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HIGHLIGHTS

e Among a national cohort undergoing elective abdominal operations 3.0 % had substance use disorder.

e Concurrent substance abuse was associated with greater morbidity and resource utilization.

e Novel in-hospital interventions are needed to mitigate increased perioperative risk.

ARTICLE INFO

Keywords:

Substance use disorder
Substance abuse
Surgical outcomes
Colectomy
Gastrectomy
Esophagectomy
Hepatectomy
Pancreatectomy

ABSTRACT

Background: Affecting >20million people in the U.S., including 4 % of all hospitalized patients, substance use
disorder (SUD) represents a growing public health crisis. Evaluating a national cohort, we aimed to characterize
the association of concurrent SUD with perioperative outcomes and resource utilization following elective
abdominal operations.

Methods: All adult hospitalizations entailing elective colectomy, gastrectomy, esophagectomy, hepatectomy, and
pancreatectomy were tabulated from the 2016-2020 National Inpatient Sample. Patients with concurrent sub-
stance use disorder, comprising alcohol, opioid, marijuana, sedative, cocaine, inhalant, hallucinogen, or other
psychoactive/stimulant use, were considered the SUD cohort (others: nSUD). Multivariable regression models
were constructed to evaluate the independent association between SUD and key outcomes.

Results: Of ~1,088,145 patients, 32,865 (3.0 %) comprised the SUD cohort. On average, SUD patients were
younger, more commonly male, of lowest quartile income, and of Black race. SUD patients less frequently un-
derwent colectomy, but more often pancreatectomy, relative to nSUD.

Following risk adjustment and with nSUD as reference, SUD demonstrated similar likelihood of in-hospital
mortality, but remained associated with increased odds of any perioperative complication (Adjusted Odds
Ratio [AOR] 1.17, CI 1.09-1.25). Further, SUD was linked with incremental increases in adjusted length of stay
(B + 0.90 days, CI +0.68-1.12) and costs (f + $3630, CI +2650-4610), as well as greater likelihood of non-home
discharge (AOR 1.54, CI 1.40-1.70).

Conclusions: Concurrent substance use disorder was associated with increased complications, resource utilization,
and non-home discharge following major elective abdominal operations. Novel interventions are warranted to
address increased risk among this vulnerable population and address significant disparities in postoperative
outcomes.
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Introduction

The substance use crisis in the U.S. represents a public health
emergency, with >20 million individuals currently affected and attrib-
utable expenditures exceeding $1.02 trillion, annually [1-3]. Over the
last two decades, the prevalence of substance use disorder (SUD) has
dramatically risen and is now noted in ~4 % of hospitalized patients
[4,5]. Prior work has linked SUD with greater perioperative risk,
including increased vulnerability to infection, refractory pain, longer
duration of hospitalization, and reduced treatment adherence [6-9].
Moreover, chronic SUD contributes to analgesic tolerance and diffuse
hyperalgesia, complicating postoperative management and rehabilita-
tion [10,11].

While the association of SUD with perioperative outcomes of or-
thopedic and cardiovascular procedures is well characterized
[6,8,12,13], few have examined this relationship in elective abdominal
surgery, which may be complex and generally associated with signifi-
cant pain [14-16]. A study by Sahara et al. [14] examining patients
undergoing abdominal operations during 2007-2014 noted increased
complication rates, length of stay, and expenditures in those with SUD.
Yet, this work considered outcomes in the period before the onset of the
contemporary substance use crisis. Further, while a variety of agents are
used by individuals with SUD, most available literature has focused on
opiate dependence and generally noted an increased risk of adverse
outcomes as well as greater costs [15,17,18]. However, the generaliz-
ability of existing work on the association of SUD with outcomes in
surgical patients remains limited by methodologic constraints, including
the use of dated cohorts and omission of several commonly used sub-
stances. Given the increasing prevalence of SUD [19,20] and a growing
volume of intra-abdominal operations in the U.S., a contemporary
analysis is warranted. These findings could ultimately better inform risk
assessment, shared decision making, and targeted quality improvement
efforts.

