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ABSTRACT
BACKGROUND Revascularization is important for symptom treatment and limb salvage in peripheral artery disease,
yet little data exist on the incidence of post-procedure major adverse limb events (MALE) and longer-term outcomes.
OBJECTIVES This study sought to characterize hospitalizations and outpatient endovascular revascularizations after
peripheral artery revascularization, assess temporal trends for outcomes, and identify factors associated with subsequent
MALE hospitalization.
METHODS Patients undergoing peripheral artery revascularization between January 1, 2009, and September 30, 2014,
in the Premier Healthcare Database were examined for the primary outcome of 1-year MALE hospitalization. Secondary
outcomes included 1-year outpatient endovascular revascularization and limb-related, cardiovascular, and all-cause
inpatient hospitalizations. Multivariable logistic regression was used to identify factors associated with 1-year MALE
hospitalization.
RESULTS Among 381,415 revascularized patients, within 1 year post-index revascularization, 10.3% (n ¼ 10,182) had
a hospitalization for MALE, 11.0% (n ¼ 42,056) had an outpatient endovascular revascularization, 18.8% (n ¼ 71,663)
had a limb-related hospitalization, 12.8% (n ¼ 48,875) had a cardiovascular hospitalization, and 38.9% (n ¼ 148,457)
had any inpatient hospitalization. Over the study period, limb-related, cardiovascular, and all-cause hospitalizations
decreased, whereas rates of outpatient endovascular revascularizations increased. Male sex, black race, Medicare and
Medicaid insurance, diabetes, renal insufﬁciency, heart failure, smoking, baseline critical or acute limb ischemia,
surgical revascularization, and noncardiology operator specialty were signiﬁcantly associated with increased risk of
MALE hospitalization.
CONCLUSIONS In contemporary practice, hospitalization for MALE occurs in 1 in 10 patients within 1 year after
peripheral revascularization and is associated with patient and procedural factors. These data may inform efforts
to improve post-procedure outcomes and limb-related clinical trial design. (J Am Coll Cardiol 2018;72:999–1011)
© 2018 by the American College of Cardiology Foundation.
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P

ABBREVIATIONS
AND ACRONYMS

eripheral artery disease (PAD) is a

METHODS

highly prevalent condition, affecting
w8.5 million Americans older than

DATA SOURCE. Data for this study were from the

age 40 years and >200 million people

Premier Healthcare Database, which at the time of

worldwide (1,2). PAD is associated with sig-

analysis contained de-identiﬁed data from >687

niﬁcant limb-related morbidity and mortal-

million patient encounters, or approximately 1 in

ity, as well as decreased quality of life (2).

every 5 discharges in the United States. The Premier

Due to concomitant atherosclerotic disease

database

in other vascular beds and medical comor-

discharge ﬁles (e.g., demographic information and

bidities, patients with PAD are also at risk

disease state); data from billed services, including

for cardiovascular events (3,4). Peripheral

medications, laboratory tests performed, and diag-

artery revascularization can help to improve

nostic and therapeutic services; and information on

event(s)

symptoms and quality of life in PAD pa-

hospital characteristics. The Premier database pro-

MI = myocardial infarction

tients with claudication, while among pa-

vides

OR = odds ratio

tients with critical limb ischemia (CLI) and

hospital-based outpatient visits from geographically

acute

ALI = acute limb ischemia
CI = conﬁdence interval
CLI = critical limb ischemia
CPT = Current Procedural
Terminology

HR = hazard ratio
ICD-9 = International
Classiﬁcation of Diseases-9th
Revision

MALE = major adverse limb

PAD = peripheral artery
disease

limb

ischemia

a

contains

data

comprehensive

from

view

standard

of

hospital

inpatient

and

(ALI),

goals

of

diverse hospitals, and patient-related data are pro-

include

relief

of

vided by the hospital for all payers and therapeutic

ischemic pain, limb salvage, and improved

areas. Patients can be tracked across all inpatient and

wound healing.

hospital-based visits with a unique identiﬁer within a

revascularization

may

single hospital system that shares the same billing
SEE PAGE 1012

infrastructure.

