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eAppendix 1. Methodological Details

This systematic review is reported in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Protocols (PRISMA-P) guidelines.! We sought to answer the question: “Is limited English
proficiency in adult patients associated with differences in perioperative care and surgical outcomes, as compared to
English proficient patients?” We specified the research question and prospectively registered our research protocol
with PROSPERO (CRD42022299569) prior to the initiation of the search. 2

Search Strategy

A search strategy was developed in conjunction with a research librarian (Josephine Tan, MLIS) and consisted of
Medical Subject Headings (MeSH) terms related to language barriers, perioperative or surgical care, and
perioperative outcomes as listed in Appendix 1. We performed searches in MEDLINE via PubMed, EMBASE, Web
of Science, Sociological Abstracts, and CINAHL with no restriction on publication date. The final search was
conducted on December 7, 2022. Citations listed in bibliographies of articles that met eligibility criteria, including
any relevant systematic reviews and meta-analyses, were also reviewed. We also consulted experts in the field of
language barrier research for additional article suggestions. Only studies in English and conducted in English
speaking countries were included.

Study Selection Criteria

Inclusion criteria included original observational or experimental studies (cohort, case-control, cross-sectional, and
randomized clinical trials) comparing perioperative care and surgical outcomes between adult (18+ years) patients
with and without limited English proficiency. Studies must have an identified control group that is English proficient
and findings based on primary or secondary data analysis. Studies were conducted in English speaking countries,
and published in an English-language, peer-reviewed journal.

Exclusion criteria included: studies with only qualitative data, case reports, perspective pieces, editorials,
information in books, letters, dissertations, lectures, conference abstracts, incomplete articles; studies that define
communication barriers as other than linguistic barriers (e.g., cognitive deficit, speech-language pathology, physical
handicap); studies that do not consider outcomes following a surgical or anesthetic intervention (e.g., primary care
services, preventative care); studies without a comparison group of English proficient patients; studies did not
specify limited English proficiency status as a primary/secondary predictor or a part of prediction sets a priori;
studies not conducted in English speaking countries; studies in pediatric populations (i.e. included participants <18
years of age); non-human research; and studies with outcomes in obstetrics or labor and delivery.

Study outcomes

We examined outcomes across the perioperative period (including the preoperative, intraoperative, and
postoperative phases of a surgical admission). Reported outcomes included access to surgical procedures, delays in
receiving surgical care, perioperative pain management, length of stay, discharge disposition, postoperative
complications, functional recovery, mortality, and hospital readmissions (Table 1, eTable 1). There were no included
studies that reported outcomes related to anesthetic or surgical technique. We sought outcome data pertaining to
each perioperative domain regardless of time points and analytic methods used.

Data Extraction

Search results were organized and duplicates removed using the reference manager, Zotero
(https://www.zotero.org). Reference files were then imported into a systematic review organization software,
Rayyan (http://rayyan.qcri.org). Initial title and abstract screening was completed by two researchers (S.M and
G.M.) independently. Eligibility disagreements were resolved by consensus. Manuscripts deemed potentially
eligible for inclusion then underwent full text screening by two independent reviewers (S.M. and H.J.). Any
disagreements over inclusion were resolved by consensus and in consultation with a third researcher (A.F.). All
reasons for exclusion during the full text screen were recorded based on the inclusion and exclusion document
(Supplementary Table 1).

Two independent investigators (S.M. and H.J.) extracted data from the selected studies. The investigators re-
reviewed each study when required to meet consensus on discordance. The following data were extracted from all
included studies using a standardized extraction form: publication information/year, study location, study
design/methodology, study population, setting, type of anesthetic/surgical intervention, how limited English
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proficiency was defined, whether studies further sub-categorized limited English proficiency, whether studies
included race and/or ethnicity, comparator group, covariates used to control for socioeconomic status, other
covariates, outcomes of interest, the magnitude and direction of associations between LEP and the outcome
measures including but not limited to odds ratio, hazard ratio, means ratio, incidence rate ratio, relative risk, and
absolute mean difference with 95% confidence intervals. If additional confirmation of data was necessary, we
searched for supplementary documents and reports from the same study. Data extraction results were processed and
documented in Microsoft Excel (https://office.microsoft.com/excel) tables. The studies were grouped by outcome
measures studied.

Risk of Bias Assessment

The Newcastle-Ottawa Scale (NOS) for cohort studies was selected for bias assessment because all included studies
in this review utilized a non-randomized observational design.® The NOS is a validated tool with established inter-
rater reliability that uses a rating system for study group selection, cohort comparability, and assessment of the
exposure or outcome of interest. The maximum rating is 9 stars, with higher-quality studies receiving more stars.
Two authors (S.M. and H.J.) independently assessed the risk of bias of each included study with differences resolved
by consensus.

Data Synthesis

Due to lack of homogeneity in analysis and outcomes among studies, we were unable to pool data to synthesize in a
quantitative analysis. Instead, studies were grouped, analyzed, and presented using a narrative approach. If
applicable, measures of association were converted so that they represent the relationship between LEP and outcome
domains with EP patients being the reference group. Assessment of certainty of evidence using the GRADE system
was not conducted due to inadequate quality and inability to quantitatively synthesize data by outcome category.*
Alternatively, we organized included studies by outcome of interest to facilitate data interpretation (Figure 2).

Limitations

This systematic review design has several limitations. Only peer-reviewed published original research is included,
so the findings reported could be subject to publication bias as any relevant unpublished studies would not be
included. Due to the heterogeneity of included studies with regards to study setting, surgical subspecialty, outcome
measurement, statistical methodology, and measure of association, we were unable to pool data to perform a meta-
analysis or otherwise directly compare findings to each other. For example, though multiple studies evaluated
length of stay (LOS), the definition of LOS varied across studies (sometimes defined from presurgical admission to
discharge, and other times only included post-procedure hospitalization time). the variable was processed differently
(one study dichotomized LOS by an arbitrary cutoff, others converted LOS to quartiles or logarithm, and others
treated LOS as a continuous variable), and measures of association used to describe effect size estimates were
widely variable (including means ratio, odds ratio, incidence rate ratio, and absolute difference in mean). We are,
none-the-less, able to report directionality of evidence. A wide variation in ascertainment of LEP exposure may have
influenced associations that were found in this systematic review. While some studies used only non-English
primary or preferred language to define LEP, other studies used additional measures to verify limited ability to
communicate in English in the healthcare setting. In line with this variability, a vast majority of included studies did
not provide information regarding how hospitals or health systems managed language barriers for LEP patients. It is
probable that the observational studies included in this review were unable to control for all potential confounding
variables, such as unmeasured differences between the EP and LEP cohorts (i.e., patient-provider language
concordance). The way that outcomes of interest were measured in the studies allowed for variations in residual
confounding effects, which impeded our ability to assess differences for patients with LEP. Both inapplicability of
quantitative synthesis and possibility of residual confounding hinder assessment of certainty of evidence and
complicate interpretation of the body of evidence. Where numerous outcomes and comparisons were evaluated,
there is a risk that some findings might be statistically significant by chance. This is a particular concern with studies
that constructed multivariable prediction models®>” or conducted preliminary multiple comparisons prior to
establishing final risk score models.®2 Moreover, the quality of evidence ratings provided by NOS are largely
subjective and some might disagree with our assessments. Lastly, qualitative studies describing subjective
experience of LEP patients were not included a priori although some studies suggest there may be a link between
language barrier and shared decision making.
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eAppendix 2. Detailed Search Strategy

Key search term categories:

language barriers (eg, “language barriers,” “language proficiency,” “communication barriers,” “English
proficiency,” “non-English,” “limited English proficiency,” “linguistic disparity”);

Perioperative or surgical care (eg, “preoperative,” “intraoperative,” “postoperative,
“perioperative,” “anesthesia,” “anesthesiologist,” “surgeon,” “Surgical Procedure*,” “operation,
“postanesthesia care unit,” “PACU”)

Perioperative outcomes (eg, “Access,” “Disparity,” “Intraoperative Complications,” “Postoperative
Complications,” “complications,” “morbidity,” “morbidities,” “Pain,” “Nausea,” “Symptom management,”
“Reoperation,” “Survival Rate,” “Mortality,” “Length of Stay,” “Readmission,” “Treatment Outcome,” "Outcome

Assessment,” “Outcomes Research,” “Outcome Study,” “Outcome Measures”)

99 <

EEN?3 EEIT3

postoperative care,”
” “operating room,”

99 < 99 <

EENT3 29 ¢

Final search completed December 7, 2022

PubMed

(“language barriers” OR “language proficiency” OR “communication barriers” OR "communication barriers"[mesh]
OR “English proficiency” OR “limited English proficiency” OR “non-English” OR “linguistic disparity”’) AND
(preoperative OR intraoperative OR postoperative OR "postoperative care"[mesh] OR perioperative OR anesthesia
OR anesthesiologist OR surgeon OR “Surgical Procedure” OR surgery OR operation OR “operating room” OR
“postanesthesia care unit” OR PACU) AND (morbidity OR morbidity[mesh] OR "length of stay” OR "length of
stay"[mesh] OR disparity OR “Intraoperative Complications” OR “Postoperative Complications” OR complications
OR Pain OR Nausea OR “Symptom management” OR Reoperation OR “Survival Rate” OR Mortality OR
Readmission OR “Treatment Outcome” OR “Outcome Assessment” OR “Outcomes Research” OR “Outcome
Study” OR “Outcome Measures™)

