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Background: Enhanced recovery programs (ERPs) improve outcomes, but over 20 % of patients fail ERP and the
contribution of social vulnerability is unknown. This study aimed to characterize the association between social
vulnerability and ERP adherence and failure.
Methods: This was a retrospective cohort study of colorectal surgery patients between 2015 and 2020 utilizing
ACS-NSQIP data. Patients who failed ERP (LOS > 6 days) were compared to patients not failing ERP. The CDC's
social vulnerability index (SVI) was used to assess social vulnerability.
Result: 273 of 1191 patients (22.9 %) failed ERP. SVI was a significant predictor of ERP failure (OR 4.6, 95 % CI
1.3–16.8) among those with >70 % ERP component adherence. SVI scores were significantly higher among pa-
tients non-adherent with 3 key ERP components: preoperative block (0.58 vs. 0.51, p < 0.01), early diet (0.57
vs. 0.52, p = 0.04) and early foley removal (0.55 vs. 0.50, p < 0.01).
Conclusions: Higher social vulnerability was associated with non-adherence to 3 key ERP components as well as
ERP failure among thosewhowere adherent with>70 % of ERP components. Social vulnerability needs to be rec-
ognized, addressed, and included in efforts to further improve ERPs.
Key message: Social vulnerability is associated with non-adherence to enhanced recovery components and ERP
failure among those with high ERP adherence. Social vulnerability needs to be addressed in efforts to improve
ERPs.
© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Since the 1990s, enhanced recovery programs (ERP) have prolifer-
ated across surgical specialties. The benefits of ERPs are well-
documented and include reduced postoperative lengths of stay, compli-
cations, and pain in addition to earlier mobilization and faster return of
bowel function [1–6]. ERPs have also been shown to reduce racial and
socioeconomic disparities in surgical outcomes such as length-of-stay
(LOS) [1,2,4–9]. Given thesemany benefits of ERPs, it is important to un-
derstand who still ‘fails’ ERPs and to identify the driving forces behind
these failures [10].

Previous work has demonstrated that preoperative factors (age,
gender, anxiety, chronic pain, etc.), intraoperative factors (operative du-
ration, blood loss, anastomosis type, stoma formation, open approach,
. This is an open access article under
etc.), and postoperative factors (complications, reoperation, ERP adher-
ence, etc.) are associated with ERP failure and prolonged LOS [11–18].
Studies have also observed racial and socioeconomic disparities in ad-
herence to specific aspects of ERPs in colorectal surgery patients [19].
Few studies, however, have focused on understanding the mechanism
(s) driving these observations - specifically how social determinants of
health (SDOH) contribute to ERP adherence and ERP outcomes. This
knowledge gap is important tofill as increasing evidence has implicated
SDOH as key, and often neglected, contributors to health outcomes and
health disparities [20–25].

This gap is further compounded by the challenge in measuring
SDOHs. Recently, however, social vulnerability has been recognized as
a measurable predictor of adverse surgical outcomes such as complica-
tions, increased LOS, low adherence to postoperative recovery instruc-
tions, and receipt of surgery for cancer [26–30]. To measure social
vulnerability, the Social Vulnerability Index (SVI) was originally devel-
oped by the Centers for Disease Control and Prevention to assess the
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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vulnerability of populations to environmental stressors [31]. The SVI
captures key components of patients' socioecological environment in-
cluding socioeconomic status, household composition and disability,
minority status and language, and housing and transportation. As
such, it allows for a comprehensive area-level assessment of specific
SDOHs that may affect surgical outcomes and disparities. Given the
role ERPs play in improving surgical outcomes and reducing disparities,
understanding the role of social vulnerability in determining ERP com-
ponent adherence and failure has important implications in further im-
proving ERPs.

Therefore, the goal of this study was to characterize the role SVI
plays in determining ERP failure and ERP component adherence
among colorectal surgery patients. This knowledgemay provide targets
to enhance the quality of current ERPs, reduce ERP failure rates, and fur-
ther optimize outcomes for all patients. We hypothesized that increas-
ing SVI (meaning more socially vulnerable patients) would be
associated with lower ERP component adherence. Additionally, given
the known impact of ERP component adherence on ERP success, we hy-
pothesized that increasing SVI would also be associated with increased
rates of ERP failure among both ERP adherent and non-adherent pa-
tients.

Methods

Study design. This study is a retrospective cohort analysis of colorectal
surgery patients at The University of Alabama at Birmingham (UAB), a
tertiary referral center serving a diverse patient population. The study
protocol was reviewed and approved by the UAB Institutional Review
Board (IRB -140,304,007). The ERP pathway was implemented at UAB
in December of 2014 and is consistent with the ERP Society Guidelines
for colon and rectal surgery [32]. Adherence with 10 individual ERP
components (Table 2) is also collected prospectively at the institution,
in tandem with traditional demographic and clinical variables used by
the American College of Surgeons National Surgical Quality Improve-
ment Program (ACS-NSQIP).