Despite potential beneﬁts of peripheral revascularization, post-procedure risk for limb and cardiovascular events is elevated above that of patients
with stable, unrevascularized PAD (5–7). In addition,
rates of rehospitalization after vascular procedures
have been high (8–10), and there has been a current
focus by payers and hospital systems on reducing 30day readmissions among high-risk populations (11).
Recent studies have consequently examined readmissions among patients hospitalized for CLI, a highrisk subgroup with advanced PAD (12–14). Although
these studies provide important insight into the
burden of hospital readmissions among CLI patients,
better understanding of subsequent inpatient and
outpatient and longer-term outcomes for all PAD patients undergoing peripheral revascularization could
help to optimize care for this broader population.
Furthermore, there is growing interest in assessing
limb-speciﬁc endpoints, particularly major adverse
limb events (MALE), for PAD patients enrolled in
cardiovascular outcomes clinical trials (4,6,15–17), yet
little data on the incidence of MALE from contem-

STUDY POPULATION. Patients $18 years of age with

an inpatient or outpatient encounter with at least
1 International Classiﬁcation of Diseases-9th Revision
(ICD-9) discharge diagnosis code for PAD and at
least 1 ICD-9 procedure code or Current Procedural
Terminology (CPT) code for a peripheral endovascular
or surgical revascularization procedure who were
discharged between January 1, 2009, and September
30, 2014, were considered for inclusion in this study
(Online Appendix). The time frame of the study was
chosen to allow for 1 year follow-up for outcomes
through September 30, 2015, while avoiding the
transition from ICD-9 to ICD-10 codes. For patients
with multiple peripheral revascularization encounters during the study period, the ﬁrst qualifying procedure was considered the index encounter. Patients
with missing age, sex, or death during the index
encounter and those who were transferred to another
acute-care facility or to hospice or who were treated
at a hospital without any peripheral revascularization
procedures within 1 year before the index encounter
were excluded from the study sample.

porary, observational studies exist. Using a nation-

OUTCOMES. The primary outcome of interest was

wide, all-comer health care database, we therefore

inpatient hospitalization for MALE, deﬁned as ALI

sought to: 1) assess rates of subsequent inpatient

(including thrombectomy and thrombolysis), major

hospitalization, focusing on admission for MALE, and

amputation (at or above the ankle), or surgical pe-

outpatient

procedures

ripheral revascularization. Secondary outcomes of

within 1 year after peripheral artery revasculariza-

interest included outpatient endovascular peripheral

tion; 2) assess temporal trends for these outcomes;

revascularization, limb-related inpatient hospitaliza-

and 3) identify factors associated with 1-year MALE

tion, cardiovascular inpatient hospitalization, and all-

hospitalization.

cause

endovascular

peripheral

inpatient

hospitalization.

Outcomes

were
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abstracted from the ICD-9 and CPT codes of each

developed to identify factors associated with 1-year

hospitalization (Online Appendix) and assessed at

hospitalization for MALE among the subsets of pa-

30 days and 1 year after discharge from the index

tients with: 1) inpatient index encounters; and 2)