Filters applied: Humans, English

Web of Science

(“language barriers” OR “language proficiency” OR “communication barriers” OR “English proficiency” OR
“limited English proficiency” OR “non-English” OR “linguistic disparity’’) AND (preoperative OR intraoperative
OR postoperative OR “postoperative care” OR perioperative OR anesthesia OR anesthesiologist OR surgeon OR
“Surgical Procedure” OR surgery OR operation OR “operating room” OR “postanesthesia care unit” OR PACU)
AND (morbidity OR “length of stay” OR disparity OR “Intraoperative Complications” OR “Postoperative
Complications” OR complications OR Pain OR Nausea OR “Symptom management” OR Reoperation OR “Survival
Rate” OR Mortality OR Readmission OR “Treatment Outcome” OR “Outcome Assessment” OR “Outcomes
Research” OR “Outcome Study” OR “Outcome Measures™)

Filters applied

CINAHL

(“language barriers” OR “language proficiency” OR “communication barriers” OR “English proficiency” OR
“limited English proficiency”” OR “non-English” OR “linguistic disparity”’) AND (preoperative OR intraoperative
OR postoperative OR “postoperative care” OR perioperative OR anesthesia OR anesthesiologist OR surgeon OR
“Surgical Procedure” OR surgery OR operation OR “operating room” OR “postanesthesia care unit” OR PACU)
AND (morbidity OR “length of stay” OR disparity OR “Intraoperative Complications” OR “Postoperative
Complications” OR complications OR Pain OR Nausea OR “Symptom management” OR Reoperation OR “Survival
Rate” OR Mortality OR Readmission OR “Treatment Outcome” OR “Outcome Assessment” OR “Outcomes
Research” OR “Outcome Study” OR “Outcome Measures™)

Filters applied: English language

Sociological Abstracts

(“language barriers” OR “language proficiency” OR “communication barriers” OR “English proficiency” OR
“limited English proficiency”” OR “non-English” OR “linguistic disparity”’) AND (preoperative OR intraoperative
OR postoperative OR “postoperative care” OR perioperative OR anesthesia OR anesthesiologist OR surgeon OR
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“Surgical Procedure” OR surgery OR operation OR “operating room” OR “postanesthesia care unit” OR PACU)
AND (morbidity OR “length of stay” OR disparity OR “Intraoperative Complications” OR “Postoperative
Complications” OR complications OR Pain OR Nausea OR “Symptom management” OR Reoperation OR “Survival
Rate” OR Mortality OR Readmission OR “Treatment Outcome” OR “Outcome Assessment” OR “Outcomes
Research” OR “Outcome Study” OR “Outcome Measures”)

Filters applied: Peer-reviewed, English language
EMBASE

('language barriers' OR 'language proficiency'/exp/mj OR ‘communication barriers'/exp/mj OR 'english
proficiency'/exp/mj OR 'limited english proficiency'/exp/mj OR 'non-english' OR 'linguistic disparity’) AND
(‘preoperative’ OR 'intraoperative’ OR 'postoperative’ OR 'postoperative care'/exp/mj OR 'perioperative' OR
‘anesthesia‘/exp/mj OR 'anesthesiologist'/exp/mj OR 'surgeon‘/exp/mj OR 'surgical procedure'/exp/mj OR
'surgery'/exp/mj OR 'operation’/exp/mj OR 'operating room‘/exp/mj OR 'postanesthesia care unit'/exp/mj OR 'pacu’)
AND (‘'morbidity'’/exp/mj OR 'length of stay'/exp/mj OR ‘disparity'/exp/mj OR 'intraoperative complications'/exp/mj
OR 'postoperative complications/exp/mj OR ‘complications'/exp/mj OR 'pain‘’/exp/mj OR 'nausea’/exp/mj OR
'symptom management/exp/mj OR 'reoperation‘/exp/mj OR 'survival rate'/exp/mj OR 'mortality'/exp/mj OR
‘readmission’/exp/mj OR 'treatment outcome'/exp/mj OR ‘outcome assessment'’/exp/mj OR ‘outcomes
research'/exp/mj OR ‘outcome study' OR ‘outcome measures’) AND [English]/lim

Filters applied: Humans, English language
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Supplementary Tables

eTable 1. Study Outcomes, Methods, and Results by Category

Source Definition of Statistical Adjusted Measure of Magnitude and Direction Significant
Outcome Methodology Covariates Association of Associations Between  Directionality
LEP (vs. EP) and
Outcome Measures

Access to Surgical Care

Receipt of Surgery
Sridhar et al,® Receipt of curative  Pearson's chi- None Independence No association between
2019 pancreatic cancer square test between LEP LEP and receipt of surgery
surgery status and receipt (p-value = 0.79)
of surgery
Asokan et Receipt of Pearson's chi- None Independence LEP and receipt of surgery
al,1° 2020 esophagectomy in square test between LEP were independent (p-value
patients with status and receipt = 0.103)
operable stage of surgery
Betjemann et  Underwent anterior  Multivariable Age, race/ethnicity, Adjusted OR for Reduced surgery utilization |
al,** 2020 temporal lobectomy logistic ictal EEG use in surgery in LEP, aOR 0.38 (0.15-
after screening regression (LEP/EP) 0.93)
confirmed model
refractory epilepsy
and mesial

temporal sclerosis

Availability of High-quality Surgical Care
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Varady et
al,’2 2020

Witt et al,13
2021

Use of electronic
patient portal (EPP)
by the time of
orthopedic surgical
procedure, defined
as having
completed 1>
online sessions

Total number of
supratentorial
tumor resections
per year (higher vs.
lower volume)

Elective vs. Emergency surgery

Witt et al,13
2021

Maurer et
al,14 2021

Routine admission
VS. emergent or
urgent admission
for neuro-oncologic
surgery

Elective vs.
emergent or urgent
admission for
colectomy

Multivariable
logistic
regression
model

Multivariable

ordinal logistic

regression

Multivariable
logistic
regression
model

Multivariable
logistic
regression
model

Age, sex, race,
medications,
education level,
insurance type,
income, distance to
hospital, provider
subspecialty,
primary care
physician

Age, sex,
diagnosis,
insurance status,
household income,
year of discharge,
residence,
Chalrson
comorbidity score

Age, sex,
diagnosis,
insurance status,
household income,
year of discharge,
residence,
Chalrson
comorbidity score
Age, sex,
insurance status,
income, data year,
Charlson
comorbidity index

Adjusted OR for
EPP utilization
(LEP/EP)

Adjusted OR for
higher hospital
volume
(Spanish/EP OR
NENS/EP)

Adjusted OR for
emergent/urgent
admission
(Spanish/EP OR
NENS/EP

Adjusted OR for
limited access
(LEP/EP)

Reduced use among LEP:
aOR, 0.42 (0.36-0.50)

LEP (Spanish) vs. EP, aOR
0.84 (0.67-1.05); LEP
(NENS) vs. EP, aOR 1.07
(0.85-1.35)

LEP (Spanish) vs. EP, aOR
1.02 (0.78-1.33); LEP
(NENS) vs. EP, aOR 0.48
(0.34-0.67)

LEP associated decreased
odds of elective surgery:
aOR 0.74 (0.62-0.88)
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Delay in Surgical Care

Nashed et Time from

al,’® 2012 diagnosis to
craniotomy

Thompson et Time from

al,’6 2014 presurgical
evaluation to
anterior temporal
lobectomy

Jaiswal et Time from breast

al,’7 2018 cancer diagnosis to

initial treatment
(delayd treatment
>37 days; timely
treatment <37
days)

Time from date of
referral to first
appointment with a
MIGS provider
(delayed interval >
30 days; timely
interval < 30 days)

Silverstein et
al,8 2022

Log rank test
of equality

Log rank test
of equality

Simple logistic
regression
model

Multivariable
logistic
regression
model

None

None

None

Referral indication
(chronic pelvic pain
vs. diagnosis that
require operative
intervention)

Difference in
time-to-event
between LEP &
EP

Difference in
time-to event
between

LEP & EP

Unadjusted OR
for delayed
treatment
(LEP/EP)

Adjusted OR for
delayed interval
(LEP/EP)

No difference in time to
surgery (p-value=0.26)

LEP associated with longer 1
time to surgery than EP (p-
value=0.0085)

LEP associated with longer 1
time to treatment: OR, 5.0

(95% CI N/S; p-

value=0.0045)

Delay in surgical care for 1
LEP patients: pandemic

cohort, aOR 3.20 (1.60-

6.40); historic cohort, aOR

1.16 (0.55-2.41)

Length of Stay
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John-Baptiste LOS during surgical

et al,18 2004

MacDonald
et al,®> 2010

Tang et al,*®
2016

admission

LOS (long LOS,
7>days; short LOS,
6<days) after hip
and knee
arthroplasty

LOS defined as
time from CSICU
admission to
hospital discharge
after CABG. LOS
was categorized
into quartiles (1-5
days, 6 days, 7-8
days, and >9 days)

