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ABSTRACT

Background Hospital readmissions are costly and
reflect negatively on care delivered.

Objective To have a better understanding of
unplanned readmissions after carotid revascularization,
which might help to prevent them.

Methods The Nationwide Readmissions Database

was used to determine rates and reasons for unplanned
readmission following carotid endarterectomy (CEA) and
carotid artery stenting (CAS). Trends were assessed by
annual percent change, modified Poisson regression was
used to estimate risk ratios (RR) for readmission, and
propensity scores were used to match cohorts.

Results Analysis yielded 522 040 asymptomatic

and 55485 symptomatic admissions for carotid
revascularization between 2010 and 2015. Higher
30-day readmission rates were noted after CAS versus
CEA in both symptomatic (9.1% vs 7.7%, p<0.001)
and asymptomatic (6.8% vs 5.7%, p<0.001) patients.
Readmission rates trended lower over time, significantly
so for 90-day readmissions in symptomatic patients
undergoing CEA. The most common cause for 30-day
readmission was stroke in both symptomatic (5.5%) and
asymptomatic (3.9%) patients. Factors associated with

a higher risk of readmission included age over 80; male
gender; Medicaid health insurance; and increases in
severity of illness, mortality risk, and comorbidity indices.
Analysis of matched cohorts showed that CAS had
higher readmission than CEA (RR=1.14 (95% CI 1.06 to
1.22); p<0.001) only in asymptomatic patients. Adverse
events during initial admission which predicted 30-day
readmission included acute renal failure and acute
respiratory failure in asymptomatic patients; hematoma
and cardiac events were additional predictive adverse
events in symptomatic patients.

Conclusions Readmission is not uncommon after
carotid revascularization, occurs more often after CAS,
and is predicted by baseline factors and by preventable
adverse events at initial admission.

INTRODUCTION

Hospital readmissions are increasingly used as a
measure of healthcare quality.' Unplanned readmis-
sions in surgical patients are viewed as an indicator
of poor care and are associated with significant
expenses to the healthcare system and to patients.”
Consequently, readmission is a target of healthcare
reform through the Hospital Readmissions Reduc-
tion Program,’ and the Center for Medicare and
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Medicaid Services (CMS) may introduce penalties
in the form of reduced reimbursement for centers
with higher than expected readmission rates.* Of all
discharges following a surgical procedure, vascular
surgery has the highest readmission rate of 23.9%
as compared with 15.6% in the remaining proce-
dures, underlining the importance of studying read-
mission after carotid revascularization to better
understand rates and reasons for readmission.’
We therefore used the Nationwide Readmissions
Database (NRD) to characterize the rate and causes
of 30-day and 90-day unplanned readmissions
after carotid endarterectomy (CEA) and stenting
(CAS) for symptomatic and asymptomatic carotid
stenosis, and analyzed preoperative and postoper-
ative factors associated with readmissions in real-
world practice across the United States.

METHODS

Database

The NRD contains all-payer data on hospital inpa-
tient stays from states participating in the Health-
care Cost and Utilization Project (HCUP) sponsored
by the Agency for Healthcare Research and Quality
(AHRQ) and the US Department of Health and
Human Services. The 2015 NRD contains all
discharges from 27 states and 2367 hospitals, which
are geographically dispersed, and account for 58%
of the total US resident population and of all US
hospitalizations.® Annual NRD datasets from 2010
to 2015 were obtained from the HCUP Central
Distributor (Rockville, Maryland, USA). To produce
national estimates, discharge weights provided by
the AHRQ website were used.” HCUP databases
lack unique patient identifiers, and therefore, are
exempt from institutional review board review
and informed consent under the Health Insurance
Portability and Accountability Act.®

Patient selection, definitions, and endpoint
variables

International Classification of Diseases, ninth Revi-
sion, clinical modification (ICD-9-CM) codes were
used to define medical diagnoses and inpatient
procedures as well as adverse events (online supple-
mental table 1). Since ICD-9 coding did not specify
laterality, stroke complications necessarily included
both. All adult patients diagnosed with symptom-
atic or asymptomatic CAS were included in the
study. Treatment procedures were CEA or CAS, and
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Ischemic stroke

patients with both procedure codes in the same admission were
excluded from the analysis. For 30-day and 90-day readmission
analyses, encounters discharged each year on or after December
1 and October 1, respectively, were excluded to ensure that all
readmissions could be identified. Patients who died during the
index admission, or with same-day readmissions to the same
hospital, same-day transfers to another hospital, or elective read-
missions were excluded from the readmission analyses. Patients
with a 30-day readmission were included in the 90-day readmis-
sion analysis, and patients with multiple readmissions within a
specified time period only had their first readmission analyzed.
Relevant comorbidities, such as hypertension and diabetes, were
included in the total number of comorbidities and analyzed using
the Elixhauser Comorbidity Index score (min=0, max=29).”
The All Patient Refined Diagnosis Related Groups (APR-DRG)
Classification System was used to classify the severity of illness
and risk of mortality. Hospital size, teaching status, and city
status were defined by the NRD. Reasons for readmissions were
grouped as previously described.'