Patient population and data sources. The study population included
all patients undergoing colorectal surgery with ERP at UAB between
2015 and 2020 and captured in a prospectivelymaintained institutional
ACS-NSQIP database. All patients were older than 18 years of age and
underwent major elective colorectal operations as identified by CPT
codes. Due to a small sample size (n = 21), patients with races other
than white or black (i.e. American Indian/Alaska native n = 5, Asian
n = 11, and unknown n = 5) were excluded. Patient- and procedure-
level variables were obtained from the UAB ACS-NSQIP colorectal regis-
try and included all ACS-NSQIP recommended variables (e.g. preopera-
tive wound infection noted either preoperatively or intraoperatively at
intended surgical site).

The 2018 SVI is a composite score constructed from 15 variables in
the 2014–2018 American Community Survey aggregated to Census
tracts and grouped into 4 domains: Socioeconomic Status, Household
Composition and Disability, Minority Status and Language, and Housing
and Transportation. Variables are ranked across U.S. Census tracts, and a
percentile rank is calculated for each Census tract. The resulting index
ranges from 0 to 1, with higher values indicating higher vulnerability.
The fullmethodologic details of the creation of the SVI are available else-
where [33]. We used the 2018 SVI dataset in our analysis as it repre-
sented a midpoint of our study population and had not undergone
significant changes to census tract geography (as with the 2020 ver-
sion).

Participant addresses were matched to Census tract codes using a
2018 address to census tract geocoding tool provided by the Census Bu-
reau [34]. Records were then linked by Census tract to the 2018 Social
Vulnerability Index (SVI) scores obtained from a publicly available
dataset [35]. The median overall and subtheme vulnerability measures
of the census tracts linked to each patient's address were utilized for
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the described analyses. Patients with missing or PO box addresses
(N = 199) were excluded from the adjusted analysis as no census
tract was able to be assigned to these patients.

Measures and analysis. The primary outcome was ERP failure defined
as hospital length-of-stay in the top quartile of all patients undergoing
colorectal surgery with ERP at UAB (>6 days in this population). This
definition was based on previous literature definitions related to pro-
longed length-of-stay [10,13–15,17,18] and ERP failure. The secondary
outcome was ERP component adherence which was defined as adher-
ence with >70 % (>7/10) of the recorded ERP components (Table 2).
The primary exposure was overall vulnerability score (SVI) used as a
continuous variable.

Bivariate comparisons were made using Chi-square, t-tests, and
Wilcoxon Rank Sums tests where appropriate. Multivariable logistic re-
gression models for the primary outcome (ERP failure) were con-
structed starting with all covariates found significantly different
between the ERP failure groups on bivariate analysis. The covariates
considered for initial model inclusion included demographic variables
(age, gender, race), comorbidities (preoperative dyspnea, dialysis de-
pendence, preoperative wound infection, steroid use, and preoperative
weight loss), procedure type, operative approach (open vs. minimally
invasive), overall ERP adherence, and overall SVI score.

After removing covariates with significant missing values as well as
those not statistically significant or clinically relevant, final covariates
included in the model were age, race, gender, preoperative wound in-
fection, dialysis dependence, dyspnea, steroid use, procedure type, op-
erative approach, ERP adherence >70 %, and overall SVI score. We also
chose to include an interaction factor between ERP adherence >70 %
and SVI in the model to determine whether the effect on SVI on
length-of-stay varied by ERP adherence. Additionally, we created sepa-
rate models stratified by ERP adherence. Preoperative weight loss was
not included in the model due to a significant amount of missing data
(40 %) and limited overall incidence (n=22, 3.1 %). Robust standard er-
rors were used in modeling to account for clustering of participants by
census tract.

As a sensitivity analysis, and to account for any potential confound-
ing between our exposure of interest (SVI) and outcome (ERP failure)
due to complication status and type of procedure (i.e. open or APR/ex-
enteration), a similar multivariate logistic regression model was con-
structed using only patients with no postoperative complications
(n = 939) and patients with only minimally invasive extended or par-
tial colectomies (n = 761) (Table 4). Finally, the secondary outcome
of ERP adherence was analyzed using multivariate logistic regression
models with the outcome of >70 % ERP component adherence. For all
models, only patients with complete clinical data were included. Data
was analyzed using R [36] and SAS 9.4 (SAS Institute, Cary, NC). Statisti-
cal significance was assessed at p-value <0.05.