Multivariable
log-linear
regression
model

Multivariable
logistic
regression
model

Multivariate
polynomial
regression
model

Age, gender,
discharge
disposition, fiscal
year, Charlson
comorbidity score,
number of
comorbidities,
marital status,
income

Age, comorbidities,
required home
support, living
alone

Age, marital status,
postoperative
infection

Adjusted means
ratio of LOS
(LEP/EP)

Adjusted OR for
long LOS
(LEP/EP)

Adjusted OR for
each quartile
of LOS (LEP/EP)

Increased or no difference
in LOS: CABG, aMR 1.07
(1.03-1.12); Prostectomy,
aMR 1.02 (0.93-1.11);
Craniotomy, aMR 1.15
(1.02-1.31);
Hysterectomy, aMR 0.97
(0.92-1.02); Intestinal &
rectal, aMR 1.10 (1.02-
1.19); Elective hip
replacement, aMR 1.13
(1.03-1.23); Hip fracture,
aMR 0.98 (0.88-1.09);
Head & neck, aMR 0.93
(0.73-1.19); Elective AAA
repair, aMR 1.00 (0.84-
1.20); AAA rupture, aMR
1.46 (0.48-4.45)

LEP patients had prolonged
LOS: aOR 4.15 (95% ClI
N/S; p-value <0.05)

No difference in LOS: 6
days vs 1-5 days aOR 1.52
(0.77-2.98); 7-8 days vs. 1-
5 days aOR 1.55 (0.81-
2.97); >9 days vs 1-5 days
aOR 1.85 (0.94-3.67)
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Inagaki et
al,20 2017

Hyun et al,?!
2017

Postoperative LOS
after infrainguinal
bypass surgery

LOS in days after
admission with
suspected ACS
event

Multivariable
gamma
regression
model

Multiple linear
regression
model

Age, gender, race,
ethnicity, insurance
status, tobacco
use, CAD, CHF,
COPD,
cerebrovascular
accident, renal
failure, DM,
urgency of care,
outflow artery, graft
type

Gender, GRACE
risk score, previous
diagnosis and
procedures,
presenting
diagnosis,
medications, PCI,
CABG

Adjusted means

ratio of LOS
(LEP/EP)

Difference in
mean LOS
between LEP &
EP

No difference in LOS: aMR
1.02 (0.85-1.23)

No difference in LOS
between LEP and EP:
Effect size N/S (p-value
=0.30)
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Feeney et
al,?2 2019

Feeney et
al,23 2019

LOS in days after
oncologic surgery

LOS during
hospitalization for
emergency surgery

Generalized
linear mixed
model with
negative
binomial
distribution

Generalized
linear mixed
model with
negative
binomial
distribution

Age, gender, race,
insurance type,
income, DM,
obesity, psychiatric
illness, alcohol
abuse, HTN,
cancer with
metastasis, chronic
lung disease,
peripheral vascular
disease, renal
failure, number of
comorbidities/proce
dures, risk class,
country of
residence, cancer,
weekend
admission, hospital
Age, sex, race,
insurance type,
income,
comorbidities,
number of hospital
procedures, risk
class, country of
residence, cancer,
weekend
admission,
admission hour

Adjusted IRR for
LOS (Spanish/EP
OR NENS/EP)

Adjusted IRR for
LOS (Spanish/EP
OR NENS/EP)

No difference in LOS: LEP
(Spanish) vs. EP, alRR
1.02 (0.98-1.06); LEP
(NENS) vs. EP, alRR 1.03
(0.99-1.07)

Spanish speakers had
reduced LOS after
appendectomy: LEP
(Spanish) vs. EP, alRR
0.92 (0.89-0.95), LEP
(NENS) vs. EP, alRR 0.96
(0.92-1.00);
cholecystectomy, LEP
(Spanish) vs. EP, alRR
1.02 (0.99-1.04), LEP
(NENS) vs. EP, alRR 1.03
(0.99-1.07); Spanish
speakers had reduced LOS
after adhesiolysis: LEP
(Spanish) vs. EP, alRR
0.93 (0.88-0.97), LEP
(NENS) vs. EP, alRR 0.94
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Feeney et
al,24 2020

Bernstein, et
al, 2> 2020

LOS in days

LOS in days after
primary total joint
arthroplasty

Multivariable
negative
binomial
regression
model

Multivariable
linear
regression
model

Adjusted IRR for
LOS (LEP/EP)

Age, gender,
race/ethnicity, risk
score, insurance
status, income,
BMI, emergency
surgery, Elixhauser
comorbidity score,
ASA class, and

weekend

admission

Age, ASA status Difference in
mean LOS
between LEP &
EP

(0.89-0.99); Spanish
speakers had longer LOS
after high-risk procedures:
LEP (Spanish) vs. EP,
alRR 1.14 (1.10-1.20), LEP
(NENS) vs. EP, alRR 1.04
(1.00-1.09)

No difference in LOS: alRR
0.99 (0.88-1.10)

Longer LOS for LEP-I or 1
LEP-N than EP (2.72 or

2.44 vs. 2.19 days; p-value

<0.0001 and p-

value=0.012, respectively)
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Witt et al,26
2021

Manuel et
al,2” 2022

Manuel et
al,28 2022

Total LOS after
neuro-oncologic
surgery

Postoperative LOS
after neuro-
oncologic surgery

Total LOS after
total knee and hip
arthroplasty

Total LOS after
craniotomy

Multivariable
negative
binomial
regression
model

Multivariable
negative
binomial
regression
model

Multivariable
negative
binomial
regression
model

Age, sex,
insurance status,
income, Charlson
Comorbidity Index,
year of discharge,
weekend
admission,
emergency
admission, hospital
volume, inpatient
complication, total
number of
procedures,
discharge
disposition

Age, sex,
race/ethnicity,
insurance type,
ASA status, BMI,
surgical case class,
case length,
estimated blood
loss, discharge
disposition

Age, sex,
race/ethnicity,
insurance type,
ASA status,
surgical case class,
discharge
disposition

Adjusted IRR for
LOS (Spanish/EP
OR NENS/EP)

Adjusted IRR for
postoperative
LOS (Spanish/EP
OR NENS/EP)

Adjusted IRR for
LOS (LEP/EP)

Adjusted IRR for
LOS (LEP/EP)

No difference in LOS: LEP
(Spanish) vs. EP, alRR
1.02 (0.96-1.09); LEP
(NENS) vs. EP, alRR 1.04
(0.98-1.11)

Longer postop LOS for
NENS: LEP (Spanish) vs.
EP, alRR 1.01 (0.92-1.10);
LEP (NENS) vs. EP, alRR
1.10 (1.03-1.18)

Increased LOS for LEP:
alRR 1.15 (1.07-1.25)

Increased LOS for LEP:
alRR 1.11 (1.00-1.24)
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Stolarski et
al,2® 2022

Kovoor, et
al,30 2022

LOS from index
operation
(laparoscopic
sleeve gastrectomy
or gastric bypass)

LOS dichotomized
at 75th percentile
(>5 days) for
general surgery
admission

Discharge Disposition

Bernstein, et
al, > 2020

Witt et al, 28
2021

Discharge
disposition after
primary total joint
arthroplasty

Discharge
disposition to
rehabilitation (vs.
home) after neuro-
oncologic surgery

Multivariable
negative
binomial
regression
model

Multivariable
logistic
regression
model

Multivariable
linear
regression
model

Multivariable
logistic
regression
model

Age, sex, race,
insurance status,
ASA class,
smoking status,
year of operation,
procedure type
Age, gender,
marital status, pain
scores, in-hospital
mortality, birth
country, religion,
SES, Charlson
Comorbidity Index,
time of admission

Age, ASA status

Age, sex,
insurance status,
income, Charlson
Comorbidity Index,
year of discharge,
weekend
admission,
emergency

Adjusted IRR for
LOS (LEP/EP)

Adjusted OR for
LOS >5 days
(LEP/EP)

Difference in
discharge
disposition
between LEP &
EP

Adjusted OR for
rehabilitation
discharge
(LEP/EP)

No difference in LOS: alRR
0.94 (0.84-1.04)

No difference in LOS: aOR,
1.08 (0.94-1.25)

Increased disposition to
skilled nursing for LEP-I
than EP (25.3% vs 9.3%; p-
value <0.0001); no
difference in disposition to
skilled nursing between
LEP-N and EP (14.0% vs.
9.3%; p-value=0.144)
Decreased or no difference
in disposition to skilled
nursing for LEP than EP:
LEP (Spanish) vs. EP, aOR
0.65(0.45-0.93); LEP
(NENS) vs. EP, aOR 1.00
(0.80-1.25)
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admission, hospital
volume

