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Unplanned readmissions after vascular surgery

Prateek K. Gupta, MD,” Sara Fernandes-Taylor, PhD,* Bala Ramanan, MBBS,® Travis L. Engelbert, MD," and
K. Craig Kent, MD,* Madison, Wisc; and Omaha, Neb

Objective: Existing literature on readmission after vascular surgery is limited. The upcoming reduction in Medicare
reimbursement for institutions with high readmission rates mandates an accurate understanding of this issue. In this
study, we characterize the frequency and causes of 30-day unplanned readmissions after elective vascular surgery.
Methods: Patients who underwent elective carotid endarterectomy (CEA), endovascular aortic repair (EVAR), open
abdominal aorticaneurysm (0AAA) repair, or infrainguinal bypass grafting (BPG) were identified from the American College
of Surgeons (ACS) National Surgical Quality Improvement Program (NSQIP) 2011 database (n = 11,246). Multivariable
logistic regression was used to determine variables that contributed to 30-day unplanned readmissions for each surgery type.
Results: The unadjusted unplanned readmission rates after the four vascular procedures ranged from 6.5% for CEA to
15.7% for BPG. In multivariable analyses, patient comorbidities were associated with unplanned readmission after BPG
and CEA (P < .05), whereas postoperative complications were more consistently associated with unplanned readmission
after EVAR and oAAA repair (P < .05). For all procedures, complications leading to readmission developed more
frequently after discharge. Thirty-day mortality was significantly higher in readmitted patients after BPG (1.9% vs 0.3%),
EVAR (3.9% vs 0.1%), and CEA (2.2% vs 0.2%; P < .001 for each), but not after 0AAA repair.

Conclusions: Select comorbidities and postoperative complications contribute to unplanned readmissions after vascular
surgery. The characteristics of readmitted patients vary with the type of procedure. Interventions designed to mitigate
these factors have the potential to reduce unplanned readmissions but likely need to vary with the type of vascular

treatment. (J Vasc Surg 2014;59:473-82.)

Significant morbidity and costs are associated with 30-day
readmissions after vascular procedures. Consequently, read-
mission is a target of health care reform. Jencks et al' found
that seven conditions account for >30% of preventable read-
missions; among them, vascular surgery is the most costly.
Furthermore, the readmission rate for vascular surgery is
23.9% among Medicare beneficiaries, far higher than the over-
all surgical readmission rate of 15.6%." As a result, the Center
for Medicare and Medicaid Services (CMS) may introduce
penalties in the form of reduced reimbursement to hospitals
with higher-than-expected readmission rates for vascular
procedures.” This penalty will have a significant effect on the
landscape of vascular surgical practice.

Research characterizing readmission rates after vascular
surgery is limited and rarely stratified by procedure,
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restricting implications for practice.® Additional studies
that focus on readmissions for specific vascular procedures
often consist of single-site or small multi-institution retro-
spective analyses™® or analyses of large administrative data
sets with limited clinical information.”” Therefore, the
results of these studies may not generalize to widespread
clinical practice. Furthermore, most existing studies do not
distinguish between planned and unplanned readmissions.
This study complements existing research by examining
the clinical characteristics of multiple vascular procedures
using data from the American College of Surgeons (ACS)
National Surgical Quality Improvement Program (NSQIP),
a clinically validated, multicenter data set.

The objective of this study is to characterize 30-day
unplanned readmission rates for four common vascular
procedures—open abdominal aortic aneurysm (0AAA)
repair, endovascular abdominal aortic aneurysm repair
(EVAR), infrainguinal bypass grafting (BPG), and carotid
endarterectomy (CEA)—and analyze preoperative and
postoperative factors associated with unplanned readmis-
sions after these vascular procedures. Our findings suggest
that chronic comorbidities and postoperative complica-
tions, such as surgical site infection and postoperative
cardiac complications, are associated with early readmis-
sion. In addition, we found that readmission is associated
with increased mortality. Our study offers a detailed picture
of 30-day unplanned readmission after major arterial
vascular interventions and identifies corresponding implica-
tions for clinical practice.

METHODS

Data set. Data were extracted from the 2011 ACS
NSQIP Participant Use Data File. NSQIP is a multicenter,
prospective database with 315 (in 2011) participating
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academic and community United States hospitals and data
on >250 perioperative variables. In NSQIP, a participating
hospital’s surgical clinical reviewer (SCR) captures data
using a variety of methods, one of which is medical record
abstraction. Comprehensive strategies are used to identify
events occurring after hospital discharge.'® In addition to
examining inpatient medical records and outpatient patient
charts, a minimum of three attempts to contact the patient
by telephone or mail are made to ensure accurate docu-
mentation of postdischarge events. If no response is ob-
tained, the Social Security Death Index and the National
Obituary Archives are queried to investigate the potential
of'a death. Hospitals are required to provide complete 30-
day follow-up on at least 95% of patients.'® Morbidity in
NSQIP is identified by independent record review or
patient encounter after patient discharge.

The NSQIP data are collected according to strict
criteria formulated by a committee. To ensure the data
collected are of a high quality, the NSQIP has developed
different training mechanisms for the SCR and conducts
an inter-rater reliability audit of participating sites. Inter-
rater reliability audits showed that overall agreement rates
on variables was 98.44% (>140,000 audited fields) in
2008."" The processes of SCR training, inter-rater reli-
ability auditing, data collection, and sampling methodology
are described in detail elsewhere.'*"?

Cohort and variables. Patients undergoing elective
EVAR, 0AAA repair, CEA, and BPG in the NSQIP data
set were identified using the Current Procedural Termi-
nology (CPT) code (American Medical Association, Chi-
cago, Ill) or the procedures in combination with
appropriate International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9) diagnosis codes.
EVAR was defined with an ICD-9 diagnosis of 441.4 in
combination with any of the CPT codes 34800, 34802,
34803, 34804, 34805, or 34825. CEA was defined with an
ICD-9 diagnosis of 443.10 or 443.11 in combination with
CPT code 35301. 0AAA repair was defined with a ICD-9
441.4 diagnosis code and CPT codes 35801 or 35102.
Finally, BPG was defined with CPT codes 35556, 35566,
35571, 35583, 35585, 35587, 35656, or 35666.