In the present work, we aimed to characterize the association of SUD
with clinical outcomes and costs following major abdominal operations
using a national dataset. We hypothesized SUD to be independently
linked with greater in-hospital mortality, complications, and resource
utilization across all operative categories.

Methods
Data source and study cohort

All adult (>18 years) hospitalizations entailing elective colectomy,
gastrectomy, esophagectomy, hepatectomy, and pancreatectomy were
identified using the 2016-2020 Nationwide Inpatient Sample (NIS). The
NIS is the largest nationwide all-payer inpatient database that utilizes
validated algorithms to provide accurate estimates for approximately
97 % of all U.S. hospitalizations each year [21].

Variable definitions and study outcomes

Previously-validated International Classification of Diseases, Tenth
Revisions (ICD-10) diagnosis codes were utilized to identify concurrent
substance use disorder, comprising alcohol, opioid, marijuana, sedative,
cocaine, inhalant, hallucinogen, or other psychoactive or stimulant use
[12,22]. Of note, these diagnosis codes conform with definitions set
forth by the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition [23], and have been applied in Healthcare Cost and Utilization
Project (HCUP) Statistical Briefs [24] and numerous prior studies
[12-15,25].

Patients with diagnosis codes representing substance abuse
comprised the SUD cohort (others: nSUD). Records missing data
regarding age, sex, or in-hospital mortality were excluded (<1 %,
Fig. 1).

Patient, hospital and operative characteristics were tabulated in
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accordance with the HCUP Data Dictionary [26]. Patients’ burden of
chronic illness was quantified using the van Walraven modification of
the Elixhauser Comorbidity Index [27]. Specific comorbidities and
perioperative complications were defined according to relevant ICD-10
diagnosis and procedure codes, as described elsewhere [28]. Operative
approach was stratified as open, laparoscopic, or robotic. To calculate
hospitalization costs, center-specific cost-to-charge ratios were applied
to overall charges and then inflation-adjusted using the 2020 Personal
Healthcare Price Index [29].

Our primary outcome of interest was in-hospital mortality. We
secondarily considered perioperative complications and resource utili-
zation, including duration of hospitalization (LOS), expenditures, and
discharge to extended care facilities.

Statistical analysis

Continuous variables are presented as median with interquartile
range, while categorical variables are reported as percentages (%). We
used the Mann-Whitney U and Chi-squared tests to assess the signifi-
cance of inter-cohort differences, as appropriate. The significance of
temporal trends was determined using Cuzick’s nonparametric test for
trend (nptrend) [30].

Multivariable logistic and linear regression models were developed
to ascertain the independent association between SUD and outcomes of
interest. To minimize model bias and collinearity, elastic net regulari-
zation was utilized to select all covariates [31]. Models were subse-
quently evaluated using receiver operating characteristics or the
coefficient of determination. Logistic model outputs are reported as
adjusted odds ratios (AOR) while those for linear models are reported as
B-coefficients (), both with 95 % confidence intervals (CI).

A sensitivity analysis was performed utilizing entropy balancing to
further adjust for inter-cohort differences. This method applies pseudo-
propensity scores to ascertain optimal sample weights for covariate
balance between groups, while retaining the entire study population for
analysis [32]. Notably, this method has been demonstrated to be more
robust than propensity matching [33].

All statistical analyses were conducted using Stata 16.1 (StataCorp
LLC, College Station, TX). Statistical significance was set at a = 0.05.
This study was deemed exempt from full review by the Institutional

1,093,150 hospitalization records entailing elective colectomy,
esophagectomy, gastrectomy, hepatectomy, and pancreatectomy
were tabulated fromthe 2016-2020NIS

Excluded:
Missing key data (<1%)

1,088,145 records included for analysis

Sup
32,865 (3.0%)

nSUD
1,055,280(97.0%)

Fig. 1. Study CONSORT diagram.