revascularization. Relevant ICD-9 and CPT codes

outpatient index encounters. For the model with only

were selected by consensus of the investigators and

inpatient index encounters, the following covariates

based on published data (12,13,18–22). Hospitaliza-

were included for adjustment in addition to those

tions were categorized as limb-related, cardiovascu-

listed previously: discharge medication (aspirin,

lar, or other. Limb-related hospitalizations included

P2Y 12

those for MALE, those involving an inpatient endo-

inhibitor or angiotensin receptor blocker, statin,

vascular peripheral revascularization procedure, or

nonstatin lipid-lowering therapy, beta-blocker, oral

those associated with a PAD diagnosis code in the

anticoagulant, cilostazol), hospital length of stay, and

primary position that otherwise did not qualify for

in-hospital events (myocardial infarction [MI], stroke,

MALE

endovascular

ALI, bleeding). Medication use during the last 2 days

peripheral revascularization (termed other limb-

of inpatient encounters was used as a proxy for

related hospitalizations). Hospitalizations with a

discharge medications, which were unavailable in the

cardiovascular-related ICD-9 code in the primary

database. For all regression analyses, results were

position were classiﬁed as cardiovascular. Hospitali-

reported as odds ratio (OR) and 95% conﬁdence in-

zations not qualifying for limb-related or cardiovas-

terval (CI), and an alpha of <0.05 was considered

cular causes were classiﬁed as other. Categories were

statistically signiﬁcant. Due to limited mortality data,

not necessarily mutually exclusive, and encounters

which were only available for inpatient deaths

could be classiﬁed into multiple categories.

occurring in a Premier hospital, censoring for death

or

involve

an

inpatient

inhibitor,

angiotensin-converting

enzyme

was not performed. All analyses were performed by
STATISTICAL

ANALYSIS. Baseline

variables were

examined among the overall population and among

Premier, Inc. using SAS software version 9.4 (SAS
Institute, Cary, North Carolina).

patients with versus without 1-year hospitalization
for MALE. Categorical variables were presented as

RESULTS

number (percentage) and compared using chi-square
tests, and continuous variables were presented as

BASELINE CHARACTERISTICS. A total of 381,415

median (interquartile range) and compared using

revascularized PAD patients were included in the

Mann-Whitney U tests. Outcomes of subsequent

ﬁnal analysis population. Baseline patient, visit, and

outpatient

re-

hospital characteristics are presented in Table 1.

vascularizations and inpatient hospitalizations were

Overall, the median patient age was 69 years, 41.7%

assessed across the overall study period as well as

were women, and most patients were white and

endovascular

peripheral

within individual years to describe temporal trends.

insured by Medicare. There was a signiﬁcant burden

Multivariable logistic regression was used to iden-

of medical comorbidities in this population, including

tify factors associated with hospitalization for MALE

71.0% with hypertension, 39.7% with diabetes, 53.4%

within

with ischemic heart disease, 35.8% with current or

1

year

after

discharge

from

the

index

encounter. The following covariates, chosen based on

former tobacco use, and 22.7% with renal insufﬁ-

clinical judgment and database availability, were

ciency. Symptomatic PAD was the indication for

included for adjustment: patient demographics (age,

revascularization for 70.7% of patients, with CLI and

sex, race, payer type); comorbidities identiﬁed at

ALI accounting for 26.2% and 3.2% of procedures,

admission or within 1 year before the index encounter

respectively.

(cerebrovascular disease, chronic pulmonary disease,

performed in the inpatient setting, and 77.3% of all

Two-thirds

of

procedures

were

renal insufﬁciency, prior stroke or transient ischemic

procedures were performed via an endovascular only

attack, obesity, hypertension, diabetes, hyperlipid-

approach. Both inpatient and outpatient procedures

emia, heart failure, ischemic heart disease, atrial

were performed mainly by cardiology or vascular

ﬁbrillation or ﬂutter, current or former smoker); visit

surgery specialists; slightly less than one-ﬁfth of

characteristics

revascularization;

procedures were also performed by radiology and

inpatient or outpatient status; endovascular, surgical,

general surgery specialists. One-half of all index

or hybrid revascularization; discharge status; pro-

procedures were performed in the South, 90% were in

cedure operator specialty); and hospital characteris-

urban institutions, and 47.8% were at teaching hos-

tics (rural or urban, teaching status, geographic

pitals. Among inpatient index encounters, the me-

region, bed size). Secondary models were also

dian length of stay was 4 days, and 67.3% of patients

(indication

for

1001

1002
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T A B L E 1 Baseline Characteristics

Overall Study Population
(N ¼ 381,415)

Without 1-Year Hospitalization
for MALE (n ¼ 342,094)