Results

The analytic sample included 1191 patients with a median age of 58
(IQR 47.5–68.5) years, 55 % females, 24.7 % Black race, and 80 % of the
sample undergoing partial or extended colectomy. Median overall SVI
score for the sample was 0.5 (IQR 0.2–0.7), with higher vulnerability
scores in the Household Composition and Disability theme (median
0.6, IQR 0.3–0.8) and lower vulnerability scores in the Minority Status
and Language (median 0.4, IQR 0.2–0.6) and Housing and Transporta-
tion themes (median 0.4, IQR 0.2–0.7). Participant characteristics and
procedure types, overall and by ERP status, are presented in Table 1.
As defined a priori, nearly a quarter of the sample (n = 273, 22.9 %)
failed ERP and had the highest quartile length-of-stay.

Demographic factors associated with ERP failure includedmale gen-
der (51.3 % vs. 42.3 % in the ERP non-failure group, p < 0.01) and Black
race (33.7 % vs. 22.1 % in the ERP non-failure group, p < 0.01). Preoper-
ative clinical characteristics associated with ERP failure included



Table 1
Participant characteristics, procedure types and outcomes, by ERP status (N = 1191).

Characteristics Overall
(N = 1191)

ERP non-failure
(N = 918)

ERP failure
(N = 273)

p-Value

Age, median (Q1, Q3) 58.4 (47.5–68.5) 58.4 (47.6–68.3) 58.8 (46.7–69.1) 0.75
Gender, n (%) <0.01
Female 663 (55.7) 530 (57.7) 133 (48.7)
Male 528 (44.3) 388 (42.3) 140 (51.3)

Race, n (%) <0.01
Black 294 (24.7) 202 (22.0) 92 (33.7)
White 897 (75.3) 716 (78.0) 181 (66.3)

SVI, median (Q1, Q3)
Overall score 0.5 (0.2–0.7) 0.5 (0.2–0.7) 0.6 (0.3–0.8) <0.01
Theme 1: Socioeconomic status 0.6 (0.3–0.8) 0.5 (0.2–0.8) 0.7 (0.3–0.8) <0.01
Theme 2: Household composition and disability 0.6 (0.3–0.8) 0.6 (0.3–0.8) 0.7 (0.4–0.9) 0.01
Theme 3: Minority status and language 0.4 (0.2–0.6) 0.4 (0.2–0.6) 0.4 (0.2–0.6) 0.29

Subtheme: limited English proficiency, mean (SD) 0.3 (0.24) 0.27 (0.24) 0.26 (0.25) 0.71
Theme 4: Housing and transportation 0.4 (0.2–0.7) 0.4 (0.2–0.7) 0.5 (0.3–0.7) 0.01

Independent functional health status (n, %) 1185 (99.5) 915 (99.7) 270 (98.9) 0.11
COPD (n, %) 40 (3.4) 27 (2.9) 13 (4.8) 0.14
Preop wound infection (n, %) 9 (0.8) 2 (0.2) 7 (2.6) <0.01
Diabetes mellitus, n (%) 170 (14.3) 119 (13.0) 51 (18.6) 0.06
Smoking, n (%) 192 (16.1) 139 (15.1) 53 (19.4) 0.09
Dyspnea on moderate exertion, n (%) 123 (10.3) 76 (8.3) 47 (17.2) <0.01
CHF, n (%) 5 (0.4) 2 (0.2) 3 (1.1) 0.05
Dialysis dependent, n (%) 11 (0.9) 1 (0.1) 10 (3.7) <0.01
Cancer, n (%) 55 (4.6) 42 (4.6) 13 (4.8) 0.9
Steroid Use, n (%) 203 (17.0) 145 (15.8) 58 (21.2) 0.04
Preop loss of >10 % body weight, n (%) 22 (3.1) 9 (1.7) 13 (7.5) <0.01
Bleeding disorder, n (%) 30 (2.5) 19 (2.1) 11 (4.0) 0.07
Operative approach, n (%) <0.01
Open 280 (28.4) 167 (22.1) 113 (48.9)
Minimally invasive (laparoscopic or robotic) 705 (71.6) 587 (77.9) 118 (51.1)

Procedure, n (%) <0.01
APR/exenteration 187 (15.7) 122 (13.3) 65 (23.8)
Extended colectomy 508 (42.7) 402 (43.8) 106 (38.8)
Partial colectomy 450 (37.8) 349 (38.0) 101 (37.0)
Other 46 (3.9) 45 (4.9) 1 (0.4)