10

Manuel et Discharge Multivariable Age, sex, Adjusted OR for Increased discharge to 1
al,?” 2022 disposition to logistic race/ethnicity, skilled facility skilled facility for LEP: aOR
skilled facility (vs. regression insurance type, discharge 1.41 (1.03-1.93)
home) after total model ASA status, BMI, (LEP/EP)
knee or hip surgical case class,
arthroplasty case length, and
estimated blood
loss
Manuel et Discharge Multivariable Age, sex, Adjusted OR for Increased discharge to 1
al,2® 2022 disposition to logistic race/ethnicity, skilled facility skilled facility for LEP: aOR
skilled facility (vs. regression insurance type, discharge 1.76 (1.13-2.72)
home) after model ASA status, and (LEP/EP)
craniotomy surgical case class
In-hospital Mortality
John-Baptiste In-hospital death Multivariable Age, Charlson Adjusted OR for Increased or no difference g
et al,’® 2004 during surgical logistic comorbidity score death (LEP/EP) in mortality: CABG, aOR
admission regression 1.43 (0.97-2.11);
model Craniotomy, aOR 1.98

(1.34-2.94); Intestinal &
rectal, aOR 0.60 (0.30-
1.19); Hip fracture, aOR
0.66 (0.33-1.30); AAA
rupture, aOR 7.34 (1.65-
32.67)
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Hyun et al,?*
2017

Feeney et
al,?2 2019

Feeney et
al,?® 2019

In-hospital death
during admission
for suspected ACS
event

In-hospital all-
cause mortality
after oncologic
surgery

In-hospital all-
cause mortality
after emergency
surgery

Multivariable
logistic
regression
model

Generalized
linear mixed
model with
Bernoulli
distribution

Generalized
linear mixed
model with
Bernoulli
distribution

Gender, GRACE
risk score, previous
cardiac diagnosis
and procedures,
presenting
diagnosis

Age, gender, race,
insurance type,
income, DM,
obesity, psychiatric
illness, alcohol
abuse, HTN,
cancer with
metastasis, chronic
lung disease,
peripheral vascular
disease, renal
failure, number of
comorbidities/proce
dures, LOS, risk
class, country of
residence, cancer,
hospital

Age, gender, race,
insurance type,
income, Elixhauser
comorbidity score,
number of
comorbidities/proce
dures, LOS, risk
class, country of
residence, cancer

Adjusted OR for
in-hospital death
(LEP/EP)

Adjusted OR for
in-hospital death
(Spanish/EP OR
NENS/EP)

Adjusted OR for
in-hospital death
(Spanish/EP OR
NENS/EP)

11

No difference in mortality:
aOR 1.77 (0.90-3.53)

No difference in mortality:
LEP (Spanish) vs. EP, aOR
0.67 (0.41-1.10); LEP
(NENS) vs. EP, aOR 1.16
(0.77-1.75)

No difference in mortality:
Appendectomy, LEP
(Spanish) vs. EP, aOR 0.61
(0.14-2.60), LEP (NENS)
vs. EP, aOR 0.84 (0.19-
3.60); cholecystectomy,
LEP (Spanish) vs. EP, aOR
0.41 (0.13-1.33), LEP
(NENS) vs. EP, aOR 0.51
(0.18-1.43); adhesiolysis,
LEP (Spanish) vs. EP, aOR
0.92 (0.43-2.00), LEP
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Witt et al, 26
2021

Kovoor, et
al,30 2022

Complications

In-hospital mortality
after neuro-
oncologic surgery

In-hospital mortality

Pearson's chi-
square test

Multivariable
logistic
regression
model

None

Age, gender,
marital status,
LOS, pain scores,
birth country,
religion, SES,
Charlson
Comorbidity Index,
time of admission

Difference in in-
hospital mortality
across LEP
statuses
Adjusted OR for
in-hospital
mortality
(LEP/EP)

(NENS) vs. EP, aOR 0.53
(0.23-1.22); high-risk
procedures, LEP (Spanish)
vs. EP, aOR 1.01 (0.68-

1.50), aOR LEP (NENS) vs.

EP, 0.89 (0.63-1.25)

No difference across LEP
statuses in in-hospital
mortality (p-value = 0.127)

No difference in mortality
(p-value = 0.17) and aOR
not reported

12
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Inagaki et
al,20 2017

Hyun et al,?*
2017

Feeney et
al,24 2020

30-day would
infections, 30-day
adverse graft event
after infrainguinal
bypass surgery

In-hospital MACE;
Delayed <18
months MACE after
admission for ACS
event

In-hospital major
complications after
cancer surgery
based on NSQIP
risk calculator
major morbidity
definition

Multivariable
logistic
regression
model

Multivariable
logistic
regression
model

Multivariable
logistic
regression
model

Age, gender, race,
ethnicity, insurance
status, tobacco
use, CAD, CHF,
COPD,
cerebrovascular
accident, renal
failure, DM,
urgency of care,
outflow artery, graft
type

Gender, GRACE
risk score, previous
cardiac diagnosis
and procedures,
presenting
diagnosis,
medications, PCI,
CABG, referral to
rehabilitation

Age, insurance
status, operative
risk score,
Elixhauser
comorbidity score

Adjusted OR for
30-day wound
infections
(LEP/EP)
Adjusted OR for
30-day adverse
graft event
(LEP/EP)

Adjusted OR for
in-hospital MACE
(LEP/EP)
Adjusted OR for
18-month MACE
(LEP/EP)

Adjusted OR for
major
complication
(LEP/EP)

13

No difference in 30-day
complications rate: wound
infections, aOR1.87 (0.90-
3.88); adverse graft event
aOR 1.23 (0.62-2.45)

No difference in
complications rate: in-
hospital MACE, aOR 1.19
(0.85-1.65); MACE <18
months aOR 1.01 (0.65-
1.57)

No difference in LOS: aOR
0.76 (0.39-1.45)
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Witt et al,26
2021

Stolarski et
al,2® 2022

Presence of
inpatient
complications
validated for
supratentorial
tumors

Presence of 30-day
complications after
laparoscopic sleeve
gastrectomy or
gastric bypass

Pain Management

Schwartz, et
al,3t 2021

Total oral morphine
equivalent (OME)
prescribed at
discharge after
admission to
trauma surgery
service

Total amount of
opioids prescribed
at discharge after
admission to
trauma surgery
service

Multivariable
logistic
regression
model

Multivariable
logistic
regression
model

Multivariable
logistic
regression
model

Multivariable
guantile
regression
model

Age, sex,
insurance status,
income, Charlson
Comorbidity Index,
year of discharge,
weekend
admission,
emergency
admission, hospital
volume

Age, sex, race,
insurance status,
ASA class,
smoking status,
year of operation,
and procedure type

Age, injury severity,
activation level,
injury type,
traumatic brain
injury, limb fracture,
and discharge
service

Adjusted OR for
inpatient
complication
(Spanish/EP OR
NENS/EP)

Adjusted OR for
30-day
complications
(LEP/EP)

Adjusted OR for
receiving
discharge opioids
(LEP/EP)

Difference in
mean total OME
between LEP &
EP

Increased complications in
NENS patients: LEP
(Spanish) vs. EP, 0.85
(0.63-1.15); LEP (NENS)
vs. EP, 1.36 (1.06-1.75)

No difference in
complications: aOR 0.59
(0.32-1.05)

LEP less likely to receive
discharge opioid
prescription: aOR 0.61
(0.44-0.85)

LEP patients received 25.8
(-3.2-54.9) fewer OME than
EP patients at 60th
percentile; LEP patients
received 45.0 (5.48-84.5)
fewer OME than EP
patients at 80th percentile

14
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Kovoor, et
al,30 2022

Long-term
Outcome

Dowsey, et
al,32 2009

Aggarwal et
al,” 2022

Having median
pain score >3
during inpatient
general surgical
admission

International Knee
Society (IKS) score
measure of function
12 months after
TKA

Patient-rated
improvement 6
months after THA

Oxford hip score
(OHS), measure of
function and pain 6
months after THA

Multivariable
logistic
regression
model

Multivariable
logistic
regression
model

Multivariable
logistic
regression
model

Multivariable
linear
regression
model

Age, gender,
marital status,
LOS, in-hospital
mortality, birth
country, religion,
SES, Charlson
Comorbidity Index,
time of admission

Age, gender,
birthplace,
comorbid
rheumatoid
arthritis, obesity
Age, sex,
education, BMI,
previous THA,
lower back pain,
lower limb arthritis,
depression/anxiety,
comorbidities, ASA
status, expected
pain, expected
function,
preoperative EQ-
VAS, preoperative
OHS, JSN (or KL
for OHS model),
radiographic scores

Adjusted OR for
having higher
pain (LEP/EP)

Adjusted OR for
IKS score >120
(LEP/EP)

Adjusted OR for
improvement
(LEP/EP)

Difference in
mean OHS
between LEP &
EP

LEP associated with lower
pain scores: aOR 0.61
(0.52-0.71)

LEP associated with higher
odds of having >120 IKS
scores at 12-month follow-
up: aOR 0.36 (0.16-0.8)

No difference in patient
rated improvement: aOR
0.83 (0.49-1.40)

LEP patients scored worse
on OHS: -1.95 (-3.18-0.72)

15
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Stolarski et
al,2® 2022

Readmission

Wilbur et al,®
2016

Inagaki et
al,20 2017

Excess weight loss
at postoperative 1
year after
laparoscopic sleeve
gastrectomy or
gastric bypass