To eliminate any potentially nonelective patients and to
improve generalizability, the following preoperative exclu-
sion criteria were applied: ascites, esophageal varices, on
ventilator before surgery, acute renal failure before the
operation, impaired sensorium, coma, tumor involving
the central nervous system, paraplegia/paraparesis, quadri-
plegia/quadriparesis, disseminated cancer, chemotherapy
=30 days, radiotherapy =90 days, preoperative do-not-
resuscitate status, preoperative transfusion of >4 units
packed red blood cells, emergency case classification,
preoperative systemic sepsis =48 hours, cases with a simul-
taneous procedure, and previous operation =30 days.
Patients who died during their first hospitalization were
also excluded from subsequent postdischarge analyses
(EVAR, 13; CEA, 8; 0AAA repair, 13; BPG, 17) as were
patients with a 0-day postoperative length of stay (LOS)
after oAAA repair and BPG.
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Analysis variables included the sociodemographic char-
acteristics of sex, age >75th percentile (EVAR, 80 years;
CEA and oAAA repair, 78 years; BPG, 75 years), and
race (white, black, Asian, Hispanic, other). Preoperative
factors included body mass index (BMI), defined according
to the Centers for Disease Control and Prevention as over-
weight with BMI between 25 and 29.9 kg/m? and obese
ata BMI =30 kg/ 'm?2, and indicator variables for smoking,
diabetes (on medications or insulin), dyspnea (at rest or
moderate exertion), functional dependence, being on
hypertension medication, chronic corticosteroid use, and
having a bleeding disorder. Also included in the analysis
were indicator variables for having histories of chronic
obstructive pulmonary disease (COPD), a cardiac event
(angina, myocardial infarction, congestive heart failure, or
cardiac surgery), peripheral revascularization or amputa-
tion, and stroke.

Preoperative laboratory results included indicators for
elevated glomerular filtration rate (=120 vs >120 mL/
min/1.73 m?), which was calculated using the Modified
Diet in Renal Disease equation'® (eGFR = 186.3 x serum
creatinine — 1.154 x age —0.203 x 1.212 [if patient is
black] x 0.742 [if female]); and low hematocrit (<40.7%
for men; <36.1% for women). Operative time was included
in analysis as being >90th percentile for minutes in the
operating room. Patients’ American Society of Anesthesiol-
ogists (ASA) Physical Status Classification was included as
being healthy or having mild disease (ASA class 1 or 2),
severe disease (ASA class 3), or systemic disease /moribund
(ASA class 4 or 5).

Postoperative characteristics included postoperative
complications, including indicators for wound and surgical
complications (surgical site and organ space infection,
sepsis, urinary tract infections, wound dehiscence, or graft
failure), respiratory complications (reintubation, failure to
wean, or pneumonia), nervous system complications (post-
operative stroke, coma, or peripheral nerve injury), venous
thromboembolism (VTE), a cardiac event (cardiac arrest or
myocardial infarction), transfusion, and renal complications
(renal insufficiency or failure). Renal complications and
VTE were combined in multivariable analysis as “other
serious complication.” Additional postoperative variables
consisted of LOS in days, and discharge destination to
home, rehabilitation, skilled care facility, and other.

Outcome. Our primary outcome of interest was an
unplanned readmission =30 days after discharge after
a qualifying surgical procedure, defined as any unplanned
inpatient stay at the same or different institution. The asso-
ciation between 30-day readmission and subsequent
30-day mortality was also evaluated.

Analysis. Patients missing observations from variables
with <5% missing were dropped from analysis. An addi-
tional subset of health history variables (stroke history,
coronary event history, and history of surgically treated
peripheral vascular disease) was missing 46% of observa-
tions. Following Hamilton et al,'® an indicator for the
missing values for these variables was included in all
multivariable analysis.
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Table I. Preoperative and sociodemographic
characteristics

0AAA

Variables BPG EVAR repair CEA
Observations, No. 2672 2369 515 5690
Age > 75th percentile,” % 265 285 248 286
Female, % 348 19.0 30.3 409
BMI

Normal, % 303 235 262 229

Overweight, % 357 388 438 383

Obese, % 340 377 300 388
Diabetes, % 412 163 123 302
Smoker, % 436 311 424 276
Dyspnea, % 154 214 16.0 17.5
Functionally dependent, % 7.0 2.0 1.2 3.0
History of COPD, % 131 19.6 186 115
Cardiac event history, % 182 189 143 183
Hypertension medication, % 851 82.0 824 872
Peripheral vascular disease, % 33.3 3.3 34 55
Missing health history, % 46.3 457 515 478
Dialysis, % 39 1.0 NA 1.0
Corticosteroid treatment, % 3.1 3.8 2.8 2.1
History of stroke, % 9.0 6.8 6.3 19.0
Bleeding disorder, % 21.0 115 7.1 207
Normal GFR,” % 8.1 48 3.6 5.8

Low preoperative hematocrit, % 50.8  38.9 364 41.0
Race

White, % 734 836 819 859
Asian, % 1.2 2.1 34 1.6
Black, % 15.9 3.6 4.2 3.5
Other, % 6.3 89 8.7 6.1
Hispanic or Latino, % 32 1.8 1.8 2.9
ASA class
lor2,% 7.6 6.1 6.0 7.2
3,% 765 742 679 788
4o0r5°% 159 197 261 14.0

ASA, American Society of Anesthesiologists; BPG, bypass grafting; BMI,
body mass index; COPD, chronic obstructive pulmonary disease; CEA,
carotid endarterectomy; EVAR, endovascular aneurysm repair; GFR,
glomerular filtration rate; NA, not available; 04AAA, open abdominal aortic
aneurysm.

"Age >75th percentile: 80 years for EVAR, 78 years for CEA and 0AAA,
and 75 years for BPG.

"Normal GFR >120 mL/min/1.73 m?.

“Only 1 patient was documented with ASA class 5.

Tests of significance included Mann-Whitney U tests
for continuous variables and the ¥? test or the Fisher exact
test for categoric variables. Multivariable analyses involved
logistic regression with Huber-White robust standard error
estimates. Descriptive statistics are presented as medians
and interquartile ranges (IQRs) for continuous variables
and as percentages for categoric variables. We report
odds ratios (ORs) with associated robust 95% confidence
intervals (Cls) and associated P values. The C-statistic
details model fit. All analyses were performed using
STATA 10 software (StateCorp LP, College Station,
Tex). A P value of <.05 was considered significant.