Propensity matching

To address potential confounding non-random differences
between patients who underwent CEA versus CAS, we used
propensity score matching to create two cohorts of patients in
each diagnosis (symptomatic and asymptomatic) and readmission
(30-day and 90-day) group who were matched on their propen-
sity for undergoing CEA versus CAS. In this process, a logistic
regression model was created in each of the four groups to esti-
mate the likelihood of undergoing CEA (rather than CAS) using
all patient (age group, sex, household income, health insurance,
severity, and comorbidities) and hospital (size, ownership, loca-
tion, and teaching status) characteristics as potential predictors.
The logit coefficients from this model were then used to create
a propensity score for each patient in each group, which ranged
from 0 to 1 and represented the likelihood of undergoing CEA
rather than CAS. We then performed nearest-neighbor matching
(with a caliper distance of 0.05) with these propensity scores to
create two evenly matched cohorts of CEA and CAS by a caliper-
matching algorithm, in each of the four groups. Discharge
weights were used in the matching process.

Statistical analysis

Student’s t-test and X* test were used in between-group compari-
sons for continuous and categorical variables, respectively. Trends
were assessed over the entire time period by annual percent change
(APC) estimates using Joinpoint Regression Program, version
4.6.0.0 (Statistical Methodology and Application Branch, Surveil-
lance Research Program, National Cancer Institute)."' Regression
analysis was used to determine factors associated with 30-day and
90-day readmissions in matched cohorts. Modified Poisson regres-
sion was used instead of logistic regression to enable adjusted
risk ratio (aRR) estimation with high precision for binary data.'?
Poisson regression was performed using generalized estimating
equations and clustering at the hospital level on postprocedural
adverse events (online supplemental table 1) and outcome (ie, non-
routine discharge)' in the index hospitalization. Propensity score
matching and statistical analysis were performed using the software
R, version 4.0.2 (R Foundation for Statistical Computing, Vienna,
Austria) and Matchlt'* package for R and using IBM SPSS Statistics
for Windows, version 26 (IBM Corp., Armonk, New York, USA),
respectively. A p value of <0.05 was defined as statistically signifi-
cant. Data are presented as mean+SD and 95% confidence intervals
(ClIs) are presented in brackets unless otherwise specified.

20%
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Figure 1  Readmission rates after CEA or CAS in asymptomatic
and symptomatic patients. CAS=carotid artery stenting; CEA=carotid
endarterectomy.

RESULTS

We identified a total of 522040 asymptomatic (mean (SD) age
69.8 (12.5), 58.8% male) and 55485 symptomatic (mean (SD)
age 71.3 (9.6), 62.4% male) patients with carotid artery stenosis
who were admitted and treated between 2010 and 2015. Among
admissions for asymptomatic stenosis, 460811 (88.3%) under-
went CEA and 61229 (11.7%) underwent CAS. In the symptom-
atic group, 44766 (80.7%) underwent CEA and 10719 (19.3%)
underwent CAS. Baseline demographics and characteristics of
the study population are shown in online supplemental table 2.

Readmission rates

In the asymptomatic cohort, 520610 patients were discharged
alive. Of those eligible for readmission analysis, 28336 (5.8%)
were readmitted within 30 days and 41042 (10.0%) were read-
mitted within 90 days of their initial hospitalization. Asymp-
tomatic patients who underwent CAS had significantly higher
30-day (6.8% (95% CI 6.5% to 7.0%) vs 5.7% (95% CI 5.6%
to 5.8%); p<0.001) and 90-day (12.2% (95%CI 11.8% to
12.5%) vs 9.7% (95%CI 9.6% to 9.8%); p<0.001) readmis-
sion rates than patients who underwent CEA (figure 1). In the
symptomatic cohort, 54 704 patients were discharged alive. Of
those eligible for readmission analysis, 4047 (8.0%) patients
were readmitted within 30 days and 5833 (13.6%) patients were
readmitted within 90 days of their initial hospitalization. Symp-
tomatic patients who underwent CAS had significantly higher
30-day (9.1% (95% CI 8.5% to 9.7%) vs 7.7% (95%CI 7.4% to
8.0%); p<0.001) and 90-day (17.0% (95%CI 16.1% to 17.9%)
vs 12.8% (95%CI 12.4% to 13.2%); p<0.001) readmission
rate than patients who underwent CEA (figure 1). There was a
trend towards declining 30-day and 90-day readmissions after
CEA or CAS in both symptomatic and asymptomatic patients
during the study period (figure 2), but this was significant only in
90-day readmissions after CEA for symptomatic stenosis where
the readmission rate declined from 13.7% in 2010 to 11.5% in
2015 (APC=-3.12 (95%CI -4.46 to -1.76); p<0.001).