Readmission within
30 days after
discharge from
gynecologic
oncology surgery
admission

Unplanned
readmission within
30-days of
discharge,
emergency
department (ED)
visit within 30 days
of discharge after
infrainguinal
bypass surgery

Multivariable
linear
regression
model

Mixed logistic
regression

Multivariable
logistic
regression
model

Age, sex, race,
insurance status,
ASA class,
smoking status,
year of operation,
procedure type,
BMI

Age, race, BMI,
insurance type,
length of index
admission LOS,
comorbidities,
ostomy, primary
diagnosis, primary
procedure, tobacco
use, alcohol use,
depression, social
work screen,
medications at
discharge, income
Age, gender, race,
ethnicity, insurance
status, tobacco
use, CAD, CHF,
COPD,
cerebrovascular
accident, renal
failure, DM,
urgency of care,
outflow artery, graft

type

Difference in
mean EWL
between LEP &
EP

Adjusted OR for
30-day
readmission
(LEP/EP)

Adjusted OR for
30-day
readmission
(LEP/EP)
Adjusted OR for
30-day ED return
visit (LEP/EP)

16

No difference in in EWL
(regression coefficient,
95% CI, and p-value N/S)

LEP associated with 1
readmission: aOR 3.36
(1.01-11.15)

No difference in
readmission, aOR 1.51
(0.77-2.95);

ED return visit, aOR 1.28
(0.58-2.83)
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Feeney et
al,?2 2019

Feeney et
al,23 2019

7-day readmission
after discharge
from oncologic
surgery

7-day readmission
after discharge
from emergency
surgery admission

Generalized
linear mixed
model with
Bernoulli
distribution

Generalized
linear mixed
model with
Bernoulli
distribution

Age, gender, race,
insurance type,
income, DM,
obesity, psychiatric
illness, alcohol
abuse, HTN,
cancer with
metastasis, chronic
lung disease,
peripheral vascular
disease, renal
failure, number of
comorbidities/proce
dures, risk class,
country of
residence, cancer,
weekend
admission,
admission hour,
and hospital

Age, gender, race,
insurance status,
income, Elixhauser
comorbidity score,
number of
comorbidities/proce
dures, risk class,
country of
residence, cancer,
weekend
admission,
admission hour

Adjusted OR for
7-day
readmission
(Spanish/EP OR
NENS/EP)

Adjusted OR for
7-day
readmission
(Spanish/EP OR
NENS/EP)

17

No difference in
readmission: LEP
(Spanish) vs. EP, aOR
1.29 (0.93-1.80); LEP
(NENS) vs. EP, aOR 0.80
(0.54-1.18)

No difference in
readmission:
Appendectomy, LEP
(Spanish) vs. EP, aOR
0.65 (0.41-1.04), LEP
(NENS) vs. EP, aOR 1.13
(0.63-2.03);
cholecystectomy, LEP
(Spanish) vs. EP, aOR
1.02 (0.74-1.42), LEP
(NENS) vs. EP, aOR 0.85
(0.50-1.45); adhesiolysis,
LEP (Spanish) vs. EP,
aOR 0.73 (0.39-1.36), LEP
(NENS) vs. EP, aOR 0.77
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Feeney et
al,24 2020

Wong et al,33
2021

30-day revisit to
emergency
department after
discharge from
cancer surgery

Postoperative
emergency
department visit
within 30 days of
discharge

Multivariable
logistic
regression
model

Multinomial
logistic
regression

Age, gender,
race/ethnicity,
insurance status,

risk score, income,

BMI, emergency
classification,
Elixhauser
comorbidity score,
ASA class, LOS
Age, race, gender,
BMI, diagnosis,
stoma, surgical
approach, ASA

status, frailty index,
postoperative LOS,

unexpected return
to OR, discharge
disposition,
antibiotics on
discharge,
insurance type

Adjusted OR for
30-day revisit
(LEP/EP)

Adjusted RR for
30-day
emergency visit
(LEP/EP)

18

(0.32-1.86); high-risk
procedures, LEP
(Spanish) vs. EP, aOR
1.45 (0.89-2.35), LEP
(NENS) vs. EP, aOR 1.56
(0.94-2.59)

No difference in 30-day
revisits: aOR 1.08 (0.75-
1.53)

LEP associated with 1
increase in ED visits: aRR

2.7 (1.3-5.3); preventable

visit, aRR 3.6 (1.7-7.9)
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Manuel et
al,2” 2022

Manuel et
al,28 2022

Stolarski et
al,2® 2022

30-day readmission
after total knee and
hip arthroplasty

30-day readmission
after craniotomy

30-day
readmission, 1-year
readmission, 1-year
emergency
department visits
after laparoscopic
sleeve gastrectomy
or gastric bypass

Long-term Mortality or Survival

Nashed et
al,’s 2012

Overall survival
from time of initial
diagnostic surgery
to date of death

Multivariable
logistic
regression
model

Multivariable
logistic
regression
model

Multivariable
logistic
regression
model

Log rank test
of equality

Age, sex,
race/ethnicity,
insurance type,
ASA status, BMI,
surgical case class,
case length, and
estimated blood
loss

Age, sex,
race/ethnicity,
insurance type,
ASA status, and
surgical case class
Age, sex, race,
insurance status,
ASA class,
smoking status,
year of operation,
and procedure type

None

Adjusted OR for
30-day
readmission
(LEP/EP)

Adjusted OR for
30-day
readmission
(LEP/EP)

Adjusted OR for
30 day-
readmission, 1-
year readmission,
and 1-year ED
revisits, (LEP/EP)

Difference in
time-to-event
between LEP &
EP

19

No difference in
readmission rates: aOR
0.80 (0.49-1.28)

No difference in
readmission rates: aOR
0.84 (0.45-1.56)

No difference in 30-day 4
readmission, aOR 1.01

(0.58-1.71); No difference

in 1-year readmission,

aOR 0.94 (0.56-1.55);

Fewer 1-year ED revisits

in LEP, aOR 0.65 (0.43-

0.95)

No difference in overall
survival (p-value = 0.40)
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Hyun et al,?*
2017

Sridhar et al,®
2019

Feeney et
al,24 2020

Asokan et
al,10 2020

Death from
admission to 18-
month follow-up
after admission for
ACS event

Overall survival
after curative
pancreatic cancer
surgery

Time to all-cause
mortality from
surgical oncology
procedure

Overall survival
defined as time
from esophageal
cancer diagnosis to
death censored to
last follow-up (in
operable patients)

Multivariable
logistic
regression
model

Log rank test
of equality

Multivariable
Cox
proportional
hazard
regression
model

Log rank test
of equality

Gender, GRACE
risk score, previous
cardiac diagnosis
and procedures,
presenting
diagnosis,
medications, PClI,
CABG, referral to
rehabilitation

None

Age, race/ethnicity,
insurance status,
risk score,
emergency
classification, and
Elixhauser
comorbidity score

None

Adjusted OR for
long-term
mortality
(LEP/EP)

Difference in
time-to-event
between LEP &
EP

Adjusted HR for
all-cause
mortality
(LEP/EP)

Difference in
time-to-event
between LEP &
EP

20

No difference in mortality:
aOR 1.08 (0.75-1.58)

No difference between N
LEP and EP in median
overall survival from Stage
I-Il cancer, (p-
value=0.778); Stage llI-IV
cancer, longer median
overall survival for LEP
than EP (8 vs. 5 months;
p-value=0.039)

No difference in mortality:
aHR 0.87 (0.52-1.45)

No difference between
LEP and EP in overall
survival (p-value=0.718)

Abbreviations: AAA, Abdominal aortic aneurysm; ACS, Acute coronary syndrome; aHR, Adjusted hazard ratio; alRR, Adjusted incidence rate ratio; aMR, Adjusted means ratio; aOR,
Adjusted odds ratio; aRR, Adjusted relative risk; ASA, American Society of Anesthesiologists; BMI, Body mass index; CSICU, Cardiovascular surgical intensive care unit; COPD,
Chronic obstructive pulmonary disease; Cl, Confidence interval; CHF, Congestive heart failure; CABG, Coronary artery bypass surgery; CAD, Coronary artery disease; DM, Diabetes
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mellitus; EEG, Electroencephalogram; EPP, Electronic patient portal; ED, Emergency department; EP, English Proficiency; EQ-VAS, EuroQol Group visual analogue scale; EWL,
Excess weight loss; GRACE, Global Registry of Acute Coronary Syndrome; HR, Hazard ratio; HTN, Hypertension; IRR, Incidence rate ratio; IKS, International Knee Society; JSN,
Joint space narrowing; KL, Kellgren Lawrence classification; LOS, Length of stay; LEP, Limited English proficiency; LEP-I, Limited English proficiency with interpreter required; LEP-N,
Limited English proficiency with no interpreter required; MACE, Major adverse cardiovascular events; MIGS, Minimally invasive gynecologic surgery; N/S, non-specified; NSQIP,
National Surgical Quality Improvement Program; NENS, Non-English/non-Spanish; OR, Odds ratio; OME, Oral morphine equivalent; OHS, Oxford hip score; PCI, Percutaneous
coronary intervention; RR, Relative risk; SES, Socioeconomic status; THA, Total hip arthroplasty; TKA, Total knee arthroplasty.
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eTable 2. Decision for Inclusion and Exclusion

Source

Included or
Excluded

Reason for
Exclusion

22

Note

Results of full-text study review

Danilowicz et al,34 1971
Dzioba et al,35> 1984

Doxey et al,36 1988
Naylor et al,®” 1993

John-Baptiste et al,3® 2004
Ernest et al,3° 2007

Bandyopadhyay et al,*°
2007

Clapp et al, 41 2007
Hawley et al,*?2 2008

Maly et al,*3 2009

Dowsey et al,*4 2009
Halpern et al, 4> 2009
Nielsen et al,*6 2010

MacDonald et al,> 2010

Excluded
Excluded

Excluded
Excluded

Included
Excluded
Excluded

Excluded
Excluded

Excluded

Included
Excluded
Excluded

Included

Wrong population
Wrong predictors

Wrong predictors
Wrong predictors

Wrong outcomes
Wrong predictors

Wrong study design

Wrong predictors
Wrong outcomes

Wrong predictors

Conference abstract
Wrong predictors

The study included pediatric patients.