RESULTS

Elective vascular operations were performed in 11,242
patients (65.6% men), consisting of BPG in 2672, EVAR in
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Table II. Postoperative characteristics

0AAA
Variables BPG EVAR repair CEA
Observations, No. 2672 2369 515 5690

Events within 30 days
Unplanned readmission, % 15.7 7.6 8.0 6.5

Reoperation, % 13.1 3.6 7.6 3.1
Death, % 0.6 0.4 0.6 0.3
Operation time >90th 10.3  10.1 101 10.1

percentile,” %
Wound/graft complication or 3.8 1.2 6.9 0.5
UTIL, %

Respiratory infection, % 1.2 1.1 10.9 1.4
Renal complication, % 0.2 0.3 3.2 0.1
Cardiac complication, % 1.7 0.5 2.6 1.0
Stroke or nerve injury, % 03 NA NA 0.7
Post-op transfusion, % 209 107 63.4 2.3
Post-op hospital LOS, mean 43 202 7M4) 1
(IQR) days
Discharged to
Home, % 819 943 834 970
Rehabilitation facility, % 7.0 2.4 8.7 1.2
Skilled nursing facility, % 11.1 3.3 7.9 1.8
VTE, % NA 0.2 1.0 NA

BPG, Bypass grafting; CEA, carotid endarterectomy; EVAR, endovascular
aneurysm repair; IOR, interquartile range LOS, length of stay; NA, not
available; 0AAA, open abdominal aortic aneurysm; UTI, urinary tract
infection; VTE, venous thromboembolism.

*Operation time >90th percentile: 228 minutes for EVAR, 167 minutes for
CEA, 355 minutes for oAAA, and 346 minutes for BPG.

2369, oAAA repair in 506, and CEA in 5690. Demo-
graphic characteristics, comorbidities, and laboratory values
for these patients are listed in Table I. Postoperative
descriptive characteristics are summarized in Table II.

Infrainguinal BPG. For all patients undergoing this
intervention, the median postoperative hospital LOS was
4 days (IQR, 3 days). In-hospital postoperative wound/
graft complications occurred in 4% (n = 102) of the
patients, in-hospital cardiac complications in 1.7% (n =45),
respiratory complications in 1.2% (n = 32), and renal
complications in 0.2% (n = 5). In-hospital VTE did not
occur. Thirteen percent (n = 350) of the patients had
reoperation. The overall readmission rate was 16.4% (n =
438), and 15.7% (n = 420) had an unplanned readmission.
Preoperative characteristics and postoperative complica-
tions according to unplanned readmissions after BPG are
summarized in Tables III and IV.

Of the patients who experienced an unplanned read-
mission, 67.9% (n = 285) did not experience a complication
in the inpatient setting. The Fig displays the timing of
complications relative to discharge for patients readmitted
with BPG. All complications more frequently developed
after discharge, with postoperative infection being the
most common. Nevertheless, the occurrence of a complica-
tion in the inpatient setting increased the likelihood of an
unplanned readmission postdischarge (14.0% to 20.6%;
P < .001). Those patients who had an unplanned readmis-
sion experienced a higher likelihood of reoperation (47.4%
vs 6.8%; P < .001) and death (1.9% vs 0.3%; P < .001)
=30 days of surgery.
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Table III. Preoperative and sociodemographic univariable characteristics

BPG EVAR

Variables Readmitted Not readmitted P? Readmitted Not readmitted P?
Observations, No. 418 2254 180 2189
Age >75th percentile, % 26.4 26.6 90 35.6 279 .03
Female, % 379 342 17 244 18.6 .06
BMI

Normal, % 27.1 309 .02 20.6 23.8 45

Overweight, % 33.3 36.1 37.8 389

Obese, % 395 329 41.7 37.3
Diabetes, % 50.0 395 <.001 21.1 15.9 .07
Smoker, % 40.2 442 13 38.3 30.6 .03
Dyspnea, % 19.8 14.5 <.001 27.8 20.8 .03
Functionally dependent 119 6.0 <.001 5.6 2.0 <.001
History of COPD, % 17.6 12.3 <.001 27.8 18.9 <.001
Cardiac event history, % 23.1 17.2 <.001 244 18.5 .05
Hypertension medication, % 87.6 84.5 .10 88.9 81.5 .01
PVD, % 35.7 329 29 39 32 62
Dialysis, % 6.4 34 <.001 1.7 1.0 36
Corticosteroid treatment, % 4.5 2.8 06 6.1 3.7 10
History of stroke, % 10.0 8.9 42 11.7 6.4 01
Bleeding disorder, % 231 20.6 23 17.2 11.0 01
Normal GFR,” % 9.0 7.9 39 2.8 49 19
Low pre-op hematocrit, % 55.7 50.0 04 45.6 38.0 04
Race

White, % 72.6 73.6 02 82.8 83.7 08

Asian, % 0.5 1.3 2.2 2.1

Black, % 18.6 15.4 6.1 34

Other, % 38 6.8 5.6 1.0

Hispanic, % 4.5 3.0 3.3 1.7
ASA class

lor2,% 4.0 8.3 <.001 39 6.3 .32

3, % 729 77.1 739 74.3

4o0r5,% 231 14.7 222 194

ASA, American Society of Anesthesiologists; BMI, body mass index; BPG, bypass grafting; CEA, carotid endarterectomy; COPD, chronic obstructive
pulmonary disease; EVAR, endovascular aneurysm repair; GFR, glomerular filtration rate; 0AAA, open abdominal aortic aneurysm; PVD, peripheral vascular

discase.
*P for variables with multiple categories represents joint significance.
"Normal GFR >120 mL/min/1.73 m?.

In multivariable analysis (Table V), unplanned readmis-
sion was associated with preoperative functional depen-
dence (OR, 1.77; 95% CI, 1.22-2.56), obesity (OR,
1.36; 95% CI, 1.02-1.80), a history of COPD (OR,
1.45; 95% CI, 1.07-1.96), history of cardiac events (OR,
1.41; 95% CI, 1.04-1.91), and ASA class 4 to 5 vs 1 to 2
(OR, 2.11; 95% CI, 1.19-3.72). Prolonged operative
time was also associated with unplanned readmission
(OR, 1.93; 95% CI, 1.40-2.67).

EVAR. For the overall cohort, the median postoperative
hospital LOS was 2 days (IQR, 2 days) for EVAR patients. In-
hospital postoperative wound/graft complications occurred
in just >1% (n = 28) of the patients. In-hospital cardiac
complications occurred in 0.4% (n = 9), renalin 0.3% (n=7),
VTE in 0.2% (n = 5), and respiratory in 1.1% (n = 26).
Reoperation was required in 4% (n = 85). The overall read-
mission rate was 8.2% (n = 194), and 7.6% (n = 180) had an
unplanned readmission. Preoperative characteristics and in-
hospital postoperative complications based on unplanned
readmissions after EVAR are summarized in Tables IITand IV.