With 1-Year Hospitalization
for MALE (n ¼ 39,321)

p Value*

Standardized
Difference†

69 (61–77)

69 (61–77)

66 (58–75)

<0.0001

0.18

Demographics
Age, yrs

<0.0001

Age group
18–64 yrs

137,046 (35.9)

120,109 (35.1)

16,937 (43.1)

0.16

65–74 yrs

122,832 (32.2)

110,626 (32.3)

12,206 (31.0)

0.03

>75 yrs

121,537 (31.9)

111,359 (32.6)

10,178 (25.9)

159,193 (41.7)

143,714 (42.0)

15,479 (39.4)

White

278,084 (72.9)

251,526 (73.5)

26,558 (67.5)

Black

48,780 (12.8)

41,566 (12.2)

7,214 (18.3)

0.17

Other

54,551 (14.3)

49,002 (14.3)

5,549 (14.1)

0.01

71,521 (18.8)

64,349 (18.8)

7,172 (18.2)

0.02

266,450 (69.9)

239,899 (70.1)

26,551 (67.5)

0.06

Female

0.13

<0.0001

Primary payer
Medicare

0.05

<0.0001

Race

Commercial

0.15
<0.0001

Medicaid

25,539 (6.4)

21,165 (6.2)

3,372 (8.6)

0.09

Other

18,905 (5.0)

16,681 (4.9)

2,224 (5.7)

0.04

Cerebrovascular disease

72,072 (18.9)

66,101 (19.3)

5,971 (15.2)

<0.0001

0.11

Chronic pulmonary disease

38,862 (10.2)

34,615 (10.1)

4,247 (10.8)

<0.0001

0.02

Renal insufﬁciency

86,398 (22.7)

75,166 (22.0)

11,232 (28.6)

<0.0001

0.15

Prior stroke/TIA

38,842 (10.2)

34,615 (10.1)

4,247 (10.8)

<0.0001

0.05
0.02

Comorbidities

45,783 (12.0)

40,772 (11.9)

5,011 (12.7)

<0.0001

Hypertension

270,649 (71.0)

241,059 (70.5)

29,590 (75.3)

<0.0001

0.11

Diabetes

151,534 (39.7)

132,411 (38.7)

19,123 (48.6)

<0.0001

0.20

Hyperlipidemia

210,625 (55.2)

189,344 (53.9)

19,251 (49.0)

<0.0001

0.02

Heart failure

77,555 (20.3)

68,490 (20.0)

9,065 (23.1)

<0.0001

0.08

Ischemic heart disease

203,737 (53.4)

184,486 (55.3)

21,281 (54.1)

<0.0001

0.10

Atrial ﬁbrillation/ﬂutter

50,668 (13.3)

45,201 (13.2)

5,467 (13.9)

0.0001

0.02

Current/former smoker

136,381 (35.8)

119,730 (35.0)

16,651 (42.3)

<0.0001

0.15

Symptomatic PAD

269,535 (70.7)

250,575 (73.2)

18,960 (48.2)

CLI

99,761 (26.2)

81,004 (23.7)

18,757 (47.7)

0.52

ALI

12,119 (3.2)

10,515 (3.1)

1,604 (4.1)

0.05

254,385 (66.7)

225,565 (65.9)

28,820 (73.3)

Obesity

Visit characteristics
<0.0001

Indication for revascularization

Inpatient revascularization

<0.0001

0.16

<0.0001

Type of revascularization
Endovascular

0.53

294,936 (77.3)

269,558 (78.8)

25,378 (64.5)

0.32

Surgical

45,079 (11.8)

38,012 (11.1)

7,067 (18.0)

0.20

Hybrid

41,400 (10.9)

34,524 (10.1)

6,876 (17.5)

Home

0.22
<0.0001

Discharge status
330,085 (86.5)

298,491 (87.3)

31,594 (80.3)

0.19

Skilled nursing facility

37,525 (9.8)

31,832 (9.3)

5,693 (14.5)

0.16

Long-term or rehabilitation facility

13,805 (3.6)

