditions with systemic manifestations, includ-
ing gastrointestinal (GI) involvement. The severity of GI symp-
toms can range from mild to life-threatening in CTD patients
[1]. CTDs can cause GI bleeding from various causes, such as
vasculitis-induced mucosal injury, medication-related effects, or
autoimmune-induced coagulopathy [2, 3]. Mesenteric vasculi-
tis, though relatively uncommon, presents as a severe complica-
tion of CTDs, predisposing patients to bowel ischemia, infarc-
tion, and perforation [4]. Additionally, CTD patients are more
prone to diverticular diseases [5], which may require surgical
intervention. Colorectal surgery is pivotal in managing GI com-
plications that are unresponsive to medical therapy or pose im-
minent threats to patient well-being. However, these surgeries
come with their risks despite being a definitive treatment for
conditions such as bowel perforation and refractory bleeding.

A retrospective analysis of single-hospital data spanning 7
years (2000 - 2006) revealed a 30-day mortality rate of 4.3%
among patients undergoing colorectal resection [6], underscor-
ing the gravity of surgical interventions in this context. How-
ever, the risks and outcomes associated with colorectal surgery
in CTD patients still need to be better understood.

Our study aimed to bridge this gap by comprehensively
elucidating the patient characteristics and outcomes associ-
ated with colorectal surgery in patients with CTDs compared
to those without CTDs. By systematically analyzing a range of
parameters, including mortality rates, postoperative complica-
tions, and healthcare utilization metrics, we sought to provide
a nuanced understanding of the impact of CTDs on colorectal
surgery outcomes.
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Materials and Methods

This analysis was based on the National Inpatient Sample
(NIS) database, part of the Agency for Healthcare Research
and Quality, Healthcare Cost and Utilization Project (HCUP).
The NIS database is the largest inpatient care database in the
USA. It consists of billing information hospitals send to state-
wide data organizations in the USA. The NIS encompasses
patients with various types of insurance, including Medicare,
Medicaid, private insurance, or those without insurance. For
Medicare, the NIS database has information on Medicare Ad-
vantage patients, who are often left out of Medicare claims
data but make up 30% of Medicare benefit recipients. The NIS
database has more than 100 clinical data elements from about
7 million unweighted hospitalizations annually, which is about
20% of all hospital admissions in the United States [7]. There-
fore, it is crucial to follow proper methodological standards
when forming subgroups and conducting analyses. For this
study, we used data from 2016 to 2020, the most recent data
available. This dataset is weighted to obtain national estimates.

The databases are coded using the International Classifi-
cation of Diseases, 10th Revision, and Clinical Modification/
Procedure Coding System (ICD-10-CM/PCS). The NIS di-
vides diagnoses into one principal and one secondary diag-
nosis. A principal diagnosis is the main ICD-10 code (DX1)
for the hospitalization. Secondary diagnoses are any ICD-10
code (DX2 to DX40) other than the principal diagnosis. This
study was exempt from requiring Institutional Review Board
approval, as it contains de-identified, publicly available data.
The study was conducted in compliance with the ethical stand-
ards of the responsible institution on human subjects as well as
with the Helsinki Declaration.

Utilizing the comprehensive NIS 2016 - 2020 datasets, we
gathered demographic data and clinical outcomes for all adult
colorectal surgery patients. The sample size for this study was
determined based on the number of patients who underwent
colorectal surgery and the number of patients with CTDs.

We conducted a retrospective analysis, identifying indi-
viduals aged 18 and older with a principal diagnosis of un-
dergoing colorectal surgery and a secondary diagnosis of
comorbid CTDs, encompassing conditions such as systemic
lupus erythematosus (SLE), rheumatoid arthritis, scleroderma,
Sjogren syndrome, inflammatory myositis, mixed CTD, gi-
ant cell arteritis, polymyalgia rheumatica, and psoriasis. This
amalgamation of CTDs was systematically defined using the
ICD-10-CM/PCS coding system (Supplementary Material 1,
WWW.currentsurgery.org).