HLOS, median (Q1, Q3) 4 (3.0–6.0) 3 (2.0–4.0) 10 (8.0–16.0) <0.01
Readmission, n (%) 152 (12.8) 108 (11.8) 44 (16.1) 0.06
Any complication, n (%) 252 (21.2) 121 (13.2) 131 (47.9) <0.01

Bold font represents significant p values <0.05.
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dyspnea (17.2 % vs. 8.3 % in the ERP non-failure group, p< 0.01), dialysis
dependence (3.1 % vs. 0.1 % in the ERP non-failure group, p < 0.01), ste-
roid use (21.3 % vs. 15.8 % in the ERP non-failure group, p = 0.04), and
preoperative weight loss >10 % of total body weight (7.5 % vs. 1.7 % in
the ERP non-failure group, p < 0.01). In terms of procedures, the ERP
failure group had more open approaches (49 % vs. 22 % in the ERP
non-failure group, p < 0.01), APR/exenteration (23.8 % vs. 13.3 % in
the ERP non-failure group, p < 0.01) and fewer extended colectomy
procedures (38.8 % vs. 43.8 % in the ERP non-failure group, p < 0.01)
(Table 1).

Table 1 and Appendix 1 present postoperative clinical characteristics
of the sample by ERP status. As defined, median hospital length-of-stay
was 10 days (IQR 8–16) in the ERP failure group and 3 days (IQR 2–4)
ERP non-failure group. Postoperative complicationsweremore frequent
within the ERP failure group (47 % vs. 13 %, p < 0.01). Specific complica-
tions higher in the ERP failure group included readmission (16 % vs.
11 %, p= 0.06), renal failure (1.1 % vs. 0.1 %, p= 0.01), acute kidney in-
jury (2.6 % vs. 0.4 % p < 0.01), organ space infection (15.8 % vs. 3.8 %,
p < 0.01), superficial infection (6.6 % vs. 2.5 %, p < 0.01), sepsis (3.7 %
vs. 1.2 %, p < 0.01), transfusion requirement (17.6 % vs. 4.0 %,
p < 0.01), and venous thromboembolism (2.6 % vs. 0.2 %, p < 0.01).

Therewere significant differences in ERP failure overall by social vul-
nerability. Themedian overall SVI score (0.6 vs. 0.5, p < 0.01) and three
theme scores (socioeconomic statusmedian 0.7 vs. 0.5, household com-
position and disability median 0.7 vs. 0.6, and housing and transporta-
tion median 0.5 vs. 0.4, all p ≤ 0.01) were all significantly higher in the
ERP failure group compared to the non-failure group (Table 1). The pre-
dicted probability of ERP failure by overall SVI scores is shown in Fig. 1.
3

When stratifying by ERP adherence,we observed that among thosewho
were adherentwith ERP, higher SVI scorewas associatedwith increased
odds of ERP failure (SVI 1.0 vs. 0.0: OR 4.6, 95 % CI 1.3–16.8). This rela-
tionship was not seen among those who were non-adherent with ERP
(SVI 1.0 vs. 0.0: OR 1.1, 95 % CI 0.4–3.0) with non-adherent patients
experiencing higher odds of ERP failure unaffected by SVI status.

ERP component adherence was assessed for 10 individual ERP com-
ponents (Table 2). Mean ERP adherence rate was 78.7 %, with 81.2 %% of
the cohort achieving >70 % ERP component adherence. Compared to
the ERP non-failure group, adherence rates in the ERP failure group
were significantly lower for 9 of the 10 measured ERP components.
ERP component adherence of >70 % was also significantly lower in
the ERP failure group compared to the ERP non-failure group (48.0 %
vs. 91.1 %, p < 0.01). There were significant differences in social vulner-
ability by ERP adherence. Specifically, overall SVI scores were higher
among those who were not compliant with preoperative block
(p < 0.01), foley catheterization removal by POD 2 (p < 0.01) and
early diet initiation (p = 0.04). Additionally, higher SVI was seen
among those adherent with <70 % of individual ERP components com-
pared to those adherent with >70 % ERP components (p < 0.01).

Multivariable logistic regression models were constructed to assess
factors associated with SVI andwith ERP failure (Table 3). In the overall
model, we found that SVI was not associated with ERP failure. Factors
associated with increased odds of ERP failure included Black race, pre-
operative dialysis, preoperative steroid use, open operative approach,
and APR/Exenteration procedures. When models were stratified by
ERP component adherence >70 %, we found that SVI was associated
with ERP failure (OR 4.6, 95 % CI 1.3–16.8) for the ERP adherent group



Fig. 1. Predicted probability of ERP failure by SVI score overall (A) and by SVI score and ERP adherence status (B).
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butwas not associatedwith ERP failure in the ERP non-adherent ground
(OR 1.1, 95 % CI 0.4–3.0). Alternatively, Black race did not remain a sig-
nificant predictor of ERP failure among those who were ERP adherent
(OR 1.0, 95 % CI 0.5–2.1), but was associated with increased odds of
ERP failure among those non-adherent to ERP (OR 2.0, 95 % CI 1.1–3.6).