Reasons and risk ratios for readmission in asymptomatic
patients

Using ICD-9-CM coding, the most frequent reasons for 30-day
and 90-day readmissions after asymptomatic carotid revascu-
larization were cerebral artery occlusion with infarct of any
laterality (3.9%, 3.5%), myocardial infarction (3.7%, 3.5%),
hematoma (3.5%, 2.0%), transient ischemic attack (2.9%,
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Figure 2 Trends in readmission rates (A, B) and APC (C, D) from 2010 to 2015 in asymptomatic and symptomatic patients. APC=annual percent
change; CAS=carotid artery stenting; CEA=carotid endarterectomy. *p<0.001, for all other APCs p>0.05.

2.7%), septicemia (2.9%, 3.0%), pneumonia (2.9%, 3.0%),
carotid artery stenosis/occlusion without infarction (2.8%,
4.0%) and acute kidney failure (2.1%, 2.4%), respectively. Cate-
gorized groups of reasons for readmissions after asymptomatic
carotid revascularization are presented in figure 3 and online
supplemental figure 1. Asymptomatic patients undergoing CAS
had a higher adjusted risk of non-elective 30-day (aRR=1.10
(95% CI 1.06 to 1.14); p<0.001) and 90-day (aRR=1.17 (95%
CI 1.14 to 1.20); p<0.001) readmission than patients having
CEA (online supplemental figures 2 and 3), and unplanned
carotid revascularization rates were higher after CAS than CEA
within 30 days and 90 days (0.20% vs 0.16%, p=0.04; 0.50%
vs 0.38%, p<0.001; respectively) (online supplemental figure
4). Risk of 30-day readmission was higher in patients aged 80
years or older (aRR=1.13 (95% CI 1.08 to 1.18); p<0.001),
male patients (aRR=1.13 (95% CI 1.11 to 1.16); p<0.001),
patients with Medicaid health insurance (aRR=1.22 (95% CI
1.14 to 1.3); p<0.001), patients with moderate (aRR=1.28
(95% CI 1.24 to 1.32); p<0.001), major (aRR=1.36 (95% CI

30-day Readmisson After Treatment
(Asymtomatic Stenosis)

1.29 to 1.44); p<0.001), and extreme (aRR=1.49 (95% CI
1.33 to 1.67); p<0.001) APR-DRG mortality risk, patients with
moderate (aRR=1.22 (95% CI 1.19 to 1.26); p<0.001), major
(aRR=1.60 (95% CI 1.52 to 1.69); p<0.001), and extreme
(aRR=2.27 (95% CI 2.02 to 2.55); p<0.001) APR-DRG
severity, and patients with higher comorbidity score (aRR=1.11
(95% CI1.11 to 1.12); p<0.001) (online supplemental figure 2).
Furthermore, asymptomatic octogenarian and older patients had
a significantly higher rate of readmission than younger patients
after either CEA (7.2% vs 5.3% at 30 days; 12.2% vs 9.1% at
90 days; p<0.001 for both) or CAS (9.2% vs 6.1% at 30 days;
15.29% vs 11.4% at 90 days; p<0.001 for both).

Reasons and risk ratios for readmission in symptomatic
patients

Using ICD-9-CM coding, the most frequent reasons for 30-day
and 90-day readmissions after symptomatic carotid revasculariza-
tion were cerebral artery occlusion with infarct of any laterality

30-day Readmisson After Treatment
(Symtomatic Stenosis)

=CEA =CAS =CEA =CAS
- Psychiatric -
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Figure 3  Grouped categories tabulating proportion of causes of readmission for asymptomatic stenosis (left) and symptomatic stenosis
(right). CAS=carotid artery stenting; CEA=carotid endarterectomy; DVT=deep vein thrombosis; ENT=ear, nose, and throat; Gl=gastrointestinal;