Of an estimated 1,093,150 records tabulated from the 2016-2020 National
Inpatient Sample (NIS), 1,088,145 were included for analysis. Of these, 32,865
(3.0%) had concurrent substance abuse, comprising alcohol, opioid, marijuana,
sedative, cocaine, inhalant, hallucinogen, or other psychoactive or stimulant
use, and were considered the SUD cohort.
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Review Board at the University of California, Los Angeles.
Results

Of an estimated 1,088,145 patients hospitalized for elective
abdominal operations, 32,865 (3.0 %) were considered the SUD group.
Of these, 54.1 % were dependent on alcohol, 14.4 % on opioids, 21.7 %
on marijuana, 2.9 % on cocaine, 1.9 % on sedatives, and 4.9 % on other
stimulant or psychoactive substances. SUD patients less often underwent
colectomy (69.7 vs 76.3 %), but more often pancreatectomy (10.8 vs 7.8
%, P < 0.001), compared to nSUD.

A complete characterization of the study sample is detailed in
Table 1. On average, the SUD cohort was younger (58 [50-66] vs 63
[52-72], P < 0.001), more frequently male (68.1 vs 46.2 %, P < 0.001),
and more often treated at hospitals in the West (23.6 vs 18.2 %, P <
0.001, Fig. 2). Relative to nSUD, SUD patients were more commonly of

Table 1

Demographic, clinical, and hospital characteristics.

Reported as proportions unless otherwise noted. Statistical significance was set
at o = 0.05.

*IQR, inter-quartile range.

SUD nSUD P-value
(n= (n=
32,865) 1,055,280)
Age (years [IQR]) 58 [50-66] 63 [52-72] <0.001
Female (%) 31.9 53.8 <0.001
Elixhauser Comorbidity Index (median 4 [3-5] 2 [1-4] <0.001
[IQR])
Operation (%) <0.001
Colectomy 69.7 76.3
Esophagectomy 2.7 1.3
Gastrectomy 9.1 8.4
Hepatectomy 7.8 6.2
Pancreatectomy 10.8 7.8
Operative approach (%) <0.001
Open 62.0 54.6
Laparoscopic 25.5 30.5
Robotic 12.5 15.0
Income percentile (%) <0.001
>75 % 19.8 24.9
51-75 % 25.0 25.9
26-50 % 26.8 25.8
0-25 % 28.3 23.3
Insurance coverage (%) <0.001
Private 36.4 43.0
Medicare 37.0 45.0
Medicaid 20.5 8.1
Other Payer 6.1 4.0
Race/Ethnicity (%) <0.001
White 76.4 76.5
Black 11.7 9.4
Hispanic 7.5 8.1
Asian/Pacific Islander 1.2 2.8
Other 3.1 3.2
Comorbidities (%)
Congestive heart failure 7.0 5.0 <0.001
Cancer 46.3 46.3 0.99
Peripheral vascular disease 4.9 3.6 <0.001
Hypertension 50.9 50.2 0.26
Cardiac arrhythmias 15.6 13.6 <0.001
Chronic pulmonary disease 22.4 14.4 <0.001
Liver disease 16.6 4.8 <0.001
Coagulopathy 6.3 3.2 <0.001
Cerebrovascular disorders 6.2 2.9 <0.001
Hospital region (%) <0.001
Northeast 17.8 19.2
Midwest 23.8 23.9
South 34.8 38.7
West 23.6 18.2
Hospital teaching status (%) 0.38
Non-Metropolitan 78.7 78.0
Metropolitan Non-Teaching 15.5 16.1
Metropolitan Teaching 5.7 5.9
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SUD (%)
. 4.0

21

Fig. 2. Geospatial mapping of the SUD cohort.