LEP was not a prespecified primary/secondary predictor or a
part of a prediction set.

LEP was defined as 4-level score

LEP was not a prespecified primary/secondary predictor or a
part of a prediction set.

Primary outcome was cognitive function before surgery.

English speaking or non-speaking cultural background was one
of the predictors described in the study but not LEP.

Qualitative and descriptive study.

Race and ethnicity were primary predictors of the study. EP
was used to only subcategorize Hispanic population into EP
Hispanic and LEP Hispanic group. The study looked at decision
making processes

LEP was not a prespecified primary/secondary predictor or a
part of a prediction set.

LEP was not a prespecified primary/secondary predictor or a
part of a prediction set. Primary predictors were nativity and
race/ethnicity.
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Source Included or Reason for Note
Excluded Exclusion
Clark et al,*” 2011 Excluded Wrong predictors LEP was not a prespecified primary/secondary predictor or a
Wrong outcomes part of a prediction set. Primary predictor was differential
consent tool. Primary outcome was questionnaire on
understanding of surgery reflecting efficacy of consent.

Campesino et al,*8 2012 Excluded Wrong predictors LEP was not a prespecified primary/secondary predictor or a

Wrong outcomes part of a prediction set. The study looked at decision making
Wrong study design processes. Qualitative and descriptive study design with mixed
methods.

Nashed et al,®> 2012 Included

Alnaes et al,*® 2012 Excluded Wrong study design Quialitative case report.

Betjemann et al, 5° 2013 Included

Dowsey et al,5! 2014 Excluded Wrong predictors LEP was not a prespecified primary/secondary predictor or a
part of a prediction set. Primary predictor was SES, and LEP
was just one of the adjusted covariates

Ankuda et al,52 2014 Excluded Wrong predictors LEP was not a prespecified primary/secondary predictor or a

Wrong outcomes part of a prediction set. The study looked at decision making
processes and advance directives.

Thompson et al,’¢ 2014 Included

Lopez et al,>® 2014 Excluded Wrong outcomes Primary outcome was satisfaction in decision making. Study

Wrong population subjects were recruited from cancer registry, not necessarily a
surgical setting.

Alley et al,>* 2016 Excluded Wrong predictors LEP was not a prespecified primary/secondary predictor or a
part of a prediction set. Primary predictor was Chinese
ethnicity.

Tang et al,*® 2016 Included

Patel et al,%> 2016 Excluded Wrong predictors Primary predictor was surgeon's LEP status.
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Source Included or Reason for Note
Excluded Exclusion

Wilbur et al,? 2016 Included

Inagaki et al,>® 2016 Excluded Conference abstract

Spence et al,%” 2017 Excluded Conference abstract

Talamantes et al,58 2017 Excluded Wrong predictors LEP was not a prespecified primary/secondary predictor or a
part of a prediction set. Primary predictor was zip code with
differential proportion of linguistic isolation household.

Inagaki et al, 20 2017 Included

Hyun et al,?! 2017 Included

Jaiswal et al,>° 2018 Included

Yoo et al,®° 2018 Excluded Wrong outcomes Primary outcome was irrigation compliance after surgery

Talutis et al,’1 2018 Excluded Conference abstract

Shiraev et al,%? 2018 Excluded Wrong outcomes Primary outcome was follow-up compliance after surgery

Feeney et al,2 2019 Included

Patel et al,®® 2019 Excluded Wrong predictors LEP was not a prespecified primary/secondary predictor or a
part of a prediction set. Primary predictor was hospital type.

Sridhar et al,® 2019 Included

Feeney et al,%4 2019 Included

Rosenbloom et al,® 2019 Excluded Wrong predictors Primary predictor was health care provider's LEP status.

Schultz et al,¢ 2020 Excluded Conference abstract

Feeney et al,?* 2020 Included

Cataneo et al,6” 2020 Excluded Conference abstract

Asokan et al,1° 2020 Included

Bernstein et al,?®> 2020 Included

Varady et al,’2 2020 Included

Hong et al,®® 2021 Excluded Conference abstract

Burgoon et al,%° 2021 Excluded Wrong study design Qualitative and descriptive study.

Wong et al,33 2021 Included

Witt et al,’® 2021 Included
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25

Source Included or Reason for Note
Excluded Exclusion

Greenberg et al,”* 2021 Excluded Wrong predictors LEP was not a prespecified primary/secondary predictor or a
part of a prediction set. Primary predictor was hospital type.

Schwartz et al,3! 2021 Included

Witt et al, 2 2021 Included

Maurer et al,** 2021 Included

Shehan et al,”? 2022 Excluded Wrong outcomes Primary outcomes were treatment adherence and decision
making.

Tang et al,”® 2022 Excluded Wrong outcomes Primary outcome was time to adjuvant chemotherapy. No
estimates, 95% Cls, and p-values were reported pertaining to
association between LEP and time to surgery.

de Crescenzo et al,”* 2022 Excluded Wrong predictors LEP was not a prespecified primary/secondary predictor or a

Wrong population part of a prediction set. Primary predictor was frequency of
interpreting service use. Study population consisted of only
those who required interpreting service.

Norris et al,”® 2022 Excluded Wrong predictors LEP was not a prespecified primary/secondary predictor or a

Wrong outcomes part of a prediction set. Primary outcome was frequency of
social needs.

Manuel et al,28 2022 Included

Aggarwal et al,” 2022 Included

Silverstein et al,® 2022 Included

Khan et al,”6 2022 Excluded Conference abstract

Manuel et al,?” 2022 Included

Stolarski et al,?® 2022 Included

Kovoor et al,3° 2022 Included

Dirix et al,”” 2022 Excluded Wrong predictors Primary predicter was language barrier in Belgium

Barnard et al,’® 2022 Excluded Wrong predictors LEP was not a prespecified primary/secondary predictor or a

part of a prediction set.
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Source Included or Reason for Note
Excluded Exclusion
Plocienniczak et al,”® 2022 Excluded Wrong population The study included pediatric patients.
Alwani et al,80 2022 Excluded Wrong outcomes Primary outcome was frequency and length of follow-up care.

Wrong population

Results of additional studies from relevant systematic reviews

Jimenez et al,! 2014 Excluded
Dai et al,®2 2021 Excluded
Essex et al,?3 2021 Excluded
Greene et al,8* 2019 Excluded
Jaramillo et al,85> 2016 Excluded
Lee et al,?6 2017 Excluded

Malevanchik et al,87 2021 Excluded

Plancarte et al,88 2021 Excluded
Qureshi et al,8 2014 Excluded

Wrong population
Wrong population
Wrong population
Wrong outcome

Wrong population
Wrong predictors

Wrong population

Wrong population
Wrong population

Study population was not necessarily from a postoperative
setting.

The study included pediatric patients.
The study included pediatric patients.
The setting was neither surgery nor anesthesiologic procedure

Primary outcome was access to initial appointment in
orthopedic care, not necessarily implying access to surgical
care

The study included pediatric patients.
Primary predictor was interpreter intervention among patients
with LEP.

The study population was patients discharged from hospital,
not necessarily surgical patients.

The study included pediatric patients.
The study population was patients treated with radiotherapy.