GU=genitourinary; PE=pulmonary embolism.
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(5.5%, 4.7%), septicemia (4.3%, 4.2%), transient ischemic
attack (3%, 3.5%), myocardial infarction (2.9%, 2.5%), pneu-
monia (2.6%, 2.7%), carotid artery stenosis/occlusion without
infarction (2.4%, 3.4%), and acute kidney failure (2.4%, 2.6%),
respectively. Categorized groups of reasons for readmissions
after symptomatic carotid revascularization are presented in
figure 3 and online supplemental figure 1. Although the adjusted
risk of readmission was not significantly different between symp-
tomatic patients undergoing CEA versus CAS at 30 days (online
supplemental figure 2), it was significantly higher at 90 days
for patients undergoing CAS (aRR=1.13 (95% CI 1.06 to 1.2);
p<0.001) (online supplemental figure 3). However, there were
no significant differences in unplanned revascularization rates
after CEA or CAS within 30 and 90 days (online supplemental
figure 4). Risk of 30-day readmission was higher in patients aged
80 years or older (aRR=1.17 (95% CI 1.04 to 1.31); p=0.009),
male patients (aRR=1.15 (95% CI 1.08 to 1.22); p<0.001),
patients with Medicaid health insurance (aRR=1.25 (95% CI
1.08 to 1.43); p=0.002), patients with moderate (aRR=1.28
(95% CI 1.10 to 1.49); p=0.001), major (aRR=1.73 (95% CI
1.46 to 2.05); p<0.001), and extreme (aRR=1.54 (95% CI
1.24 to 1.93); p<0.001) APR-DRG mortality risk, patients with
moderate (aRR=1.19 (95% CI 1.01 to 1.40); p=0.03), major
(aRR=1.39 (95% CI 1.17 to 1.65); p<0.001), and extreme
(aRR=2.14 (95% CI 1.71 to 2.69); p<0.001) APR-DRG
severity, and patients with higher comorbidity score (aRR=1.11
(95% CI1.09 to 1.12); p<0.001) (online supplemental figure 2).
Furthermore, symptomatic octogenarian and older patients had
a significantly higher rate of readmission than younger patients
after either CEA (9.6% vs 7.2% at 30 days; 16.8% vs 11.8% at
90 days; p<0.001 for both) or CAS (10.3% vs 8.8% at 30 days;
18.49% vs 16.6% at 90 days; p<0.001 for both).

Postoperative adverse events and readmission after CEA
versus CAS: propensity-matched asymptomatic patients
Propensity score matching was used to address potential
confounding non-random differences between patients under-
going CEA versus CAS for asymptomatic stenosis, yielding 19 900
and 17116 matched patients for 30-day and 90-day readmission
analyses, respectively (online supplemental table 3). Univariable
analysis after matching showed higher readmission rates after
CAS at both 30 (RR=1.14 (95% CI 1.06 to 1.22); p<0.001)
and 90 days (RR=1.19 (95% CI 1.13 to 1.26); p<0.001) in
comparison with CEA. The risk ratio of readmission following
adverse events and outcome at the index admission is presented

in figure 4. Specifically, in patients undergoing CEA, the risk of
30-day readmission was higher in those with acute renal failure
(RR=2.39 (95% CI 1.84 to 3.10); p<0.001), acute respiratory
failure (RR=1.77 (95% CI 1.25 to 2.50); p=0.001), cardiac
events (RR=1.52 (95% CI 1.09 to 2.14); p=0.02), or non-
routine discharge (RR=1.99 (95% CI 1.76 to 2.26); p<0.001)
during their initial admission. In patients undergoing CAS, the
risk of 30-day readmission was higher in those with acute renal
failure (RR=2.10 (95% CI 1.63 to 2.70); p<0.001), acute respi-
ratory failure (RR=2.69 (95% CI 1.70 to 4.24); p<0.001),
and non-routine discharge (RR=2.15 (95% CI 1.90 to 2.44);
p<0.001). Similar risks were found for readmission at 90 days
(online supplemental figure 5).