To ensure a thorough comparative analysis, we divided the
cohort into two groups: one comprising individuals with CTDs
who underwent colorectal surgery (colectomy, anastomosis, or
colostomy), and the other composed of patients who under-
went colorectal surgery without CTDs. Notably, individuals
below age 18 and those with documented COVID-19 infection
were excluded from both groups. This strategic exclusion was
implemented to mitigate potential confounding factors related
to age and the impact of COVID-19, ensuring a more focused
investigation into the association between colorectal surgery
and CTD.
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Baseline characteristics considered encompassed patient
sociodemographic and hospital characteristics, including
age, race, gender, and medical conditions during admissions,
including diabetes mellitus (DM), cigarette smoking, hyper-
tension (HTN), chronic kidney disease (CKD), chronic ob-
structive pulmonary disease (COPD), congestive heart failure
(CHF), myocardial infarction, liver cirrhosis, dementia, and
malignancy. Patients were also characterized based on sociode-
mographics such as primary payer, mean household income by
quartile, disposition, hospital bed size, hospital location, and
hospital teaching status, which were included in the database.

Outcome measures

The primary outcome was analyzing in-hospital mortality in
patients with CTD. Secondary outcomes included the rate of
post-abdominal surgery complications, acute kidney injury
(AKI), acute respiratory failure (ARF), pulmonary embolism,
sepsis, pneumonia, mechanical ventilator use, and blood trans-
fusion. We also compared mean length of stay (LOS), mean
total hospital charges (THC), and transfer to another acute care
hospital.

Statistical analysis

Considering the complex survey design and clustering, we
conducted our analyses using Stata/MP 17.0 (Stata Corp.,
College Station, TX). Because NIS represents a 20% strati-
fied random sample of US hospitals, analyses were performed
using hospital-level discharge weights provided by the NIS to
obtain national estimates of total inpatient hospitalizations.
Univariate logistic regression analysis was used to calculate
unadjusted odds ratios (ORs) for the primary and secondary
outcomes. Multivariate logistic regression analysis was used
to adjust for potential confounders, which were hospital-level
confounders. A second logistic regression model was built
using only variables associated with the outcome of interest
on univariate regression analysis at P < 0.2. Proportions were
compared using the Fisher’s exact test, and continuous vari-
ables were compared using the Student’s ¢-test. All P values
were two-sided, with 0.05 as the threshold for statistical sig-
nificance. Logistic regression models were generated to iden-
tify the independent multivariate predictors and are reported
as adjusted odds ratio (aOR) with 95% confidence intervals
(CIs). Patients with missing information for any variables in
the regression analyses were excluded.

Results

Patient and hospital characteristics

Out of the 678,778 patients who underwent colorectal surgery,
19,274 were diagnosed with CTDs. The patients who had both
colorectal surgery and CTD were typically older, with a mean
age of 67.1 years compared to 63.3 years in those without CTD.
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Furthermore, a significantly higher percentage of females
was observed in the CTD group (71.91%) compared to males
(52.74%), while males constituted the majority (47.26%) in
the non-CTD group. Among CTD patients who experienced
GI bleeding, most were of White ethnicity (81.1%).

The distribution of comorbidities differed between the two
cohorts. Patients with CTD and GI bleeding exhibited a high-
er prevalence of comorbidities such as HTN, CKD, COPD,
smoking history, CHF, and myocardial infarction. Additional-
ly, most of these patients were covered by Medicare insurance
and were more likely to seek care at urban teaching hospitals
(Table 1).

Outcomes

Primary outcome: in-hospital mortality

Patients who underwent colorectal surgery and had comorbid
CTD exhibited a higher in-hospital mortality rate of 6.31%,
in contrast to the 4.14% mortality rate observed in non-CTD
patients (Table 2). This difference in mortality rate was sta-
tistically significant, and results persisted after adjusting for
critical factors such as demographics, hospital characteristics,
and comorbidities. The aOR was 1.46 (95% CI: 1.27 - 1.69, P
<0.001).

Secondary outcomes

Patients with CTD who underwent colorectal surgery had a
higher rate of post-abdominal complications (25.45 vs. 22.51,
OR: 1.18, 95% CI: 1.09 - 1.27). The rate of AKI and ARF was
higher in patients with underlying CTD (OR: 1.17, 95% CI:
1.07 - 1.29 and OR 1.24, 95% CI: 1.09 - 1.40, respectively).
Within the complications observed, sepsis presented predomi-
nantly in patients with CTD with an aOR of 1.32 (95% CI:
1.19 - 1.46), as well as the need for ventilator use (OR: 1.2,
95% CI: 1.09 - 1.39) (Table 2). There were significant differ-
ences in LOS (OR: 0.576, 95% CI: 0.2358 - 0.9189), and trans-
fer to other facilities (OR: 1.26, 95% CI: 1.16 - 1.37) compared
to patients without CTDs (Table 2).