Abbreviations: Cl, Confidence interval; EP, English Proficiency; LEP, Limited English proficiency.
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eTable 3. Unadjusted Results

27

Source

Definition of Outcome

Statistical
Methodology

Measure of Association

Magnitude and Direction of
Associations Between LEP (vs.
EP) and Outcome Measures

Access to Surgery

Betjemann et
al,%0 2013

Sridhar et al,®
2019

Asokan et al,10
2020

Witt et al,’© 2021

Maurer et al,14
2021

Underwent anterior
temporal lobectomy after
screening confirmed
refractory epilepsy and
mesial temporal sclerosis

Receipt of curative
pancreatic cancer
surgery

Receipt of
esophagectomy in
patients with operable
stage

Routine admission vs.
Emergent/urgent
admission for neuro-
oncologic surgery

Elective vs.
emergent/urgent
admission for colectomy

Pearson's chi-
square test

Pearson's chi-
square test

Pearson's chi-
square test or
Fisher's exact test

Pearson's chi-
square test

Pearson's chi-
square test

Independence between LEP status
and opting into operation

Independence between LEP status
and receipt of surgery

Independence between LEP status
and receipt of surgery

Independence between LEP status
and rate of emergent/urgent
admission

Independence between LEP status
and rate of emergent/urgent
admission

LEP and receipt of surgery were
associated (p-value = 0.01)

LEP and receipt of surgery were
independent (p-value = 0.79)

LEP and receipt of surgery were
independent (p-value = 0.103)

LEP and rate of emergent or
urgent admission were associated
(p-value < 0.001): The rates were
75.4% for NENS, 61.0% for SPL,
and 58.9% for EPL

LEP and rate of emergency
admission were associated (60.3%
vs. 48.6%; p-value < 0.001)
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Source

Definition of Outcome

Statistical
Methodology

Measure of Association

Magnitude and Direction of
Associations Between LEP (vs.
EP) and Outcome Measures

Delay in Surgical Care

Nashed et al,15
2012
Thompson et
al,16 2014

Jaiswal et al,>®
2018

Silverstein et al,8
2022

Length of Stay

MacDonald et
al,®> 2010

Time from diagnosis to
craniotomy

Time from presurgical
evaluation to anterior
temporal lobectomy

Time from breast cancer
diagnosis to initial
treatment (delayed
treatment >37 days;
timely treatment <37
days)

Time from date of referral
to first appointment with
a MIGS provider
(delayed interval > 30
days; timely interval < 30
days)

LOS (long LOS, 7>days;
short LOS, 6<days) after
hip and knee arthroplasty

Log rank test of
equality
Log rank test of
equality

Univariate cox
proportional hazard
regression model
Bivariate logistic
regression model

Pearson's chi-
square test or
Fisher's exact test

Pearson's chi-
square test

Difference in time-to-event
between LEP & EP

Difference in time-to event between
LEP & EP

Unadjusted HR for surgery
(LEP/EP)

Unadjusted OR for delayed
treatment (LEP/EP)

Independence between LEP status
and timely interval for appointment

Independence between LEP status
and long LOS

No difference in time to surgery (p-
value = 0.26).

Patients with LEP had Longer time
to surgery than those with EP (p-
value = 0.0085)

Patients with LEP had longer times
to surgery than those with EP: HR

0.56 (95% CI 0.36-0.87)

LEP associated with longer time to
treatment: OR 5.0 (95% CI N/S; p-
value=0.0045)

LEP and timely interval were
associated in the pandemic cohort
(p-value < 0.01): The rates of
having timely interval were
45.7%% for LEP and 71.6% for
EP; LEP and timely interval were
independent in the historic cohort
(p-value = 0.84): The rates of
having timely interval were
38.7%% for LEP and 40.5% for
EP.

LEP and proportion of long LOS
were associated (p-value < 0.05).
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Source Definition of Outcome Statistical Measure of Association Magnitude and Direction of
Methodology Associations Between LEP (vs.
EP) and Outcome Measures
Tang et al,*® LOS defined as time Multivariate Unadjusted OR for each quartile Increased or no difference in LOS:
2016 from CSICU admission to  polynomial of LOS (LEP/EP) LOS 6 days vs LOS 1-5 days OR

Inagaki et al,2°
2017

Hyun et al,?!
2017

Feeney et al 5

2019

Feeney et al,?®
2019

Feeney et al,?
2020

Witt et al,’© 2021

Manuel et al,?”
2022

hospital discharge after
CABG. LOS was
categorized into quartiles
(1-5 days, 6 days, 7-8
days, and >9 days)
Postoperative LOS after
infrainguinal bypass
surgery

LOS in days after
admission with
suspected ACS event
LOS in days after
oncologic surgery

LOS during
hospitalization for
emergency surgery

LOS in days

Total LOS after neuro-
oncologic surgery

Postoperative LOS after
neuro-oncologic surgery

Total LOS after total
knee and hip arthroplasty

regression model

Unpaired t-test

Wilcoxon rank-sum
test

Generalized linear
model with negative
binomial distribution

Generalized linear
model with negative
binomial distribution

Kruskal Wallis rank-
sum test

Bivariate negative
binomial regression
model

Wilcoxon rank-sum
test

Difference in mean LOS between
LEP & EP

Difference in median LOS between
LEP & EP

Unadjusted IRR for LOS
(Spanish/EP OR NENS/EP)

Unadjusted IRR for LOS
(Spanish/EP OR NENS/EP)

Difference in median LOS between
LEP & EP

Unadjusted IRR for LOS
(Spanish/EP OR NENS/EP)

Unadjusted IRR for postoperative
LOS (Spanish/EP OR NENS/EP)

Difference in median LOS between
LEP & EP

1.78 (0.96-3.29); LOS 7-8 days vs.
LOS 1-5 days OR 1.59 (0.87-
2.91); LOS >9 days vs. 1-5 days
OR 2.17 (1.21-3.91).

No difference in LOS between LEP
and EP (11.2 days vs. 9.4 days; p-
value = 0.202).

Longer LOS for those with LEP
than EP (3.1 vs. 2.5 days; p-value
=0.001).

Increased LOS for NENS: LEP
(Spanish) vs. EP, IRR 1.04 (0.99-
1.10); LEP (NENS) vs. EP, IRR
1.06 (1.01-1.12).

Spanish speakers had reduced
LOS: LEP (Spanish) vs. EP, IRR
0.72 (0.71-0.74), LEP (NENS) vs.
EP, IRR 0.96 (0.93-0.98)

No difference in median LOS
between LEP and EP (1.5 vs. 1.5;
p-value = 0.68).

Increased LOS for NENS: LEP
(Spanish) vs. EP, IRR 1.05 (0.97-
1.13); LEP (NENS) vs. EP, IRR
1.29 (1.19-1.39)

Increased postop LOS for NENS:
LEP (Spanish) vs. EP, IRR 1.01
(0.93-1.09); LEP (NENS) vs. EP,
IRR 1.32 (1.23-1.44)

Longer median LOS in patient with
LEP than EP (p-value < 0.001)
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Source

Definition of Outcome

Statistical
Methodology

Measure of Association

Magnitude and Direction of
Associations Between LEP (vs.
EP) and Outcome Measures

Manuel et al,28
2022

Stolarski et al,2®
2022

Total LOS after
craniotomy

LOS from index
operation (laparoscopic
sleeve gastrectomy or
gastric bypass)

Discharge Disposition

Witt et al,’© 2021

Manuel et al,2”
2022

Manuel et al,28
2022

Discharge disposition to
rehabilitation (vs. home)
after neuro-oncologic
surgery

Discharge disposition to
skilled facility (vs. home)
after total knee or hip
arthroplasty

Discharge disposition to
skilled facility (vs. home)
after craniotomy

Bivariate negative
binomial regression
model

Wilcoxon rank-sum
test

Pearson's chi-
square test

Pearson's chi-
square test

Bivariate logistic
regression model

Unadjusted IRR for LOS (LEP/EP)

Difference in median LOS between
LEP & EP

Independence between LEP status
and discharge disposition to home

Independence between LEP status
and discharge disposition to skilled
facility

Unadjusted OR for skilled facility
discharge (LEP/EP)

Longer LOS for LEP: IRR 1.41
(1.26-1.58)

No difference in median LOS
between LEP and EP (2.26 days
vs. 2.12 days; p-value = 0.60).

LEP and proportion of discharge
disposition to home were
associated (p-value < 0.001): The
proportions were 72.4% for LEP
(Spanish), 57.6% for NENS, and
60.0% for EP.

LEP and discharge dispositions to
skilled facility were associated
(42.6% vs. 20.5%; p-value <
0.001)

Increased discharge to skilled
facility for LEP: OR 2.26 (1.60-
3.20)

In-hospital Mortality

Hyun et al,?*
2017

Feeney et al 5
2019

In-hospital death during
admission for suspected
ACS event

In-hospital all-cause
mortality after oncologic
surgery

Pearson's chi-
square test

Generalized linear
model with Bernoulli
distribution

Independence between LEP status
and in-hospital death

Unadjusted OR for in-hospital
death (Spanish/EP OR NENS/EP)

LEP and in-hospital mortality were
associated (4.4% vs. 1.7%; p-
value = 0.001).