Postoperative adverse events and readmission after CEA
versus CAS: propensity-matched symptomatic patients
Propensity score matching yielded 3617 and 3054 matched
symptomatic patients for 30-day and 90-day readmission anal-
ysis, respectively (online supplemental table 4). Univariable
analysis after matching did not show any significant difference
in readmission rate following CAS versus CEA, at both 30 and
90 days (p=0.88and p=0.09, respectively). In patients, under-
going CEA, the risk of 30-day readmission was higher if patients
had hematoma/hemorrhage (RR=1.67 (95% CI 1.18 to 2.37);
p=0.004), acute renal failure (RR=1.80 (95% CI 1.40 to 2.31);
p<0.001), acute respiratory failure (RR=1.86 (95% CI 1.39
to 2.48); p<0.001), cardiac events (RR=2.03 (95% CI 1.44
to 2.85); p<0.001), or non-routine discharge (RR=2.15 (95%
CI 1.76 to 2.61); p<0.001) during their initial admission. In
CAS patients, risk of 30-day readmission was higher if patients
had hematoma/hemorrhage (RR=1.73 (95% CI 1.10 to 2.74);
p=0.02), acute renal failure (RR=1.89 (95% CI 1.45 to 2.48);
p<0.001), acute respiratory failure (RR=1.79 (95% CI 1.30
to 2.45); p<0.001), cardiac events (RR=2.09 (95% CI 1.49 to
2.92); p<0.001), or non-routine discharge (RR=2.08 (95% CI
1.70 to 2.54); p<0.001) (figure 4). Similar risks were found for
readmission at 90 days (online supplemental figure 5).

DISCUSSION

Since CMS began publishing 30-day readmission data for selected
disorders, hospital readmissions have become an important
metric of quality of care, and higher than expected readmission
rates can be associated with financial penalties.’ * Readmissions
following vascular intervention outnumber those following any
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<0.001 2 1.89 (1.45-2.48) <0.001
<0.001 - 1.79 (1.30-2.45) <0.001
<0.001 - 2.09 (1.49-2.92) <0.001
<0.001 HaH 2.08 (1.70-2.54) <0.001

0 — 1
Less likely

— 10
More likely

Figure 4 Postoperative adverse events or outcome at initial carotid revascularization and risk ratio of 30-day readmission. CAS=carotid artery
stenting; CEA=carotid endarterectomy; CI=Cl interval; DVT=deep vein thrombosis; PE=pulmonary embolism; RR=risk ratio.
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other procedure type,® and therefore a clear understanding of
rates and reasons for readmission after carotid revascularization
in real-world practice is important for all neurovascular prac-
titioners. Using a nationally representative database spanning
modern-era carotid revascularization, we show higher read-
mission rates after CAS than CEA in both symptomatic and
asymptomatic patients, without significant improvement over
time except in 90-day readmissions after CEA for symptomatic
stenosis. This is concordant with smaller studies examining read-
missions in Medicare beneficiaries," ' although other authors
have found CAS to have similar'” or lower'® readmissions when
examining single-state or smaller commercial databases. Our
data are unique in comparison with the handful of prior anal-
yses'*% in that we used the largest available nationally represen-
tative database, analyzed all patients irrespective of age, excluded
planned readmissions, distinguished contributors to readmission
across multiple steps in the care pathway, and examined symp-
tomatic and asymptomatic patients separately. This last point is
important since symptomatic and asymptomatic patients are very
different populations, with differing natural history of disease
and treatment recommendations based on distinct randomized
trial data.” It is interesting that CAS, a less invasive procedure,
is associated with a higher unadjusted readmission rate in both
symptomatic and asymptomatic patients. However, this higher
readmission rate may reflect inherent selection bias as patients
undergoing CAS often have higher comorbidities.”* Accord-
ingly, both multivariate analysis and propensity matching largely
nullified differences in readmission rates between CAS and CEA
in symptomatic patients in our data, although higher rates and
risk ratios of readmission after CAS persisted in asymptomatic
patients.

While noting differences in readmission rates between CEA
and CAS is important, this distinction is less likely to influ-
ence daily practice than the ability to predict and potentially
prevent such readmissions. We therefore analyzed the reasons
and risks for readmission after each of these two procedures at
three distinguishable clinical stages: preoperative characteristics
at baseline, postoperative adverse events and outcomes, and
diagnoses underlying the subsequent readmission. When exam-
ining baseline characteristics, we found a significantly higher
risk ratio for readmission in octogenarian and older patients,
male patients, patients on Medicaid, and patients with higher
APR-DRG mortality, APR-DRG severity of illness, and Elix-
hauser Comorbidity Index scores, largely in agreement with
previous smaller studies'” '* ***° as well as studies restricted to
Medicare beneficiaries.”” ' Our data would therefore suggest
that for prevention of readmission, targeting octogenarian and
older patients, those with higher comorbidities, and patients on
Medicaid might be a worthwhile strategy, although evidence for
preadmission intervention in surgical patients remains sparse.”®

We then examined adverse events and outcomes during the
initial admission for revascularization that might predict a higher
risk for readmission. We identified acute renal failure, acute
respiratory failure, and non-routine discharge as predictors for
readmission after both CAS and CEA in asymptomatic patients;
in symptomatic patients, hematoma and cardiac events were
additional adverse events that predicted readmission. Other
authors have similarly noted that renal and cardiac complica-
tions, postoperative hematoma, and non-routine discharge are
associated with a higher readmission rate after carotid revascu-
larization.'®™"® These imply practical targets exist for prevention
of readmission after both CAS and CEA. For example, perioper-
ative §§ blocker use is associated with improved outcomes after
CAS,”” and use of protamine has been shown to improve bleeding

complications after both CEA?® and CAS? without increasing
myocardial infarction, stroke, death, or thromboembolic events.