Of patients who experienced unplanned readmission,
76.1% (n = 137) did not experience a complication in
the inpatient setting. The Fig displays complications rela-
tive to discharge for patients readmitted with EVAR.
Patients undergoing EVAR experienced complications
most commonly after discharge; however, the occurrence
of'a complication in the inpatient setting increased the like-
lihood of an unplanned readmission (6.6% to 14.4%; P <
.001). Those who experienced an unplanned readmission
had an increased likelihood of reoperation (27.8% vs
1.6%; P < .001) and death (3.9% vs 0.1%; P < .001)
=30 days of surgery.

In multivariable analysis (Table V), unplanned read-
mission was associated with age >75th percentile
(>80 years; OR, 1.50; 95% CI, 1.05-2.13), history of
stroke (OR, 1.89; 95% CI, 1.10-3.25), smoking in the
year before surgery (OR, 1.73;95% CI, 1.21-2.46), post-
operative cardiac arrest or myocardial infarction (OR,
3.70; 95% CI, 1.09-12.6), VTE or renal failure (other
serious complication; OR, 6.14; 95% CI, 1.41-26.81),
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0AAA repair CEA
Readmitted Not readmitted P Readmitted Not readmitted P

41 474 370 5320
26.8 24.9 .79 29.7 28.5 .62
39.0 29.3 .20 39.7 41.0 .62
36.6 259 23 22.7 229 96
43.9 43.2 38.9 38.3

19.5 30.8 38.4 38.8

9.8 12.4 .61 38.6 29.6 <.001
41.5 42.6 .90 26.8 27.7 .69
19.5 15.8 .52 22.4 17.2 .01

4.9 0.8 .02 49 2.9 .03
17.1 19.0 .78 15.1 11.3 .02
14.6 14.3 96 18.1 18.3 .09
92.7 814 07 86.5 87.3 .66

9.8 2.7 02 8.1 54 03

0.0 0.6 61 2.2 0.9 02

4.9 2.5 37 3.0 2.1 26
12.2 6.1 13 23.5 18.7 02
12.2 6.1 22 29.7 20.1 00

4.9 3.4 62 4.1 5.9 13
43.9 36.3 32 48.1 40.5 <.001
82.9 81.2 52 86.2 85.8 97

7.3 3.2 1.9 1.6

24 4.6 3.2 3.5

4.9 9.3 6.2 6.1

2.4 1.7 2.4 2.9

4.9 59 96 5.7 7.3 .03
68.3 67.9 76.0 79.0
26.8 26.2 184 13.8

and discharge to a skilled nursing facility (OR, 2.06; 95%
CI, 1.03-4.14).

0AAA repair. The median postoperative hospital LOS
was 7 days (IQR, 4 days). In-hospital postoperative
wound/graft complications occurred in 7% (n = 36) of the
patients, cardiac in 2.6% (n = 13), renal in 3.2% (n = 16),
VTE in 1.0% (n = 5), and respiratory in 10.9% (n = 56).
Eight percent of the patients had 30-day reoperation. The
overall readmission rate was 8.1% (n = 42), and 8.0% (n =
41) of patients had an unplanned readmission. Preoperative
characteristics and postoperative complications based on
unplanned readmissions after 0AAA repair are summarized
in Tables IIT and IV.

Of those who experienced an unplanned readmission,
87.8% (n = 36) also experienced a complication in the
inpatient setting. In addition, the occurrence of a complica-
tion in the inpatient setting increased the likelihood of
unplanned readmission (3.0% to 10.3%; P < .001). The
Fig displays the number of complications relative to
discharge for patients readmitted with 0AAA repair. Rates

of renal and respiratory complications were comparable in
the inpatient and postdischarge settings, whereas wound
and urinary tract infection rates were higher after discharge.
Those who experienced a postdischarge unplanned read-
mission had a more than threefold likelihood of reopera-
tion (22.0% vs 6.3%; P < .001). Only three patients died
=30 days of surgery.

In multivariable analysis (Table V), unplanned readmis-
sion was associated with postoperative VIE and post-
operative renal failure (OR, 12.4; 95% CI, 2.27-68.0),
postoperative wound/graft complication or urinary tract
infection (OR, 4.80; 95% CI, 1.27-18.12), and postopera-
tive transfusion of >4 units of packed red blood cells (OR,
4.34; 95% CI, 1.71-11.0). Obesity (OR, 0.34; 95% CI,
0.13-0.88) was associated with a lower rate of unplanned
readmission.

CEA. For patients undergoing CEA, the median post-
operative hospital LOS was 1 day (IQR, 1 day). In-hospital
postoperative wound /graft complications occurred in 0.5%
(n = 28) of the patients. In-hospital cardiac complications
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Table IV. Postoperative univariate characteristics
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BPG EVAR

Variables Readmitted  Not readmitted P? Readmitted  Not readmitted P?
Observations, No. 418 2254 180 2189
Events =30 days

Reoperation, % 474 6.8 <.001 27.8 1.6 <.001

Death, % 1.9 0.3 <.001 39 0.1 <.001
Operation time >90th percentile, % 17.1 9.0 <.001 16.1 9.7 <.001
Wound /graft complication or UTI, % 52 3.6 13° 0.6 1.2 72°
Respiratory infection, % 1.9 1.1 14° 2.8 1.0 .05°
VTE, % 0.0 0.1 1.00° 1.7 0.1 <.001°
Renal complication, % 0.2 0.2 1.00° 0.6 0.3 43°
Cardiac complication, % 1.9 1.6 68" 1.7 0.4 05"
Stroke or nerve injury, % 0.2 0.3 1.0° 0.0 0.1 1.00°
Post-op transfusion, % 28.1 19.6 <.001° 20.0 10.1 <.001
Post-op hospital LOS, median (IQR), days 4 (4) 4 (4) <.001 2 (2.5) 2(2) <.001
Discharged to

Home, % 78.1 825 .09 87.2 94.8 <.001

Rehabilitation, % 8.1 6.9 4.4 2.3

SNEF, % 13.8 10.5 8.3 29

BPG, Bypass grafting; CEA, carotid endarterectomy; EVAR, endovascular aneurysm repair; IQR, interquartile range; LOS, length of stay; 0AAA, open
abdominal aortic aneurysm; SNF, skilled nursing facility; UTI, urinary tract infection; VTE, venous thromboembolism.