The study cohort was further stratified by hospital region and concurrent
substance abuse. Of all patients presenting for elective abdominal operations,
the proportion considered SUD ranged from 2.1 % (Arkansas, Oklahoma,
Louisiana, Texas) to 4.0 % (Alaska, California, Hawaii, Oregon,
and Washington).

lowest quartile income (28.3 vs 23.3 %, P < 0.001), of Black race (11.7
vs 9.4 %, P < 0.001), and insured by Medicaid (20.5 vs 8.1 %, P <
0.001). These patients had a higher Elixhauser comorbidity index (4
[3-5] vs 2 [1-4], P < 0.001) and more often presented with chronic
pulmonary disease (22.4 vs 14.4 %, P < 0.001), liver disease (16.6 vs
4.8 %, P < 0.001), and cardiac arrhythmias (15.6 vs 13.6 %, P < 0.001).

On bivariate comparison, the SUD cohort more frequently experi-
enced in-hospital mortality (1.5 vs 0.9 %, P < 0.001) and any periop-
erative complication (25.1 vs 15.2 %, P < 0.001), relative to nSUD.
Indeed, SUD patients faced higher incidence of gastrointestinal (5.7 vs
3.3 %, P < 0.001), infectious (7.4 vs 3.7 %, P < 0.001), and respiratory
complications (7.7 vs 3.5 %, P < 0.001). Such patients also more
commonly required discharge to extended care facilities (10.5 vs 7.0 %,
P < 0.001, Table 2).

Following risk adjustment and with nSUD as reference, SUD
demonstrated similar likelihood of in-hospital mortality, but remained
associated with greater odds of any perioperative complication (AOR
1.17, CI 1.09-1.25, Fig. 3). Specifically, SUD was linked with increased
likelihood of gastrointestinal complications (AOR 1.17 CI 1.09-1.25),
infection (AOR 1.34, CI 1.20-1.50), respiratory sequelae (AOR 1.54, CI
1.38-1.72), thromboembolism (AOR 2.05, CI 1.45-2.90), and need for
blood transfusion (AOR 1.18, CI 1.06-1.30). Further, SUD demonstrated
greater adjusted LOS (B + 0.90 days, CI +0.68-1.12) and costs (f +
$3630, CI +2650-4610). This remained true after stratification by
operation, such that SUD consistently faced greater risk-adjusted rates of
any perioperative complication (Fig. 4) and increased hospitalization
expenditures (Fig. 5). Notably, SUD patients also experienced increased
odds of non-home discharge (AOR 1.54, CI 1.40-1.70), as well as a
three-fold increase in likelihood of discharge against medical advice
(AOR 3.49, CI 2.36-5.17).

A sensitivity analysis utilizing entropy balancing demonstrated
similar findings as our main analysis, such that the SUD cohort remained
associated with increased odds of gastrointestinal (AOR 1.23, CI
1.09-1.39), infectious (AOR 1.38, CI 1.24-1.53), respiratory (AOR 1.51,
CI 1.35-1.69), and thromboembolic (AOR 1.62, CI 1.25-2.10) compli-
cations. Compared to nSUD, SUD was also linked with increased LOS (f
+ 0.85 days, CI +0.59-1.10), expenditures (p + $3562, CI
+2491-4634), and likelihood of non-home discharge (AOR 1.23, CI
1.12-1.34).
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Table 2
Unadjusted and adjusted outcomes.
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Outcomes reported as proportions or as Adjusted Odds Ratio (AOR) with 95 % confidence intervals (95 % CI). Reference: nSUD.

*IQR, interquartile range; USD, United States dollar.