Lastly, we tabulated readmission diagnoses, finding that stroke
was the most frequent cause of readmission after carotid revascu-
larization. This is concordant with other authors’ findings when
examining patients of all ages in a large commercial US hospital-
based, all-payer database'® and in a state-wide database of
hospital and surgical facility discharges in Pennsylvania'’; in the
Medicare population, cardiac complications appear to outweigh
stroke as a reason for readmission after carotid revasculariza-
tion." ' A potential strategy to target readmissions after carotid
revascularization may therefore be to improve compliance with
post-discharge medical management. For example, investigators
for the Carotid Revascularization and Medical Management for
Asymptomatic Carotid Stenosis Trial (CREST-2) have found
poor compliance with hypertension management guidelines,*
and others have similarly found suboptimal compliance with
statin® and antiplatelet®” use in patients with carotid stenosis.

An important implication of our data relates to CMS policies,
which continue to restrict reimbursement of CAS to patients
at high risk for CEA who have either (a) =70% symptomatic
stenosis, (b) 50-70% symptomatic stenosis, or (c) =80% asymp-
tomatic stenosis; with the last two categories reimbursed only
if performed within designated clinical trials or post-approval
studies.>® This has led to continued controversy over calls for
expansion of routine CMS coverage to include standard and
low-risk patients and/or those treated outside of trials.***® Given
CMS’ focus on reducing costs associated with readmissions,” *
proponents of such an expansion would probably need to show
at least equivalence between CEA and CAS readmission rates.
However, our data demonstrate higher unadjusted readmission
rates after CAS in both symptomatic and asymptomatic NRD
cohorts; and while propensity-matched analysis found higher
readmission rates after CAS only in asymptomatic patients, this
group of patients was nearly an order of magnitude larger than
those treated for symptomatic stenosis during the study period.

Our data and analysis have several limitations. The NRD is
a retrospective administrative database without the granularity
required to comprehensively assess underlying reasons behind
the choice of revascularization procedures and their associ-
ated inpatient complications. For example, ICD-9 coding did
not permit distinction between ipsilateral and contralateral
strokes, hence stroke complications were analyzed in aggregate.
However, the NRD is likely to be a better representation of real-
world practice than randomized trials (which typically enroll
highly selected centers and patients) or registries and selected
case series that are subject to publication bias. Our analysis does
not include data from 2016 onward owing to changes in NRD
methodology, which limits our ability to assess the impact of
newer iterations of endovascular devices.

CONCLUSION

Readmission is not uncommon after carotid revascularization in
the United States, occurs most commonly due to stroke, and is
more frequent after CAS in both symptomatic and asymptom-
atic patients. These differences are less apparent in symptomatic
patients across matched cohorts or after adjusting for patient
and hospital characteristics, but persist in asymptomatic patients.
Importantly, readmission is predicted in both asymptomatic and
symptomatic patients, after either CEA or CAS, by a small subset
of patient and hospital characteristics and by several potentially
preventable adverse events during the initial revascularization
admission.
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Supplementary Table 1. List of ICD-9-CM codes used for data extraction, 2010-2015, NRD.

ICD-9-CM code Description
Asymptomatic  433.10 Occlusion and stenosis of carotid artery without mention of cerebral infarction
carotid artery 433.30 Occlusion and stenosis of multiple and bilateral precerebral arteries without

stenosis

mention of cerebral infarction

Symptomatic
carotid artery

433.11, 433.31, 433.81,
433.91

Occlusion and stenosis of carotid and precerebral arteries with cerebral
infarction

stenosis 434.01,434.11, 43491 Cerebral thrombosis, embolism, or artery occlusion with cerebral infarction
435.8-435.9 Transient cerebral ischemia
437.1 Other generalized ischemic cerebrovascular disease
362.34, 362.84,368.12 Transient retinal arterial occlusion, retinal ischemia, or transient visual loss
Carotid 38.12 Endarterectomy, other vessels of head and neck
endarterectomy
Carotid artery 39.90 Insertion of non-drug-eluting peripheral (non-coronary) vessel stent(s)
stenting 00.63 Percutaneous insertion of carotid artery stent(s)
Complications 410, 410.0-410.9, Cardiac events
or adverse 410.00-410.92,997.1
events 415, 415.0, 415.1, Pulmonary embolization