*P for variables with multiple categories represents joint significance.
®Indicates Fisher exact test rather than ¥ test.

occurred in 1.0% (n = 57) of the patients, renal in 0.2% (n =
11), VTE in 0.1% (n = 6), and respiratory in 1.5% (n = 85).
Three percent (n = 176) of the patients had a 30-day
reoperation. Overall readmission rate was 8.0% (n = 455),
and 6.5% (n = 370) had an unplanned readmission.
Preoperative characteristics and postoperative complica-
tions based on unplanned readmissions after CEA are
summarized in Tables IIT and IV.

Of patients who experienced an unplanned readmis-
sion, 91.3% (n = 338) did not experience a complication
in the inpatient setting. The Fig displays the number of
complications relative to discharge for patients readmitted
with CEA. Complications were markedly more common
after discharge after CEA. However, the occurrence of
a complication in the inpatient setting increased the likeli-
hood of occurrence of unplanned readmission after
discharge (6.2% to 12.1%; P < .001). Those patients who
experienced a postdischarge unplanned readmission had
an increased likelihood of reoperation (19.2% vs 2.0%;
P < .001) and death (2.2% vs 0.2%; P < .001) =30 days
of surgery.

In multivariable analysis (Table V), unplanned readmis-
sion was associated with preoperative conditions posing
higher bleeding risk (OR, 1.63; 95% CI, 1.28-2.07), dia-
betes mellitus (OR, 1.44; 95% CI, 1.15-1.81), a history
of peripheral revascularization or amputation (OR, 1.54;
95% CI, 1.02-2.33), and history of stroke (OR, 1.48;
95% CI, 1.10-2.01). Unplanned readmission was also
associated postoperative cardiac complication (OR, 2.99;
95 CI, 1.29-6.96), and discharge to a rehabilitation facility
(OR, 2.68; 95% CI, 1.18-6.08) or skilled nursing facility
(OR, 2.05; 95% CI, 1.08-3.86).

DISCUSSION

The readmission rates after vascular procedures in
NSQIP differ from those previously reported rates using
Medicare data. We found overall (planned and unplanned)
readmission rates of 16.4%, 8.2%, 8.1%, and 8.0% after
BPG, EVAR, 0AAA repair, and CEA, respectively. Jencks
et al,! using 2003 to 2004 Medicare claims data, found
a much higher readmission rate of 23.9% for patients under-
going vascular surgery. Moreover, our own group found
overall readmission rates of 13.3% for EVAR and 12.8%
for 0AAA repair using the 2004 to 2006 CMS Chronic
Conditions Warehouse. Alternatively, Jackson et al,® in
a single-institutional evaluation, recently reported rates
similar to those in the present study, with overall
(unplanned) 30-day readmission rates of 11.9% (8.9%) for
vascular surgery patients and 14.6% for patients after BPG.
These differences are likely related to differences in the
NSQIP vs CMS (Medicare ) databases. Interestingly, a recent
study’® compared NSQIP and Medicare readmission data
with hospital records and found that both had excellent
accuracy (>99% for both), but only NSQIP categorizes
readmission as planned or unplanned (95.7% accuracy).
Given the accuracy of both data sets, the higher rate of read-
mission seen in the Medicare population is at least partly
related to the inclusion of planned readmissions in the
Medicare analyses. Moreover, a higher burden of morbidity
among older Medicare patients may also contribute to
a higher rate of readmission; our analysis of NSQIP data
included a significant number of patients aged <65 years.'”

Another important factor that may contribute to the
lower readmission rates in NSQIP is that NSQIP-defined
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0AAA repair CEA
Readmitted Not readmitted P Readmitted Not readmitted P
4] 474 370 5320
22.0 6.3 <.001° 19.2 2.0 <.001
2.4 0.4 22 2.2 0.2 <.001
9.8 10.1 94 11.4 10.0 37
14.6 6.5 10° 0.3 0.5 1.00°
12.2 11.6 80° 3.0 1.4 .02°
49 0.6 05° 0.0 0.1 1.00°
7.3 2.7 13° 0.5 0.1 11°
2.4 3.0 1.00° 3.2 0.8 <.001°
0.0 1.3 1.00° 0.5 0.7 1.00°
85.4 62.2 <.001° 49 22 .01
8 (3) 7 (4) 02 1(1) 1(1) <.001
73.2 84.0 17 93.5 97.2 <.001
12.2 8.6 2.7 1.1
14.6 7.4 3.78 1.67

readmissions are measured 30 days from the surgical proce-
dure (including the postoperative LOS), whereas Medicare
readmission is measured 30 days from the date of discharge.
Thus, depending on the hospital LOS, the period of
measurement for Medicare may be substantially longer
than for NSQIP, where the time measured after hospital
discharge will be significantly less than 30 days (less the
hospital LOS, which for 0AAA repair, for example, is 7 days).

Practice-based interventions designed to reduce read-
mission rates require a thorough grasp of the contributing
clinical factors. With this in mind, we analyzed four major
vascular procedures. Preoperative functional status and
higher ASA class were associated with unplanned readmis-
sions after BPG. These characteristics have been previously
associated with 30-day mortality."® Obesity and history of
cardiac events were also associated with unplanned read-
missions after BPG. Obesity was associated with decreased
readmissions after oAAA repair. Although the reasons are
uncertain, obesity has largely not been shown to be associ-
ated with postoperative morbidity and mortality after
0AAA repair.®'¥ COPD and smoking were associated
with higher readmissions after BPG and EVAR, probably
due to a greater number of pulmonary complications. Dia-
betes mellitus was associated with unplanned readmissions
after CEA; previous studies have documented an increased
incidence of restenosis, occlusion, stroke, and death after
CEA for patients with diabetes.®>*?! As expected, patients
with preoperative conditions posing a higher bleeding risk
and symptomatic patients had a higher readmission risk
after CEA. Although racial disparity in surgical outcomes
is well documented, race was not consistently associated
with unplanned readmission in our analyses.?*

Similar to preoperative comorbidities, postoperative
complications had a strong association with postoperative
unplanned readmissions. Postoperative wound and urinary
tract complications were associated with a four times
adjusted higher risk of an unplanned readmission for
0AAA repair. Measures to reduce infection rates may lead
to a corresponding reduction in unplanned readmissions.
More importantly, when infection is recognized, better
management might mitigate the need for readmission.
Although postoperative  VIE and renal failure were
uncommon (<1% of patients) and occurred most
commonly after discharge, these complications were
strongly associated with readmission risk. Routine chemical
and mechanical prophylaxis of hospitalized patients and
postdischarge prophylaxis of at-risk patients may further
reduce readmission.”® As expected, postoperative myocar-
dial infarction and renal failure were also associated with
readmission for selected vascular procedures.