Additionally, a model was constructed to assess factors associated
with ERP failure only among those with no postoperative complications
Table 2
ERP component adherence, ERP failure status among component adherent population and me

ERP components Overall component
adherence (n, %)

Adherence rate

ERP non-failure
(n, %)

Preoperative education 245 (20.6) 201 (21.9)
Preoperative bowel prep 1013 (85.1) 794 (86.5)
Preoperative block 945 (79.4) 744 (81.1)
Regular diet by post-op day (POD) 1 994 (83.5) 811 (88.3)
Early (POD 1) mobilization 471 (39.6) 395 (43.1)
Foley removal by POD 2 668 (56.1) 562 (61.2)
Any DVT ppx by POD 1 (mechanical or chemical) 1164 (97.7) 902 (98.3)
Receipt of multimodal pain meds 944 (79.3) 735 (80.1)
Maintenance of normothermia 1069 (89.8) 842 (91.7)
Chemical DVT prophylaxis by POD 1 965 (81.0) 760 (82.8)
>70 % ERP component adherence 967 (81.2) 836 (91.1)
Mean % ERP component adherence (SD) 78.7 % (16.4) 83.1 % (13.3)

Bold font represents significant p values <0.05.
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(n = 939, Table 4) and those undergoing only minimally invasive par-
tial or extended colectomies (n = 761, Table 4). Among those with no
complications, SVI was not significantly associated with ERP failure
(OR 1.1, 95 % CI 0.3–34.3), and on stratification by ERP adherence status,
increasing SVI did not appear to have any effect on ERP failure rates in
either the ERP adherent or non-adherent groups (Table 4). Additionally,
after excluding those undergoing open surgeries or APR/exenteration
an SVI among components adherent population.

s by ERP failure status SVI by adherence status

ERP failure
(n, %)

p
value

Mean (SD) SVI among
adherent

Mean (SD) SVI among
nonadherent

p
value

44 (16.1) 0.04 0.50 (0.28) 0.53 (0.3) 0.10
219 (80.2) 0.01 0.53 (0.3) 0.52 (0.3) 0.82
201 (73.6) <0.01 0.51 (0.3) 0.58 (0.2) <0.01
183 (67.0) <0.01 0.52 (0.3) 0.57 (0.3) 0.04
76 (27.9) <0.01 0.51 (0.3) 0.53 (0.3) 0.17
106 (38.8) <0.01 0.50 (0.3) 0.55 (0.3) <0.01
262 (95.9) 0.03 0.53 (0.3) 0.52 (0.3) 0.89
209 (76.6) 0.21 0.52 (0.3) 0.54 (0.3) 0.32
227 (83.2) <0.01 0.53 (0.3) 0.52 (0.3) 0.95
205 (75.1) <0.01 0.52 (0.3) 0.53 (0.3) 0.99
131 (48.0) <0.01 0.51 (0.3) 0.59 (0.3) <0.01
63.9 % (17.4) <0.01 NA NA NA



Table 3
Multivariable logistic regression models for ERP failure: Overall and stratified by ERP adherence.

Outcome: ERP failure Overall Stratified models

ERP adherent ERP non-adherent

OR (95 % CI) OR (95 % CI) OR (95 % CI)

Age 1.0 (0.99–1.0) 0.98 (0.9–1.0) 1.02 (1.0–1.04)
Male gender 1.2 (0.8–1.8) 1.2 (0.7–2.3) 1.2 (0.7–2.0)
Black race 1.6 (1.0–2.5) 1.0 (0.5–2.1) 2.0 (1.1–3.6)
Preop wound infection 5.9 (0.7–144) NA NA
Preop dyspnea with moderate exertion 1.6 (0.9–2.9) 2.3 (0.8–5.8) 1.4 (0.7–2.9)
Preop dialysis 14.9 (2.0–318) NA 7.7 (1.1–156.7)
Preop steroids 1.8 (1.0–3.0) 1.8 (0.8–3.8) 1.7 (0.9–3.5)
Procedure
Other vs. partial colectomy 0.1 (0.0–0.6) 0.4 (0.02–2.8) NA
Extended vs. partial colectomy 1.1 (0.7–1.7) 1.2 (0.6–2.4) 1.0 (0.6–1.9)
APR/exenteration vs. partial colectomy 1.8 (1.0–3.1) 2.3 (0.9–5.5) 1.6 (0.8–3.2)

Open operative approach (vs. MIS) 2.5 (1.7–3.7) 2.7 (1.4–5.2) 2.7 (1.6–4.5)
SVI score (per 1 unit increase) 1.3 (0.5–3.6) 4.6 (1.3–16.8) 1.1 (0.4–3.0)
ERP adherent 0.1 (0.04–0.3) – –
SVI × ERP adherence interaction 2.6 (0.6–11.8) – –
n 819 532 280

Bold font indicates covariate significantly associated with increase (or decrease) in odds of ERP failure.