11,771 (3.4)

2,034 (5.2)

0.08

Cardiology

82,840 (32.6)

78,204 (34.7)

4,636 (16.1)

0.44

Vascular surgery

84,601 (33.3)

71,905 (31.9)

12,696 (44.1)

0.25

General surgery

29,299 (11.5)

24,883 (11.0)

4,416 (15.3)

0.13

13,318 (5.2)

11,364 (5.0)

1,954 (6.8)

0.08
0.004

Procedure operator specialty
<0.0001

Inpatient index encounter

Radiology
Thoracic surgery

14,716 (5.8)

13,013 (5.8)

1,703 (5.9)

Other

29,611 (11.6)

26,198 (11.6)

3,415 (11.8)

0.01
<0.0001

Outpatient index encounter
Cardiology

49,710 (39.1)

47,478 (40.7)

2,232 (21.3)

0.43

Vascular surgery

30,167 (23.7)

26,336 (22.6)

3,831 (36.5)

0.31

General surgery

8,820 (6.9)

7,701 (6.6)

1,119 (10.7)

0.15

Radiology

14,760 (11.6)

13,346 (11.5)

1,414 (13.5)

0.06
0.06

Thoracic surgery
Other

3,428 (2.7)

3,043 (2.6)

385 (3.7)

20,145 (15.9)

18,625 (16.0)

1,520 (14.5)

0.04
Continued on the next page
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T A B L E 1 Continued

Overall Study Population
(N ¼ 381,415)

Without 1-Year Hospitalization
for MALE (n ¼ 342,094)

With 1-Year Hospitalization
for MALE (n ¼ 39,321)

p Value*

Standardized
Difference†

Discharge medication‡
Aspirin

171,258 (67.3)

153,957 (68.3)

17,301 (60.0)

<0.0001

0.17

P2Y12 inhibitor

146,680 (57.7)

132,786 (58.9)

13,894 (48.2)

<0.0001

0.22

ACE inhibitor/ARB

120,986 (47.6)

107,815 (47.8)

13,171 (45.7)

<0.0001

0.04

Statin

156,869 (61.7)

140,726 (62.4)

16,143 (56.0)

<0.0001

0.13

Nonstatin lipid-lowering therapy

27,422 (10.8)

24,770 (11.0)

2,652 (9.2)

<0.0001

0.60

Beta-blocker

159,281 (62.6)

142,258 (63.1)

17,023 (59.1)

<0.0001

0.82

Oral anticoagulant

36,300 (14.3)

30,756 (13.6)

5,544 (19.2)

<0.0001

0.15

8,483 (3.3)

7,333 (3.3)

1,520 (4.0)

<0.0001

0.04

4 (2–8)

4 (2–8)

5 (3–10)

<0.0001

0.24

Cilostazol
Hospital length of stay, days‡
In-hospital events‡
MI

4,675 (1.8)

4,232 (1.9)

443 (1.5)

<0.0001

0.03

Stroke

10,521 (4.1)

9,293 (4.1)

1,228 (4.3)

0.26

0.01

ALI

2,283 (0.9)

1,989 (0.9)

294 (1.0)

0.02

0.01

Bleeding

9,457 (3.7)

8,358 (3.7)

1,099 (3.8)

0.36

0.01

Hospital characteristics
Urban

346,872 (90.9)

311,013 (90.9)

35,859 (91.2)

0.07

0.01

Teaching status

182,359 (47.8)

162,998 (47.6)

19,361 (49.2)

<0.0001

0.03

48,354 (12.7)

43,005 (12.6)

5,349 (13.6)

193,722 (50.8)

173,522 (50.7)

20,200 (51.4)

0.01

Midwest

81,734 (21.4)

73,948 (21.6)

7,786 (19.8)

0.04

West

57,605 (15.1)

51,619 (15.1)

5,986 (15.2)

<0.0001

Geographic region
Northeast
South

0.03

0.003
<0.0001

Bed size
<350 beds

130,011 (34.1)

117,217 (34.3)