415.11, 415.19
453.2,453.4,453.41,
453.42, 453.8, 453.81-
453.89, 483.9

451, 451.0-451.9,
451.11-451.89
518.4,518.5,518.51-
518.53,518.81

584, 584.5-584.9
780.3,780.31, 780.39
997.02

998.1,998.11, 998.12

Deep vein thrombosis

Phlebitis & thrombophlebitis
Acute respiratory failure

Acute renal failure

Seizure

latrogenic cerebrovascular infarction or hemorrhage
Hematoma/Hemorrhage
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Supplementary Table 2. Comparison of baseline characteristics of patients treated for symptomatic and asymptomatic carotid stenosis, 2010-2015.

Factors Asymptomatic carotid stenosis (n=522040)
CEA (n=460811) CAS (n=61229) p-value
No. of events (%) No. of events (%)

Symptomatic carotid stenosis (n=55485)
CAS (n=10719) p-value

No. of events (%)

CEA (n=44766)
No. of events (%)

Age Groups <0.001 <0.001
<65 years 104008 (22.6) 14685 (24.0) 13582 (30.3) 3611 (33.7)
65-79 years 265169 (57.5) 34334 (56.1) 22261 (49.7) 4937 (46.1)
>80 years 91634 (19.9) 12210 (19.9) 8922 (19.9) 2171 (20.3)

Sex <0.001 0.007
Female 193147 (41.9) 23738 (38.8) 16936 (37.8) 3905 (36.4)
Male 267664 (58.1) 37491 (61.2) 27830 (62.2) 6814 (63.6)

Median household income <0.001 <0.001
1t quartile 131059 (28.9) 18737 (31.0) 12349 (28.0) 3145 (30.0)
2" quartile 128439 (28.3) 17684 (29.3) 11897 (27.0) 2917 (27.8)
3" quartile 110238 (24.3) 14246 (23.6) 11023 (25.0) 2641 (25.2)
4t quartile 83817 (18.5) 9690 (16.1) 8760 (19.9) 1796 (17.1)

Insurance <0.001 <0.001
Medicare 347947 (75.7) 46698 (76.5) 30572 (68.4) 7063 (66.0)
Medicaid 14532 (3.2) 2435 (4.0) 2318 (5.2) 773 (7.2)
Private 84287 (18.3) 9587 (15.7) 9170 (20.5) 2128 (19.9)
Self-pay/No charge/Other 13057 (2.8) 2287 (3.7) 2615 (5.9) 733 (6.9)

Hospital size <0.001 <0.001
Small 50479 (11.0) 4321 (7.1) 3700 (8.3) 447 (4.2)
Medium 101797 (22.1) 11695 (19.1) 9860 (22.0) 1761 (16.4)
Large 308535 (67.0) 45213 (73.8) 31206 (69.7) 8510 (79.4)

Hospital Ownership Status <0.001 <0.001
Government, nonfederal 46270 (10.0) 6777 (11.1) 4744 (10.6) 1426 (13.3)
Private, not-profit 339265 (73.6) 45323 (74.0) 33634 (75.1) 7761 (72.4)
Private, invest-own 75277 (16.3) 9129 (14.9) 6388 (14.3) 1532 (14.3)

Hospital City Status <0.001 <0.001
Large City (>1ml) 202490 (43.9) 30613 (50.0) 21592 (48.2) 6886 (64.2)
Small City (<1ml) 258321 (56.1) 30616 (50.0) 23174 (51.8) 3833 (35.8)

Hospital Teaching Status <0.001 <0.001
Non-teaching 217122 (47.1) 23255 (38.0) 17951 (40.1) 3050 (28.5)
Teaching 243689 (52.9) 37975 (62.0) 26815 (59.9) 7669 (71.5)

APR-DRG Mortality Risk <0.001 <0.001
Minor 306297 (66.5) 35571 (58.1) 10363 (23.1) 1231 (11.5)
Moderate 126012 (27.3) 20071 (32.8) 27210 (60.8) 6050 (56.4)
Major 23130 (5.0) 46009 (7.5) 5655 (12.6) 2093 (19.5)
Extreme 5372 (1.2) 979 (1.6) 1537 (3.4) 1346 (12.6)

APR-DRG Severity <0.001 <0.001
Minor 271063 (58.8) 30832 (50.4) 8209 (18.3) 970 (9.0)
Moderate 157018 (34.1) 24458 (39.9) 13439 (30.0) 2211 (20.6)
Major 27685 (6.0) 5208 (8.5) 21597 (48.2) 6207 (57.9)
Extreme 5046 (1.1) 731(1.2) 1520 (3.4) 1331 (12.4)

Comorbidity <0.001 <0.001
Score (Mean * SD) 2.33+1.50 242 +157 2.64 +1.69 3.13+1.87
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Supplementary Table 3. Comparison of baseline characteristics of patients treated for asymptomatic carotid stenosis after matching, 2010-2015.