No difference in mortality: LEP
(Spanish) vs. EP, OR 0.73 (0.49-
1.08); LEP (NENS) vs. EP, OR
1.30 (0.94-1.76).
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Source

Definition of Outcome

Statistical
Methodology

Measure of Association

Magnitude and Direction of
Associations Between LEP (vs.
EP) and Outcome Measures

Feeney et al,?®
2019

Witt et al,’© 2021

Complication

Inagaki et al,2°
2017

Hyun et al,?!
2017

Feeney et al,?
2020

In-hospital all-cause
mortality after emergency
surgery

In-hospital mortality after
neuro-oncologic surgery

30-day would infections,
30-day adverse graft
event after infrainguinal
bypass surgery

In-hospital MACE;
Delayed <18 months
MACE after admission
for ACS event

In-hospital major
complications after
cancer surgery based on
NSQIP risk calculator
major morbidity definition

Generalized linear
model with Bernoulli
distribution

Pearson's chi-
square test

Pearson's chi-
square test

Pearson's chi-
square test

Pearson's chi-
square test

Unadjusted OR for in-hospital
death (Spanish/EP OR NENS/EP)

Difference in in-hospital mortality
across LEP statuses

Independence between LEP status
and 30-day would infections

Independence between LEP status
and 30-day adverse graft events

Independence between LEP status
and in-hospital MACE

Independence between LEP status
and 18-month MACE

Independence between LEP status
and in-hospital major complications

Reduced or no difference in LOS:
LEP (Spanish) vs. EP, OR 0.33
(0.26-0.43), LEP (NENS) vs. EP,
OR 0.92 (0.74-1.13).

No difference across LEP statuses
in in-hospital mortality (p-value
=0.127)

LEP and wound infections are
independent (31.4% vs. 35.7%; p-
value = 0.415)

LEP and adverse graft events
were independent (31.4% vs.
29.0%; p-value = 0.744)

LEP and in-hospital MACE were
associated (24.2% vs. 14.9%; p-
value < 0.001)

LEP and 18-month MACE were
independent (22.5% vs. 20.7%; p-
value = 0.59)

LEP and major complications were
independent (2.3% vs. 3.3%; p-
value = 0.19).
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Source Definition of Outcome

Statistical
Methodology

Measure of Association

Magnitude and Direction of
Associations Between LEP (vs.
EP) and Outcome Measures

Witt et al,’® 2021  Presence of inpatient
complications validated

for supratentorial tumors

Stolarski et al,2®
2022

Presence of 30-day
complications after
laparoscopic sleeve
gastrectomy or gastric
bypass

Pain Management

Schwartz, et
al,3t 2021

Total oral morphine
equivalent (OME)
prescribed at discharge
after admission to trauma
surgery service

Total amount of opioids
prescribed at discharge
after admission to trauma
surgery service

Long-term Outcome

International Knee
Society (IKS) score
measure of function 12
months after TKA

Dowsey, et al,*
2009

Pearson's chi-
square test

Pearson's chi-
square test

Bivariate logistic
regression model

Bivariate quantile
regression model

Pearson's chi-
square test

Independence between LEP status
and inpatient complications

Independence between LEP status
and 30-day complications

Unadjusted OR for receiving
discharge opioids (LEP/EP)

Difference in mean total OME
between LEP & EP

Independence between LEP status
and having poor grade (<120) 12-
month IKS score

LEP and proportion of inpatient
complications were associated (p-
value < 0.001): The proportions
were 16.2% for LEP (Spanish),
28.8% for NENS, and 19.0% for
EP.

LEP and 30-day complications
were independent (2.0% vs. 1.0%;
p-value = 0.08)

LEP less likely to receive
discharge opioid prescription: OR
0.56 (0.42-0.75)

LEP patients received 75.0 (43.5-
106.6) fewer OME than EP
patients at 60th percentile; LEP
patients received 75.0 (33.8-116.2)
fewer OME than EP patients at
80th percentile

Right TKA, LEP and poor grade
IKS score were associated (58%
VS. 27%; p-value < 0.001).
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Source

Definition of Outcome

Statistical
Methodology

Measure of Association

Magnitude and Direction of
Associations Between LEP (vs.
EP) and Outcome Measures

Readmission

Inagaki et al,?®
2017

Feeney et al 5
2019

Feeney et al,?®
2019

Feeney et al,?
2020

Wong et al,33
2021

Manuel et al,?’
2022

Manuel et al,28
2022

Unplanned readmission
within 30-days of
discharge, emergency
department (ED) visit
within 30 days of
discharge after
infrainguinal bypass
surgery

7-day readmission after
discharge from oncologic
surgery

7-day readmission after
discharge from
emergency surgery
admission

30-day revisit to
emergency department
after discharge from
cancer surgery
Postoperative
emergency department
visit within 30 days of
discharge

30-day readmission after
total knee and hip
arthroplasty

30-day readmission after
craniotomy

Pearson's chi-
square test

Generalized linear
model with Bernoulli

distribution

Generalized linear
model with Bernoulli

distribution

Pearson's chi-
square test

Pearson's chi-
square test

Pearson's chi-
square test

Bivariate logistic

regression model

Independence between LEP status
and 30-day readmissions

Independence between LEP status
and 30-day ED visits

Unadjusted OR for 7-day
readmission (Spanish/EP OR
NENS/EP)

Unadjusted OR for 7-day
readmission (Spanish/EP OR
NENS/EP)

Independence between LEP status
and 30-day ED visits

Independence across LEP status,
preventable 30-day ED visits, and
nonpreventable 30-day ED visits

Independence between LEP status
and 30-day readmissions

Unadjusted OR for 30-day
readmission (LEP/EP)

LEP and 30-day readmissions
were independent (25.5% vs.
20.4%; p-value = 0.426).

LEP and 30-day ED visits were
independent (23.5% vs. 27.1%; p-
value = 0.600).

LEP associated with higher
readmission rates: LEP (Spanish)
vs. EP, 1.35 (1.04-1.75); LEP
(NENS) vs. EP, 1.50 (1.11-2.02).

LEP associated with lower
readmission rates: LEP (Spanish)
vs. EP, OR 0.70 (0.57-0.84), LEP
(NENS) vs. EP, OR 0.78 (0.60-
0.98).

LEP and 30-day ED visits were
independent (12.0% vs. 11.0%; p-
value = 0.50).

LEP and either preventable or
nonpreventable ED visits were
associated (p-value < 0.001).

LEP and 30-day readmissions
were independent (7.9% vs. 7.2%;
p-value = 0.59).

No difference in readmission rates:
OR 1.26 (0.73-2.17).
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Source

Definition of Outcome

Statistical
Methodology

Measure of Association

Magnitude and Direction of
Associations Between LEP (vs.
EP) and Outcome Measures

Stolarski et al,2®
2022

30-day readmission, 1-
year readmission, 1-year
emergency department
visits after laparoscopic
sleeve gastrectomy or
gastric bypass

Long-term Mortality or Survival

Nashed et al,1®
2012

Hyun et al,?*
2017

Sridhar et al,®
2019

Feeney et al,?*
2020

Overall survival from time
of initial diagnostic
surgery to date of death
Death from admission to
18-month follow-up after
admission for ACS event

Overall survival after
curative pancreatic
cancer surgery

Time to all-cause
mortality from surgical
oncology procedure

Pearson's chi-
square test

Log rank test of
equality

Pearson's chi-

square test

Log rank test of
equality

Log rank test of
equality

Independence between LEP status
and 30-day readmissions

Independence between LEP status
and 1-year readmissions

Independence between LEP status
and 1-year ED visits

Difference in time-to-event
between LEP & EP

Independence between LEP status
and 18-month mortality

Difference in time-to-event
between LEP & EP

Difference in time-to-event
between LEP & EP

LEP and 30-day readmissions
were independent (4.0% vs. 5.0%;
p-value = 0.70).

LEP and 1-year readmissions
were independent (8.0% vs.
10.0%; p-value = 0.20) .

LEP and 1-year ED visits were
associated (14.0% vs. 23.0%; p-
value < 0.001) .

No difference between LEP and
EP in overall survival (p-value =
0.40)

LEP and 19-month mortality were
associated (16.3% vs. 10.1%; p-
value = 0.001)

No difference between LEP and
EP in median overall survival from
Stage I-1l cancer (p-value = 0.778);
Stage IlI-1V cancer, longer median
overall survival for LEP than EP (8
vs. 5 months; p-value = 0.039)

Longer time to death (survival) for
LEP than EP (p-value = 0.00063).
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Source Definition of Outcome Statistical Measure of Association Magnitude and Direction of
Methodology Associations Between LEP (vs.
EP) and Outcome Measures
Asokan et al, 0 Overall survival defined Log rank test of Difference in time-to-event No difference between LEP and
2020 as time from esophageal equality between LEP & EP EP in overall survival (p-value =
cancer diagnosis to 0.718)

death censored to last
follow-up (in operable
patients)

Abbreviations: ACS, Acute coronary syndrome; CSICU, Cardiovascular surgical intensive care unit; Cl, Confidence interval; CABG, Coronary artery bypass surgery; ED, Emergency
department; EP, English Proficiency; HR, Hazard ratio; IRR, Incidence rate ratio; IKS, International Knee Society; LOS, Length of stay; LEP, Limited English proficiency; MACE, Major
adverse cardiovascular events; MIGS, Minimally invasive gynecologic surgery; N/S, non-specified; NSQIP, National Surgical Quality Improvement Program; NENS, Non-English/non-
Spanish; OR, Odds ratio; OME, Oral morphine equivalent; TKA, Total knee arthroplasty.
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Supplementary Figures

eFigure 1. Articles per Year that met Inclusion Criteria
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eFigure 2. Perioperative Outcomes Represented
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