12,794 (32.5)

350–549 beds

137,802 (36.1)

123,088 (36.0)

14,714 (37.4)

0.03

>550 beds

113,602 (29.8)

101,789 (29.8)

11,813 (30.0)

0.004

0.04

Values are median (interquartile range) or n (%). *Compares values for patients with vs. without 1-year major adverse limb event (MALE) hospitalization. †A standardized difference of >0.1 is
considered clinically meaningful. ‡Among patients undergoing an inpatient index revascularization procedure.
ACE ¼ angiotensin-converting enzyme; ALI ¼ acute limb ischemia; ARB ¼ angiotensin receptor blocker; CLI ¼ critical limb ischemia; MI ¼ myocardial infarction; PAD ¼ peripheral artery
disease; TIA ¼ transient ischemic attack.

were discharged on aspirin, 57.7% on a P2Y 12 inhibi-

also more likely to undergo the index revasculari-

tor, 14.3% on an oral anticoagulant, 61.7% on a statin,

zation for CLI or ALI, undergo surgical or hybrid

and 10.8% on a nonstatin lipid lowering therapy.

procedures,

HOSPITALIZATION FOR MALE. Within 30 days after

coagulation, while they were less likely to be treated

the index revascularization, 2.7% (n ¼ 10,182) of

by cardiology specialists and discharged on anti-

patients were admitted for MALE (0.6%, n ¼ 2,284

platelet therapy or statins.

and

be

discharged

on

oral

anti-

for ALI; 0.9%, n ¼ 3,343 for major amputation; 1.4%,

After multivariable modeling, older age and fe-

n ¼ 5,459 for surgical revascularization). Within 1

male sex were associated with lower risk of 1-year

year

MALE

after

the

index

revascularization,

10.3%

(n ¼ 39,321) of patients had a hospitalization for

hospitalization,

whereas

black

race;

Medicaid and Medicare insurance; and comorbid-

MALE (2.6%, n ¼ 9,762 for ALI; 3.5%, n ¼ 13,144 for

ities including prior stroke, diabetes, renal insufﬁ-

major amputation; 6.0%, n ¼ 22,994 for surgical

ciency, heart failure, and smoking were associated

revascularization). Compared with patients without

with higher risk of admission for MALE (C-statistic

1-year MALE hospitalization, those with 1-year MALE

0.70) (Table 2). Revascularization for CLI or ALI,

hospitalization were younger, more often men and

undergoing surgical or hybrid revascularization, and

black, less likely to be insured by Medicare, more

having a procedure performed by a vascular or

likely to be insured by Medicaid, and more likely to

general surgeon or radiologist versus a cardiologist

have a history of hypertension, diabetes, current or

were signiﬁcantly associated with increased risk of

former smoking, and renal insufﬁciency. Patients

hospitalization for MALE within 1 year after the

with hospitalization for MALE within 1 year were

index encounter. Similar results were observed in

1003

1004
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relatively high burden of comorbidities: 41.1% had

T A B L E 2 Factors Associated With 1-Year Hospitalization for MALE

OR (95% CI)

p Value

Demographics

diabetes,

67.0%

ischemic

heart

had

hypertension,

disease,

and

48.6%

19.3%

had

had
renal

insufﬁciency.

Age
65–74 yrs vs. <65 yrs

0.82 (0.79–0.84)

<0.0001

$75 yrs vs. <65 yrs

0.63 (0.61–0.65)

<0.0001

SECONDARY

OUTCOMES. Within

30

days

of

discharge from the index encounter, 2.7% (n ¼ 10,381)

0.91 (0.89–0.93)

<0.0001

Black vs. white race

1.27 (1.24–1.31)

<0.0001

underwent at least 1 outpatient endovascular pe-

Medicaid vs. commercial payer

1.14 (1.09–1.20)

<0.0001

ripheral revascularization, and 13.1% (n ¼ 50,127) had

Medicare vs. commercial payer

1.12 (1.08–1.16)