Factors Asymptomatic carotid stenosis or occlusion (30-day)
CEA (n=19900) CAS (n=19900) p-value
No. of events (%) No. of events (%)

Asymptomatic carotid stenosis or occlusion (90-day)
CEA (n=17116) CAS (n=17116) p-value
No. of events (%) No. of events (%)

Age Groups 0.91 0.61
<65 years 4314 (21.7) 4349 (21.9) 3678 (21.5) 3746 (21.9)
65-79 years 11505 (57.8) 11480 (57.7) 9912 (57.9) 9831 (57.4)
>80 years 4081 (20.5) 4071 (20.5) 3526 (20.6) 3539 (20.7)

Sex 0.88 0.70
Female 7798 (39.2) 7783 (39.1) 6685 (39.1) 6720 (39.3)
Male 12102 (60.8) 12117 (60.9) 10431 (60.9) 10396 (60.7)

Median household income 0.69 0.73
1t quartile 6129 (30.8) 6114 (30.7) 5258 (30.7) 5199 (30.4)
2" quartile 5386 (27.1) 5298 (26.6) 4640 (27.1) 4598 (26.9)
3" quartile 4750 (23.9) 4789 (24.1) 4119 (24.1) 4159 (24.3)
4t quartile 3635 (18.3) 3699 (18.6) 3099 (18.1) 3160 (18.5)

Insurance 0.17 0.13
Medicare 15756 (79.2) 15665 (78.7) 13531 (79.1) 13450 (78.5)
Medicaid 636 (3.2) 655 (3.3) 552 (3.2) 599 (3.5)
Private 3014 (15.1) 3017 (15.2) 2598 (15.2) 2576 (15.1)
Self-pay/No charge/Other 494 (2.5) 563 (2.8) 435 (2.5) 491 (2.9)

Hospital size 0.95 0.68
Small 1168 (5.9) 1183 (5.9) 1043 (6.1) 1074 (6.3)
Medium 4110 (20.7) 4100 (20.6) 3675 (21.5) 3627 (21.2)
Large 14622 (73.5) 14617 (73.5) 12398 (72.4) 12415 (72.5)

Hospital Ownership Status 0.47 0.21
Government, nonfederal 2374 (11.9) 2389 (12.0) 2018 (11.8) 2091 (12.2)
Private, not-profit 14432 (72.5) 14333 (72.0) 12374 (72.3) 12229 (71.4)
Private, invest-own 3094 (15.5) 3178 (16.0) 2724 (15.9) 2796 (16.3)

Hospital City Status 0.97 0.77
Large City (>1ml) 10427 (52.4) 10431 (52.4) 8959 (52.3) 8932 (52.2)
Small City (<1ml) 9473 (47.6) 9469 (47.6) 8157 (47.7) 8184 (47.8)

Hospital Teaching Status >0.99 0.87
Non-teaching 7933 (39.9) 7933 (39.9) 6738 (39.4) 6723 (39.3)
Teaching 11967 (60.1) 11967 (60.1) 10378 (60.6) 10393 (60.7)

APR-DRG Mortality Risk 0.66 0.55
Minor 12119 (60.9) 12049 (60.5) 10329 (60.3) 10285 (60.1)
Moderate 6556 (32.9) 6567 (33.0) 5710 (33.4) 5690 (33.2)
Major 1125 (5.7) 1179 (5.9) 977 (5.7) 1040 (6.1)
Extreme 100 (0.5) 105 (0.5) 100 (0.6) 101 (0.6)

APR-DRG Severity 0.78 0.18
Minor 10698 (53.8) 10633 (53.4) 9241 (54.0) 9074 (53.0)
Moderate 7905 (39.7) 7942 (39.9) 6735 (39.3) 6838 (40.0)
Major 1209 (6.1) 1244 (6.3) 1055 (6.2) 1126 (6.6)
Extreme 88 (0.4) 81(0.4) 85 (0.5) 78 (0.5)

Comorbidity 0.50 0.29
Score (Mean * SD) 2.36+1.48 2.37£1.50 2.37+1.50 2.39+1.52
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