Discussion

Our analysis revealed that patients with CTDs who underwent
colorectal surgery exhibited a significantly elevated rate of
in-hospital mortality compared to their counterparts without
CTDs (6.31% vs. 4.14%, P < 0.001). This finding resonates
with findings from a 2019 retrospective study, which aimed to
identify prognostic factors associated with mortality following
surgery for colorectal perforation [8]. The study demonstrated
that cumulative survival rates in CTD patients were notably
worse than those in non-CTD patients post-surgery for colo-
rectal perforation [8]. The heightened mortality risk in CTD
patients was attributed to fecal peritonitis precipitating sepsis,
particularly significant given the generally immunosuppressed
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backgrounds of CTD patients. Our analysis also identified a
higher incidence of sepsis among CTD patients during hospi-
talization (14.29 vs. 11.14, P<0.001), further underscoring the
vulnerability of this patient population to postoperative com-
plications and increased mortality.

Our analysis revealed that patients with CTDs undergo-
ing colorectal surgery exhibited higher Charlson Comorbid-
ity scores, indicating a more significant burden of concurrent
conditions such as HTN, CKD, COPD, and CHF. These co-
morbidities are known to influence surgical outcomes and may
contribute to the increased mortality observed among patients
with CTD. Consistent with previous findings, a prospective
study conducted in 2020 highlighted the impact of comor-
bidities on surgical outcomes, particularly in general surgery,
where conditions such as HTN, DM, and CKD were associated
with an increased risk of postoperative complications [9]. In
our study, patients with CTD demonstrated significantly high-
er rates of postoperative complications (25.45% vs. 22.51%, P
< 0.001), which may be attributed to the higher prevalence of
comorbidities in this patient population.

While our analysis did not specify the type of postopera-
tive complications, it is crucial to recognize anastomotic leak
as a significant concern following colorectal surgery due to
its associated morbidity and mortality [10]. Inadequate surgi-
cal site healing is one of the primary causes of anastomotic
leaks [10]. CTDs are characterized by chronic inflammation
and tissue fibrosis, which can impair wound-healing processes
[11]. Additionally, the use of immunosuppressive medications
further compromises tissue integrity, predisposing individu-
als to an increased risk of anastomotic leak and subsequent
mortality [12]. Furthermore, our analysis identified a higher
incidence of AKI, ARF requiring ventilator support, and the
need for blood transfusion among CTD patients undergoing
colorectal surgery. These complications can be attributed to
the complexity of underlying diseases, immunosuppressive
therapy, vascular involvement, and increased bleeding risk as-
sociated with CTDs.

Moreover, our analysis revealed notable demographic and
clinical differences between CTD patients undergoing colorec-
tal surgery and those without CTDs. CTD patients tended to
be older and had a higher proportion of females, aligning with
previous findings indicating a higher prevalence of autoim-
mune diseases among females and an increased risk of autoim-
mune disorders with advancing age.

These findings highlight the importance of careful preop-
erative assessment and optimization in CTD patients undergo-
ing colorectal surgery to minimize the risk of complications
and improve outcomes.

Strength and limitation

The retrospective design of our study allows for the estab-
lishment of associations but cannot imply causality. It is im-
portant to note that while ICD-10-CM codes for colorectal
surgery and CTD have been previously validated and em-
ployed, variations in coding accuracy across different hospi-
tals cannot be ruled out. Moreover, the NIS provides data on
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Table 1. Patient and Hospital Characteristics

e Colorectal surgery in Colorectal surge

Chas patients with CgTI;] (%) without CTD (%A:;y P-value
No. of patients 19,274 659,504
Mean age in years 67.1 63.3 <0.001
Sex

Female 71.91 52.74 <0.001

Male 28.09 47.26
Race

White 81.1 73.55 <0.001

Black 8.62 13.01

Hispanic 6.69 8.2

Asian 1.61 2.32

Native American 0.51 0.49

Others 1.48 2.43
Charlson Comorbidity Index

0 1.01 8.4 <0.001

1 5.73 14.2

2 10.22 17.06

>3 83.04 60.34
Median annual income national quartile for patients zip code

1-49,999 24.17 27.44

50,000 - 64,999 26.34 26.56

65,000 - 85,999 25.95 24.56

86,000 + 23.54 21.44
Insurance

Medicare 67.72 53.65 <0.001

Medicaid 6.31 10.2

Private insurance 24.75 33.47

Others 1.22 2.68 <0.001
Region of hospital

Northeast 18.88 17.64

Midwest 26.02 23.07

South 35.75 40.33

West 19.35 18.96
Relative bed size category of hospital (STRATA)