Unadjusted Adjusted
SUD nSUD P SUD 95 % CI P
Clinical outcomes
In-hospital mortality 1.5 0.9 <0.001 0.94 0.74-1.21 0.64
Any complication 25.1 15.2 <0.001 1.17 1.09-1.25 <0.001
Gastrointestinal complications 5.7 3.3 <0.001 1.21 1.07-1.37 0.002
Cardiac complications 1.3 0.8 <0.001 1.16 0.91-1.48 0.24
Stroke complications 0.1 0.1 0.55 0.96 0.48-1.91 0.91
Infectious complications 7.4 3.7 <0.001 1.34 1.20-1.50 <0.001
Respiratory complications 7.7 3.5 <0.001 1.54 1.38-1.72 <0.001
Blood transfusion 8.1 5.4 <0.001 1.18 1.06-1.30 0.002
Thromboembolism 1.1 0.6 <0.001 2.05 1.45-2.90 <0.001
Acute kidney injury 9.4 6.5 <0.001 0.82 0.75-0.91 <0.001
Non-home discharge 10.5 7.0 <0.001 1.54 1.40-1.70 <0.001
Discharge against medical advice <0.1 % 0.5 % <0.001 3.49 2.36-5.17 <0.001
Resource utilization
Duration of stay (days) [IQR] 6 [4-9] 4 [3-7] <0.001 +0.90 +0.68-1.12 <0.001
Costs (USD $1000) [IQR] 24.2 [16.3-39.4] 18.9 [13.5-28.7] <0.001 +3.63 +2.65-4.61 <0.001
! 40 *P<0.001
Outcomes : *P<0.01 .
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Fig. 3. Association of SUD with perioperative outcomes.

Following risk adjustment and with nSUD as reference, SUD remained associ-
ated with similar likelihood of in-hospital mortality, but greater odds of any
perioperative complication. Specifically, SUD demonstrated increased likeli-
hood of gastrointestinal, infection, respiratory, and thromboembolic compli-
cations, as well as need for blood transfusion. Further, SUD was linked with
higher odds of discharge to extended care facilities, relative to nSUD.

* indicates statistical significance, P < 0.01. Error bars represent 95 % confi-
dence intervals.

Discussion

In the present nationally representative analysis, we found concur-
rent substance abuse to be associated with similar mortality, but greater
complications following elective abdominal operations. Moreover, SUD
was linked with greater duration of stay and hospitalization costs.
Lastly, SUD patients more often required discharge to extended care
facilities. With implications for the care of this complex cohort, several
of these findings merit further discussion.

Patients with concurrent SUD represent a complex, but growing,
surgical cohort. We identified 3 % of the sample to present with SUD,
with the largest proportion of hospitalized patients treated in California,
Washington, Oregon, Hawaii, and Alaska. Interestingly, the western and
southern U.S. are noted to face increased burden of SUD, but the lowest
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of any perioperative complication following colectomy (19.3 vs 11.9 %),
esophagectomy (33.3 vs 23.2 %), gastrectomy (23.8 vs 15.4 %), hepatectomy
(26.0 vs 14.9 %), and pancreatectomy (26.9 vs 19.1 %, all P < 0.001).
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Fig. 5. Adjusted hospitalization expenditures, stratified by operation.
Relative to nSUD, SUD patients experienced increased adjusted hospitalization
costs across all operations considered, including colectomy (SUD $29,878 vs
nSUD 22,582), esophagectomy ($55,479 vs 48,215), gastrectomy ($42,219 vs
34,213), hepatectomy ($41,256 vs 32,487) and pancreatectomy ($47,374 vs
41,452, all P < 0.001).
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utilization of treatment services, potentially contributing to the greater
SUD prevalence noted in this study [34,35]. Relative to others, these
patients were younger, more often socioeconomically disadvantaged,
insured by Medicaid, and of Black race. Given such sociodemographic
factors have been independently linked with both reduced access to and
outcomes following surgical care, they may both compound and
magnify SUD-associated inequities. Further, in line with prior reports
[36,37], we found the SUD cohort to have a significantly higher co-
morbidity burden. Yet, after adjusting for these demographic and clin-
ical characteristics, SUD remained persistently associated with inferior
postoperative outcomes, relative to others.