Similar to our prior findings,” multivariate analyses
showed discharge to a skilled nursing or rehabilitation
facility was associated with readmission after EVAR and
CEA but not BPG and 0AAA repair. Age, functional status,
and postoperative complications may mediate the relation-
ship between discharge disposition and readmission after
BPG and 0AAA repair. The C-statistics for our multivariate
analyses ranged from 0.63 for CEA to 0.79 for oAAA
repair. This is consistent with the model fit reported for
similar models using clinical and claims data to predict
30-day readmissions.**

An interesting study finding was that complications
eventually leading to readmission more often developed
after discharge than during the index admission. For those
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Number of complications pre- and post-
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Number of complications pre- and post-

discharge for patients readmitted after CEA
(N=370)
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Fig. Incidence of complications in the hospital and after discharge by procedure. BPG, Bypass grafting; CEA, carotid
endarterectomy; EVAR, endovascular aneurysm repair; 0AAA, open abdominal aortic aneurysm; UTT, urinary tract

infection; VTE, venous thromboembolism.

complications leading to readmission that were initially
recognized at the time of the index admission, it could
be argued that more aggressive initial or on going manage-
ment might lead to fewer readmissions. This could include
hospitalizing patients longer or, alternatively, patients with
recognized in-hospital postoperative complications might
be discharged to skilled nursing facilities so their ongoing
medical or surgical issues could be more aggressively
managed.

Complications leading to readmission that develop
after discharge may need to be addressed in a different
manner. Early recognition of these complications would
be optimal at a point where they might be managed on
an outpatient basis before becoming sufficiently problem-
atic that hospitalization is required. For example, wound
infections leading to readmission appear to develop
frequently after hospital discharge. Measures that would
allow early recognition of wound infection and appropriate
outpatient treatment might prevent these infections from
progressing to a stage where intravenous antibiotics or
wound drainage becomes necessary. This might be accom-
plished by early follow-up or improved patient education
with the goal of enhancing early recognition.

It is also possible that the complications that are first
identified after discharge are actually present during the
index admission but not recognized. For example, a patient

may have shortness of breath that is not recognized at the
time of discharge; the patient then presents 24 hours later
in florid pulmonary edema.

These findings suggest that strategies to prevent read-
mission will need to be tailored according to whether
complications develop during the initial hospitalization or
after the patient is discharged. Although it is inductive,
further study is needed to be certain that early identifica-
tion and management of complications would result in
reduced unplanned readmission rates.

Unplanned readmission was frequently associated with
reoperation. Although EVAR and CEA had low rates of
30-day reoperation, 28% of unplanned readmissions after
EVAR and 19% after CEA were associated with a reopera-
tion. Thirty-day reoperations were more common after
0AAA repair (7.6%) and BPG (13.1%), with 23% of
unplanned readmissions after oAAA repair and 47% of
unplanned readmissions after BPG being associated with
a reoperation. Careful evaluation of patients with postoper-
ative complications and close postdischarge surveillance
might decrease returns to the operating room and
unplanned readmission. It is important to note that for
BPG patients, many of the unplanned returns to the oper-
ating room may have been for amputations.

Our results must be interpreted in the context of several
limitations. In NSQIP, the exact timing of readmission is
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BPG (n = 2672")

EVAR (n = 2369")

0AAA repair (n = 500")

CEA (n = 5690")

Variables OR’ (95% CI) P OR’ (95% CI) P OR'’ (95% CI) P OR’ (95% CI) P
Female 2(0.89-141) .35 1.26(0.85-1.88) .25 1.25 (0.61-2.55) 55 099 (0.77-1.24) 91
Age >75th percentile 09 (0.68-1.18) 44 1.50(1.05-2.13) .03  0.83(0.34-2.03) 55 099 (.077-1.28) .96
BMI
Overweight 1.03 (0.77-1.37) .84 1.36 (0.87-2.11) .14  0.67 (0.29-1.55) .35 1.05 (0.79-1.39) .75
Obese 1.36 (1.02-1.80) .03 1.55(0.98-2.45) .06  0.34 (0.13-0.88) .03 094 (0.70-1.27) .7
Diabetes 1.21 (0.96-1.53) .11 1.22(0.82-1.82) .32  0.77 (0.20-2.96) .70 1.44 (1.15-1.81) .002
Smoker 0.89 (0.70-1.13) .32 1.73 (1.21-246) .003 0.91 (0.41-2.05) 83 096 (0.74-1.25) .77
Dyspnea 1.21 (091-1.61) .19 1.23(0.82-1.83) .31 1.36 (0.45-4.05) 59 0 1.29(0.99-1.69) .06
Functionally dependent  1.77 (1.22-2.56) .003 1.59 (0.71-3.55) .26  1.07 (0.17-6.85) .94 1.19 (0.70-2.02) .53
History of COPD 1.45 (1.07-1.96) .02 1.27(0.85-1.90) .24  0.90 (0.31-2.62) .85 1.23 (0.89-1.68) .21
Cardiac event history 141 (1.04-191) .03 1.33(0.86-2.03) .20  0.54 (0.17-1.68) 29 0.8 (0.58-1.10) .17
Hypertension 0.99 (0.71-1.37) 94 1.57(0.94-2.61) .08 4.27 (0.98-18.6) .05 0.81(0.59-1.12) .21
medication
Peripheral vascular 1.29 (0.92-1.80) .14 0.78 (0.32-1.94) .60  2.66 (0.52-13.5) 24 1.54(1.02-2.33) .04
disease
Missing health history 1.49 (1.08-2.05) .01 1.06 (0.73-1.55) .76  0.51 (0.21-1.23) 13 1.27 (0.95-1.70) .1
Dialysis 1.29 (0.79-2.12) .30 1.72(0.49-5.97) .39 NA 1.75(0.78-391) .17
Corticosteroid treatment 1.58 (0.90-2.79) .11  1.64 (0.85-3.18) .14  2.08 (0.30-14.6) 46 136 (0.72-2.60) .35
History of stroke 098 (0.67-1.43) 90 1.89(1.10-3.25) .02  1.66 (0.52-5.31) .39 1.48(1.10-2.01) .01
Bleeding disorder 1.04 (0.80-1.35) .79 1.51(0.98-2.32) .06 1.87(0.67-5.23) 24 1.63 (1.28-2.07)
Normal GFR® 1.3(0.89-190) .18 0.54 (0.22-1.35) .19  2.24 (0.34-14.9) 41 0.66 (0.39-1.11) .12
Low preoperative 1.01 (0.79-1.28) 96 1.18 (0.83-1.67) .35 1.18 (0.55-2.54) .67 122 (097-1.53) .09
hematocrit
Operation time >90th ~ 1.93 (1.40-2.67) 141 (0.87-2.31) .16  0.49 (0.10-2.34) .37 1.09 (0.77-1.55) .62
percentile
Wound /graft 1.22 (0.72-2.07) 47 0.28 (0.03-2.92) 29 4.80(1.27-18.12) .02  0.28 (0.05-1.69) .16
complication or UTI
Respiratory infection 1.43 (0.56-3.64) 45 1.20(0.33-445) .78  0.67 (0.15-2.95) .60 1.35(0.55-3.31) .52
Other serious 0.48 (0.05-4.69) .53 6.14 (1.41-26.81) .02 12.4 (2.27-68.0) .01 090 (0.22-3.57) .88
complication
Cardiac complication 0.95(0.39-2.31) 91 3.70(1.09-12.58) .04  0.50 (0.05-4.87) 55 299 (1.29-6.96) .01
Stroke or nerve injury 0.61 (0.07-5.29) .65 NA NA 0.52 (0.09-3.01) 46
Postoperative 1.19 (0.91-1.56) .21 1.55(0.96-2.52) .07 4.34(1.71-10.99) .002 1.28 (0.71-2.31) .42
transfusion
Postoperative hospital 0.99 (0.97-1.01) .33 0.97 (0.90-1.03) .22  0.93 (0.86-1.01) .09  098(0.93-1.03) .35
LOS
Race
Asian 0.34 (0.07-1.62) .18 1.29 (0.43-3.85) .65 3.41(091-12.81) .07 1.16(0.52-2.60) .72
Black 1.15(0.86-1.54) .34 1.54 (0.75-3.15) .24  0.40 (0.04-3.76) 41 078 (0.42-144) 42
Other 0.55(0.32-0.95) .03 0.65(0.33-1.26) .15  0.37 (0.08-1.81) 22 1.02 (0.65-1.60) .92
Hispanic 1.51 (0.87-2.60) .14 2.33(0.91-597) .07  2.32(0.40-13.32) .35 0.73(0.37-1.46) .38
ASA class
3 1.57 (0.94-2.62) .08 23 (0.56-2.73) .61 1.17 (0.26-5.32) .84  1.04 (0.65-1.66) .87
4or5 2.11 (1.19-3.72) .01 1.13(0.48-2.66) .79 0.9 (0.17-4.69) 9 1.19 (0.70-2.01) .52
Discharged to
rehabilitation 91 (0.59-1.41) .64 140 (0.56-3.49) 47 1.2 (0.39-3.66) 75  2.68 (1.18-6.08) .02
SNF 1.09 (0.77-1.54) .65 2.06 (1.03-4.14) .04 4 (0.50-6.03) .38 2.05(1.08-3.86) .03
Area under ROC curve  0.65 0.69 0.80 0.63