Small 16.99 17.79 0.1278

Medium 26.62 28.23

Large 53.39 53.98
Location/teaching status

Rural 7.16 7.4 0.8004

Urban non-teaching 18.73 18.9

Urban teaching 74.11 73.7
HTN 46.33 41.3 <0.001
CKD 14.4 11.09 <0.001
COPD 16.25 10.71 <0.001
Smoking 38.88 34.59 <0.001
CHF 12.22 8.57 <0.001
DM 23.45 22.56 0.1989
Liver cirrhosis 1.92 1.6 0.1112
Dementia 2.85 2.93 0.7911
Myocardial infarction 6.15 5.26 0.0169
Malignancy 0.57 0.61 0.7487

CHF: congestive heart failure; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; CTD: connective tissue disease; DM:
diabetes mellitus; HTN: hypertension.
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Table 2. Outcomes of Colorectal Surgery in Patients With Coexisting CTDs

Outcomes Colorectal surgery in Colorectal surgery Adjusted odds Povalue
patients with CTD (%) without CTD (%) ratio (95% CI)

Primary outcome
In-hospital mortality (29,249) 6.31 4.14 1.46 (1.27 - 1.69) <0.001

Secondary outcomes
Post-abdominal surgery complication (156,520) 25.45 22.51 1.18 (1.09 - 1.27) <0.001
AKI (114,300) 19.64 16.56 1.17 (1.07 - 1.29) 0.001
ARF (46,394) 8.56 6.69 1.24 (1.09 - 1.40) 0.001
Sepsis (77,724) 14.29 11.14 1.32 (1.19 - 1.46) <0.001
Pneumonia (36,039) 5.89 5.16 1.10 (0.95 - 1.28) 0.168
Pulmonary embolism 1.19 1.14 1.10 (0.81 - 1.49) 0.523
Ventilator use (59,034) 10.01 8.2 1.2 (1.09 - 1.39) <0.001
Blood transfusion (82,104) 14.81 11.74 1.25(1.13-1.37) <0.001
Mean length of stay (9.7) 9.72 9.36 0.576 (0.2358 - 0.9189)  0.001
Mean total hospital charges 136,473 137,420 4,028 (-2,006 - 10,063)  0.191
Transferred out to a different acute care hospital 1.01 0.9 1.26 (1.16 - 1.37) <0.001

AKI: acute kidney injury; ARF: acute respiratory failure; Cl: confidence interval; CTD: connective tissue disease.

hospitalizations rather than individual patients, which means
that patients hospitalized multiple times cannot be counted re-
peatedly. One notable observation is the overrepresentation of
the white population in our study, which warrants considera-
tion. It is essential to recognize that more severe cases and
higher disease activity associated with CTD are often found
in non-Caucasian populations. Therefore, further research in
this specific population subset may be necessary to validate or
replicate our findings.

Furthermore, the NIS dataset does not contain information
on physical examinations, vital signs, laboratory values, or
medications, preventing an assessment of patients’ CTDs. De-
spite these limitations, our study possesses several strengths. It
is one of the few investigations that have delved into the out-
comes of colorectal surgery in patients with CTDs. Utilizing
the largest inpatient database in the USA enhances the robust-
ness of our study. The study uses the NIS, an extensive, na-
tionally representative database that enhances external valid-
ity. Including a diverse range of patients from different regions
and healthcare settings in the USA increases the likelihood that
the findings can be generalized to the broader population. Our
scientific inquiry and analytical approach contribute valuable
new insights to a relatively underexplored topic.

Conclusion

Our study sheds light on the intricate interplay between CTDs
and colorectal surgery outcomes, revealing higher mortality
rates and postoperative complications in colorectal surgery
patients with CTDs compared to those without. Our findings
underscore the importance of comprehensive risk stratifica-
tion, considering factors such as age, gender, comorbidities,
and disease severity, to tailor management approaches effec-
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tively. Furthermore, awareness of the heightened susceptibility
of CTD patients to complications such as anastomotic leak,
AKI, and sepsis is crucial for optimizing perioperative care
and improving patient outcomes. Further research is needed
to explore specific CTD subtypes and inform evidence-based
guidelines. Our findings underscore the importance of mul-
tidisciplinary collaboration and patient-centered care to opti-
mize outcomes in this complex patient population.
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