Importantly, we noted patients with SUD to face a ~17 % increase in
relative risk of any perioperative complication, including gastrointes-
tinal, respiratory, and infectious sequelae. These findings align with
prior work reporting chronic opioid users to face increased complica-
tions following elective hysterectomy, ventral hernia repair, and bar-
iatric surgery [17]. Notably, some have attributed this greater
vulnerability to stem from inadequate analgesia. Patients with SUD have
been reported to exhibit higher narcotic requirements and greater sus-
ceptibility to perioperative pain [6,8,38,39]. Poor pain control leading
to insufficient pulmonary hygiene could contribute to higher risk of
respiratory failure and pneumonia, especially as these patients may
already experience SUD-related impaired mucociliary clearance or
pulmonary inflammation [40]. Efforts to address postoperative pain
through multimodal approaches, including epidurals, regional blocks,
and non-pharmacologic mechanisms, may increase incentive spirometer
use and encourage improved pulmonary toilet. Chronic substance use
has also been linked with broad immunosuppression [41-44] and
impaired gastrointestinal function [45]. Ideally, such patients would
receive outpatient treatment for SUD before proceeding with elective
surgery. However, as this may not be possible, particularly among pa-
tients undergoing resection for malignancy, broadened screening upon
admission could identify those most at risk for adverse postoperative
outcomes. Even among patients who received treatment preoperatively,
though, SUD should be considered a chronic condition, in which chal-
lenges with symptoms and adherence may persist indefinitely [46].
Therefore, these patients may benefit from specifically-designed hospi-
tal care pathways and well-designed electronic health record order sets
focused on improved preoperative risk mitigation, including careful
antibiotic selection, perioperative coordination with pain specialists,
and slow resumption of diet. Yet, we additionally recognize the influ-
ence of structural racism on U.S. drug policy, substance use screening,
and access to care [47]. Therefore, every effort must be taken to ensure
more widespread SUD screening is not targeted to any one community or
group, and yields improved care, without greater patient harm.

Following adjustment for complications, SUD remained associated
with increased duration of stay, hospitalization expenditures, and
discharge to extended care facilities, including skilled nursing facilities
and acute rehabilitation centers. Given this, earlier integration of social
work and discharge planning could potentially reduce unnecessary de-
lays in discharge, and ensure these patients can access necessary services
and support for their postoperative recovery. Of note, while overall rates
remained low, the SUD cohort also faced an over three-fold increase in
likelihood of discharge against medical advice. Discharge against med-
ical advice may stem from inadequate SUD treatment, uncontrolled
pain, or experiences during hospitalization that reflect discrimination or
stigma [48], and has been linked with negative health effects [49].
While post-discharge outcomes were unavailable for this analysis, prior
studies have reported up to a 150 % increase in readmission rates among
patients with opioid dependence [9,15]. Future work is needed to
evaluate both discharge against medical advice and readmission among
the broader SUD cohort, and design interventions to boost access to and
adherence with follow-up care.

The present study has several important limitations. As an adminis-
trative database, the NRD relies on ICD coding, which is subject to
clinician, hospital, and regional variation in practice. Granular
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physiologic, pharmacologic, laboratory, or imaging data was not
detailed. We also could not access intraoperative details, including
blood loss, extent of disease, or operative time. Among the patients
undergoing resection for cancer, we could not identify stage nor receipt
of neoadjuvant therapy. Importantly, information regarding duration of
substance use, regularity, or dose was not reported. Further, we could
not assess whether patients had received or were currently engaging
with substance use disorder treatment services or rehabilitation. While
the administrative codes utilized in this study to ascertain SUD are
highly specific [50], they may not fully capture the broader patient
population facing SUD. Broader screening and utilization of these codes
as part of electronic health record documentation may improve their
sensitivity. Although we adjusted for inter-cohort differences using en-
tropy balancing, unknown confounders may have remained. Despite
these limitations, we applied robust statistical methods and the largest
available national database to examine this topic.

In conclusion, concurrent substance abuse is associated with
increased complications, resource utilization, and non-home discharge
following elective abdominal operations. Patents should be screened for
SUD upon hospital admission, and clinicians should both recognize and
take action to mitigate increased risk in the perioperative period. Given
the continued and unrelenting substance abuse epidemic, additional
work is needed to develop and implement in-hospital interventions for
this group, and address significant disparities in postoperative
outcomes.
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