ASA, American Society of Anesthesiologists; BMI, body mass index; BPG, bypass grafting; CEA, carotid endarterectomy; COPD, chronic obstructive
pulmonary disease; EVAR, endovascular aneurysm repair; GFR, glomerular filtration rate; LOS, length of stay; NA, not available; 0AAA, open abdominal
aortic aneurysm; SN, skilled nursing facility; ROC, receiver operating characteristic; UTT, urinary tract infection.
“Indicates number of observations.
PReference categories: normal BMI, white race, ASA class 1 or 2, discharged to home.
“Normal GFR >120 mL/min/1.73 m?.

not specified, and confounders, such as patient socioeco-

nomic status and hospital-level and region-level variation,
are not available. Moreover, outcomes >30 days are not
available in NSQIP, limiting our ability to assess long-term
surgical outcomes. Being an observational study, causality
cannot be determined.

Interestingly, the preoperative comorbidities or post-
operative complications that predisposed to unplanned
readmission were different for all four vascular procedures
studied. This implies that factors predisposing patients to
readmission vary depending on the surgical procedure

and raises the possibility that interventions to reduce
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readmissions may be different for each of these interven-
tions. Consistent with this finding, interventions to reduce
readmissions have produced variable results in distinct
patient populations and clinical care settings.””

CONCLUSIONS

Although vascular surgery has the highest readmission
rate second only to congestive heart failure,’ there is a lack
of national and clinically relevant information on this
subject. This study uses validated, multicenter data to char-
acterize the clinical correlates of unplanned readmission
after four commonly performed vascular operations—BPG,
EVAR, 0AAA repair, and CEA. Select comorbidities and
other postoperative adverse events unduly contribute to
the unplanned readmissions after vascular surgery. Inter-
ventions designed to mitigate these factors will likely
reduce unplanned readmissions as well as the correspond-
ing mortality for vascular patients and the associated
health-care costs.

AUTHOR CONTRIBUTIONS

Conception and design: PG, BR

Analysis and interpretation: ST, TE, CK

Data collection: PG, BR

Writing the article: PG, ST, BR, TE

Ciritical revision of the article: CK

Final approval of the article: PG, ST, BR, TE, CK
Statistical analysis: PG, ST, BR

Obtained funding: Not applicable

Overall responsibility: PG

REFERENCES

1. Jencks SF, Williams MV, Coleman EA. Rchospitalizations among
patients in the Medicare fee-for-service program. N Engl ] Med
2009;360:1418-28.

2. Department of Health and Human Services. Centers for Medicare &
Medicaid Services. 42 CFR Parts 412, 418, 482, et al. Medicare
Program; Hospital Inpatient Medicare program; hospital inpatient
prospective payment systems for acute care hospitals and the long-term
care hospital prospective payment system and proposed fiscal year 2014
rates; quality reporting requirements for specific providers; hospital
conditions of participation. Federal Register, May 2013, Vol 78, No
91. Available at: http://www.gpo.gov/tdsys/pkg,/FR-2013-05-10/
pdf/2013-10234 .pdf. Accessed August 8, 2013.

3. Hackbarth G, Reischauer R, Miller M. Report to the Congress:
promoting greater efficiency in Medicare. Wash D.C.: Medicare
Payment Advisory Commission; 2007.

4. McPhee JT, Barshes NR, Ho KJ, Madenci A, Ozaki CK, Nguyen LL,
et al. Predictive factors of 30-day unplanned readmission after lower
extremity bypass. ] Vasc Surg 2013;57:955-62.

5. McPhee JT, Nguyen LL, Ho KJ, Ozaki CK, Conte MS, Belkin M. Risk
prediction of 30-day readmission after infrainguinal bypass for critical
limb ischemia. J Vasc Surg 2013;57:1481-8.