Table 4
Sensitivity analysis: multivariable logistic regression models for ERP failure in patients with no complications (n= 939) and no open or APR procedures (n= 761): Overall and stratified
by ERP adherence.

Outcome: ERP failure Overall Stratified models

ERP adherent ERP non-adherent

OR (95 % CI) OR (95 % CI) OR (95 % CI)

Overall model: SVI score (per 1 unit increase) 1.3 (0.5–3.6) 4.6 (1.3–16.8) 1.1 (0.4–3.0)
n 819 532 280

Model with no complicationsa: SVI score (per 1 unit increase) 1.1 (0.3–4.3) 2.7 (0.6–11.9) 0.8 (0.2–3.5)
n 651 458 186

Model with no open or APR proceduresb: SVI score (per 1 unit increase) 0.6 (0.2–2.1) 3.2 (0.8–14.9) 0.6 (0.2–2.2)
n 640 455 185

Bold font indicates covariate significantly associated with increase (or decrease) in odds of ERP failure.
a No complications model adjusted for age, gender, race, dyspnea, dialysis, steroids, procedure type, operative approach, and ERP adherence status.
b No APR or open procedures model adjusted for age, gender, race, dyspnea, steroid, ERP adherence.

Table 5
Multivariable logistic regression models for >70 % ERP component adherence.

Outcome: >70 % ERP component adherence Overall
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procedures increasing SVI was not significantly associated with odds of
ERP failure either overall (OR 0.6, 95 % CI 0.2–2.1) or when stratified by
ERP adherence status (Table 4).

Finally, a model was constructed assessing factors associated with
the outcome of >70 % ERP component adherence (or adherence to
>7/10 measured ERP components). Factors significantly associated
with decreased odds of >70 % ERP component adherence included pre-
operative dyspnea with moderate exertion (OR 0.5, 95 % CI 0.3–0.9),
preoperative dialysis (OR 0.1, 95 % CI 0.00–0.54), APR/Exenteration pro-
cedure (OR 0.5, 95 % CI 0.3–0.8), open operative approach (OR 0.4, 95 %
CI 0.3–0.5). Black race (OR 0.7, 95 % CI 0.5–0.98) and increasing SVI (OR
0.5, 95 % CI 0.3–0.95) (Table 5).
OR (95 % CI)

Age 1.0 (0.98–1.0)
Male gender 0.9 (0.6–1.2)
Black race 0.7 (0.5–0.9)
Preop dyspnea with moderate exertion 0.6 (0.4–0.9)
Preop dialysis 0.1 (0.00–0.5)
Preop steroids 0.6 (0.4–1.0)
Procedure
Other vs. partial colectomy 2.1 (0.8–6.2)
\Extended vs. partial colectomy 1.0 (0.7–1.4)
APR/Exenteration vs. partial colectomy 0.5 (0.3–0.8)

Open operative approach (vs. MIS) 0.4 (0.3–0.5)
SVI score (per 1 unit increase) 0.5 (0.3–0.99)
Preoperative wound infection 0.3 (0.01–2.0)
n 819

Bold font indicates covariate significantly associatedwith increase (or decrease) in odds of
ERP failure.
Discussion

This study demonstrated that higher social vulnerability was associ-
ated with non-adherence to three key elements of ERPs (preoperative
block, early foley removal, and early diet initiation) and that even
among those who achieved >70 % ERP adherence, higher social vulner-
ability was associated with increased odds of ERP failure. Increasing SVI
not only impacted ERP failure among those expected to benefit themost
from ERPs, but also was associated with the mechanism whereby ERP
benefits surgical patients, ERP component adherence. This study repre-
sents one of the first attempts to establish the role that social determi-
nants of health, including social vulnerability, play in ERPs and
demonstrates a novel association between social vulnerability and ERP
adherence and failure.
5

Previous studies have shown that a range of traditional pre, intra,
and post-operative factors are associated with increased risk of ERP fail-
ure [10]. Our results are similar to previous investigations showing that
surgical complications [11–13,18] and procedures like an APR (a techni-
cally complicated casewith longer operative duration [11,13,15,17]) are
associated with increased risk of ERP failure. Many studies have also re-
ported that increased blood loss [13,15–18] is associatedwith increased
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risk of ERP failure. Operative blood loss was not collected in this analy-
sis; however, our findings demonstrated that the need for postoperative
transfusion is associated with increased risk of ERP failure. Additionally,
preoperative dyspnea andweight loss were found to be predictors of ERP
failure, a finding in line with the study done by Renz et al. who docu-
mented that lower preoperative albumin is associated with increased
ERP failure [16]. These findings underscore the need for attention to pre-
operative functional and nutritional status, and optimization as necessary,
as recommended by ERAS society guidelines [32]. However, the question
ofwho fails ERP also needs tomove beyond traditional clinical factors. So-
cial determinants of health play a known role in health outcomes [26–29]
and as our study demonstrates, also appear to have a previously unrecog-
nized and important role in ERP adherence and failure.

Previous literature has demonstrated that the benefits of ERP are de-
pendent on adherence to individual components, and these adherence
rates vary considerably [37,38]. Additionally, our study showed that
SVI was associated with overall >70 % ERP component adherence, and
vulnerable patients were more likely to be non-adherent with key ERP
components such as receipt of a preoperative block, early foley removal,
and early diet initiation. Therefore, a portion of the effect of social vul-
nerability on ERP failure may relate to ERP process adherence. As such,
a multidisciplinary, individualized preoperative social vulnerability as-
sessment using the SVI could guide attention toward patients of greatest
risk and could serve to link vulnerable patients with existing social ser-
vices. This approach could be tailored to disparity populations (i.e.
pairing a patient with high vulnerability in the transportation sub
theme with transportation assistance programs etc.) to reduce health
disparities by improving ERP component adherence, ERP success, and
surgical outcomes in those most vulnerable.

In this study, we also demonstrated a significant and novel associa-
tion between social vulnerability and ERP failure rates. Specifically,
those with high vulnerability in areas of Socioeconomic Status, House-
hold Composition and Disability, and Housing and Transportation had
higher rates of ERP failure. Furthermore, higher social vulnerability
was specifically associated with increased odds of ERP failure among
those adherent with >70 % ERP components. Conversely, increasing so-
cial vulnerability did not affect the odds of ERP failure among those non-
adherent to ERP processes. This finding highlights the importance of
ERP component adherence and the impact non-adherence has on
length-of-stay and ERP success, regardless of social vulnerability. This
suggests that while improving ERP adherence is important to improve
outcomes in socially vulnerable populations, additional efforts to im-
prove outcomes beyond ERP adherence are necessary.

Finally, while previous work has demonstrated reductions in racial
disparities following implementation of ERP [1–5,7] findings from this
study add an important caveat to this body of work. Namely, the associ-
ation of race on ERP failure may depend on ERP process adherence, and
that among those adherent to >70 % of individual ERP components, no
racial disparities in odds of ERP failure were observed. However, among
those non-adherent to ERP components racial disparities remainedwith
the odds of ERP failure significantly impacted by patient race. Addition-
ally, while the effects of SVI on ERP failure were most pronounced
among those adherent to ERP, this effect was diminished among those
patients with no complications and those undergoing minimally inva-
sive partial or extended colectomies. This also points to a potentially im-
portant interaction between social vulnerability, postoperative
complications, and procedure type that should be the subject of future
research work.

Our study adds to the growing body ofwork showing that social vul-
nerability is associated with worse surgical outcomes [27], including in
the field of colorectal surgery [26,30]. While no previous studies have
focused on the relationship between SVI and ERP component adher-
ence, prior studies have linked lower socioeconomic status andminority
race with decreased ERP component adherence [19,38]. Previous stud-
ies have also demonstrated important reductions in healthcare dispar-
ities following ERP implementation [1,2,4,5,7], however our findings
6

suggest that there is an additional need for ERPs to be improved to
have a greater impact on these disparities. To advance our understand-
ing of this association between SVI and ERP adherence and failure, fur-
ther work is necessary to characterize a range of SDOH at multiple
socioecological levels (i.e. individual, interpersonal, community, organi-
zational and policy levels) using comprehensive tools.