6. Jackson BM, Nathan DP, Doctor L, Wang GJ, Woo EY, Fairman RM.
Low rehospitalization rate for vascular surgery patients. J Vasc Surg
2011;54:767-72.

7. Giles KA, Landon BE, Cotterill P, O’Malley AJ, Pomposelli FB,
Schermerhorn ML. Thirty-day mortality and late survival with rein-
terventions and readmissions after open and endovascular aortic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

JOURNAL OF VASCULAR SURGERY
February 2014

aneurysm repair in Medicare beneficiaries. ] Vasc Surg 2011;53:
6-12,13.

. Greenblatt DY, Greenberg CC, Kind AJ, Havlena JA, Mell MW,

Nelson MT, et al. Causes and implications of readmission after
abdominal aortic aneurysm repair. Ann Surg 2012;256:595-605.

. Brooke BS, Goodney PP, Powell RJ, Fillinger MF, Travis LL,

Goodman DC, et al. Early discharge does not increase readmission or
mortality after high-risk vascular surgery. J Vasc Surg 2013;57:734-40.
Bilimoria KY, Cohen ME, Ingraham AM, Bentrem DJ, Richards K,
Hall BL, et al. Effect of postdischarge morbidity and mortality on
comparisons of hospital surgical quality. Ann Surg 2010;252:183-90.
Shiloach M, Frencher SK Jr, Steeger JE, Rowell KS, Bartzokis K,
Tomeh MG, et al. Toward robust information: data quality and inter-
rater reliability in the American College of Surgeons National Surgical
Quality Improvement Program. J Am Coll Surg 2010;210:6-16.
Khuri SF, Daley ], Henderson W, Barbour G, Lowry P, Irvin G, et al.
The National Veterans Administration Surgical Risk Study: risk
adjustment for the comparative assessment of the quality of surgical
care. ] Am Coll Surg 1995;180:519-31.

Khuri SF, Daley J, Henderson W, Hur K, Gibbs JO, Barbour G, et al.
Risk adjustment of the postoperative mortality rate for the comparative
assessment of the quality of surgical care: results of the National
Veterans Affairs Surgical Risk Study. ] Am Coll Surg 1997;185:315-27.
Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more
accurate method to estimate glomerular filtration rate from serum
creatinine: a new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann Intern Med 1999;130:461-70.

Hamilton BH, Ko CY, Richards K, Hall BL. Missing data in the
American College of Surgeons National Surgical Quality Improvement
Program are not missing at random: implications and potential impact
on quality assessments. ] Am Coll Surg 2010;210:125-39.

Sellers MM, Merkow RP, Halverson A, Hinami K, Kelz RR,
Bentrem DJ, et al. Validation of new readmission data in the American
College of Surgeons National Surgical Quality Improvement Program.
J Am Coll Surg 2013;216:420-7.

Atkinson JG. Flaws in the Medicare readmission penalty. N Engl ] Med
2012;367:2056-7.

Gupta PK, Ramanan B, Lynch TG, Sundaram A, MacTaggart JN,
Gupta H, et al. Development and validation of a risk calculator for
prediction of mortality after infrainguinal bypass surgery. J Vasc Surg
2012;56:372-9.

Ramanan B, Gupta PK, Sundaram A, Gupta H, Johanning JM,
Lynch TG, et al. Development of a risk index for prediction of
mortality after open aortic aneurysm repair. J Vasc Surg 2013;58:
871-8.

Lal BK, Beach KW, Roubin GS, Lutsep HL, Moore WS, Malas MB,
ct al. Restenosis after carotid artery stenting and endarterectomy:
a secondary analysis of CREST, a randomised controlled trial. Lancet
Neurol 2012;11:755-63.

Sidawy AN, Zwolak RM, White RA, Siami FS, Schermerhorn ML,
Sicard GA. Risk-adjusted 30-day outcomes of carotid stenting and
endarterectomy: results from the SVS Vascular Registry. J Vasc Surg
2009;49:71-9.

Esnaola NF, Hall BL, Hosokawa PW, Ayanian JZ, Henderson WG,
Khuri SF, et al. Race and surgical outcomes: it is not all black and white.
Ann Surg 2008;248:647-55.

Ramanan B, Gupta PK, Sundaram A, Lynch TG, MacTaggart JN,
Baxter BT, et al. In-hospital and postdischarge venous thromboem-
bolism after vascular surgery. ] Vasc Surg 2013;57:1589-96.
Kansagara D, Englander H, Salanitro A, Kagen D, Theobald C,
Freeman M, et al. Risk prediction models for hospital readmission:
a systematic review. JAMA 2011;306:1688-98.

Hansen LO, Young RS, Hinami K, Leung A, Williams MV. Inter-
ventions to reduce 30-day rehospitalization: a systematic review. Ann
Intern Med 2011;155:520-8.

Submitted Jul 13, 2013; accepted Sep 2, 2013.


http://refhub.elsevier.com/S0741-5214(13)01646-7/sref1
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref1
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref1
http://www.gpo.gov/fdsys/pkg/FR-2013-05-10/pdf/2013-10234.pdf
http://www.gpo.gov/fdsys/pkg/FR-2013-05-10/pdf/2013-10234.pdf
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref2
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref2
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref2
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref3
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref3
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref3
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref4
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref4
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref4
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref5
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref5
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref5
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref6
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref6
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref6
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref6
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref6
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref7
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref7
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref7
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref8
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref8
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref8
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref9
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref9
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref9
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref10
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref10
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref10
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref10
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref11
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref11
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref11
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref11
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref12
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref12
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref12
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref12
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref13
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref13
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref13
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref13
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref14
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref14
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref14
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref14
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref15
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref15
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref15
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref15
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref16
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref16
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref17
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref17
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref17
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref17
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref18
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref18
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref18
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref18
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref19
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref19
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref19
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref19
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref20
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref20
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref20
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref20
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref21
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref21
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref21
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref22
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref22
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref22
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref23
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref23
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref23
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref24
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref24
http://refhub.elsevier.com/S0741-5214(13)01646-7/sref24

	Unplanned readmissions after vascular surgery
	Methods
	Data set
	Cohort and variables
	Outcome
	Analysis

	Results
	Infrainguinal BPG
	EVAR
	oAAA repair
	CEA

	Discussion
	Conclusions
	Author contributions
	References