This study has several limitations. First, no intraoperative data was
captured or included in this analysis. However, procedure type and
postoperative transfusion requirement were included, and both were
associated with increased risk of ERP failure. These factors, while not
exact, would be expected to approximate the variables of operative
time and blood loss which have previously been shown to be associated
with increased risk of ERP failure. Second, using length-of-stay as the
primary outcome and defining measure of ERP failure does not account
for many patient reported factors that are important in surgical care.
However, it has been used routinely in previous literature in this field
and represents a strong compositemeasure of outcomes that are impor-
tant to patients, physicians, and hospitals. Third, rates of preoperative
education were relatively low in this group (<25 % documented as re-
ceiving preoperative education). These findings have led to an institu-
tional review of both the processes of delivering and recording
preoperative education with a resulting increase in the percentage of
patients having documented preoperative education. This work will
be highlighted in future studies by this group.

Fourth, this study only included Black or white patients and did not
specifically assess patients' English-speaking ability. While there were
no significant differences by ERP failure status in levels of English profi-
ciency as recorded by the SVI, these populations deserve future dedi-
cated study to optimize ERP use among these potentially vulnerable
patients. Fifth, 17 % of SVI data were not available, due to both missing
patient address data and the inability to assign a Census tract to a PO
box address. While this has the potential to introduce selection bias,
the distribution of obtained SVI values was representative of the area
served by the institution, with approximately 30 % of patients classified
as living in a high vulnerability Census tract. Finally, SVI represents the
average vulnerability of the area within which a patient lives and may
not accurately capture social vulnerability at the individual patient
level. Further work is needed to develop and administer instruments
to collect comprehensive measures of social determinants of health at
an individual level within this population.

Conclusion

Social vulnerability may affect both ERP process adherence, as well
as clinical outcomes among those who are adherent to ERPs. Social vul-
nerability needs to be recognized, included, and targeted in efforts to
further improve ERPs. A preoperative assessment of an individual's so-
cial vulnerability within each domain could lead to targeted interven-
tions aimed at modifying these specific social determinants of health
and reducing their impact on surgical care and recovery. For example,
identifying low cost or free transportation for those with high vulnera-
bility in the transportation subtheme, facilitating easy access to neces-
sary translator services for those with high vulnerability in the
language subtheme, or even proactively pairing patients with high vul-
nerability in the socioeconomic status subtheme with necessary low
cost or free prescription medication or home medical equipment may
prove beneficial in the care of high vulnerability ERP patients. Finally,
unmeasured social determinants of health likely impact ERP adherence
and success as well, and focused, prospective assessment of these
(largely unstudied) domains will be vital in understanding their impact
on colorectal surgical care and disparities.
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Appendix 1. Patient postoperative characteristics, by ERP status (N = 1191)
Postoperative variables
 Overall (N = 1191)
 ERP non-failure (N = 918)
 ERP failure (N = 273)
 p value
LOS, median (Q1, Q3)
 4 (3.0–6.0)
 3 (2.0–4.0)
 10 (8.0–16.0)
 <0.01

eadmission, n (%)
 152 (12.8)
 108 (11.8)
 44 (16.1)
 0.06

ny complication, n (%)
 252 (21.2)
 121 (13.2)
 131 (47.9)
 <0.01

enal failure, n (%)
 4 (0.3)
 1 (0.1)
 3 (1.1)
 0.01

lostridium difficile infection, n (%)
 8 (0.7)
 4 (0.4)
 4 (1.5)
 0.07

eep SSI, n (%)
 12 (1.0)
 7 (0.8)
 5 (1.8)
 0.12

yocardial infarction, n (%)
 4 (0.3)
 2 (0.2)
 2 (0.7)
 0.2

ostop ventilator requirement, n (%)
 7 (0.6)
 3 (0.3)
 4 (1.5)
 0.03

rgan space infection, n (%)
 78 (6.6)
 35 (3.8)
 43 (15.8)
 <0.01

ostop pneumonia, n (%)
 8 (0.7)
 0 (0)
 8 (2.9)
 <0.01

ostop acute kidney injury (AKI), n (%)
 11 (0.9)
 4 (0.4)
 7 (2.6)
 <0.01

ulmonary thromboembolism (PTE), n (%)
 2 (0.2)
 2 (0.2)
 0 (0)
 0.44

ostop sepsis, n (%)
 21 (1.8)
 11 (1.2)
 10 (3.7)
 <0.01

uperficial SSI, n (%)
 41 (3.4)
 23 (2.5)
 18 (6.6)
 <0.01

ostop transfusion, n (%)
 85 (7.1)
 37 (4.0)
 48 (17.6)
 <0.01

tubation, n (%)
 9 (0.8)
 2 (0.2)
 7 (2.6)
 <0.01

rinary tract infection (UTI), n (%)
 15 (1.3)
 11 (1.2)
 4 (1.5)
 0.73

eep venous thrombosis (DVT), n (%)
 9 (0.8)
 2 (0.2)
 7 (2.6)
 <0.01
D
Bold font represents significant p values <0.05.
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