<0.0001

Female

at least 1 inpatient hospitalization (Figure 1A). Overall,
5.1% (n ¼ 19,273) of patients were admitted for limb-

Comorbidities
Cerebrovascular disease
Renal insufﬁciency

0.80 (0.77–0.83)

<0.0001

1.15 (1.12–1.18)

<0.0001

related causes, 3.0% (n ¼ 11,282) for cardiovascular
causes, and 6.8% (n ¼ 25,913) for other reasons. Limb-

1.15 (1.11–1.20)

<0.0001

Obesity

0.91 (0.88–0.94)

<0.0001

Diabetes

1.20 (1.17–1.23)

<0.0001

0.93 (0.91–0.96)

<0.0001

hospitalization. Hospitalization

1.09 (1.06–1.12)

<0.0001

angina, heart failure, arrhythmia, and stroke occurred
in 0.3% (n ¼ 1,313), 0.01% (n ¼ 44), 0.8% (n ¼ 2,973),

Prior stroke/TIA

Hyperlipidemia
Heart failure
Ischemic heart disease

0.93 (0.90–0.95)

<0.0001

Current/former smoker

1.21 (1.18–1.24)

<0.0001

Visit characteristics

related and cardiovascular admissions occurred in
38.4% and 22.5% of patients with at least one 30-day
for

MI,

unstable

0.3% (n ¼ 1,170), and 0.2% (n ¼ 735), respectively, of
the total study population.

Indication for revascularization

Within 1 year of discharge from the index revascu-

ALI vs. symptomatic PAD

1.39 (1.31–1.47)

<0.0001

CLI vs. symptomatic PAD

2.24 (2.19–2.30)

<0.0001

Surgical vs. endovascular

1.23 (1.19–1.27)

<0.0001

cular peripheral revascularization procedure, and

Hybrid vs. endovascular

1.39 (1.34–1.44)

<0.0001

38.9% (n ¼ 148,457) were hospitalized at least once

Vascular surgery vs. cardiology

2.13 (2.06–2.20)

<0.0001

General surgery vs. cardiology

2.09 (2.01–2.18)

<0.0001

Radiology vs. cardiology

2.11 (2.02–2.21)

<0.0001

Thoracic surgery vs. cardiology

1.86 (1.77–1.97)

<0.0001

Other vs. cardiology

1.58 (1.52–1.65)

<0.0001

1.10 (1.07–1.14)

<0.0001

0.96 (0.92–0.998)

0.04

1.14 (1.11–1.17)

<0.0001

1.05 (1.02–1.09)

0.002

Type of revascularization

Procedure operator specialty

Discharge to skilled nursing facility vs. home

>550 beds vs. <350 beds

as limb-related, cardiovascular, and other for 18.8%
(n ¼ 71,663), 12.8% (n ¼ 48,875), and 23.2%
(n ¼ 88,446) of all patients, respectively. Among patients with at least one 1-year hospitalization, 48.3%
and 32.9% experienced respective limb-related and
cardiovascular admissions. Overall, 12.8% (n ¼ 48,983)

Bed size
350–549 beds vs. <350 beds

population underwent at least 1 outpatient endovas-

(Figure 1B). Reasons for hospitalization were classiﬁed

Hospital characteristics
Midwest vs. Northeast region

larization, 11.0% (n ¼ 42,056) of the overall study

CI ¼ conﬁdence interval; OR ¼ odds ratio; other abbreviations as in Table 1.

of patients had an inpatient endovascular peripheral
revascularization, and 2.5% (n ¼ 9,350) of patients had
other PAD limb-related hospitalizations not involving
MALE or an endovascular revascularization. Within 1
year post-discharge from the index encounter, hospitalization for MI, unstable angina, heart failure,
arrhythmia, and stroke occurred in 2.0% (n ¼ 7,779),

models developed among patients with inpatient

0.07% (n ¼ 250), 3.5% (n ¼ 13,470), 1.5% (n ¼ 5,845),

index encounters (Online Table 1) and those with

and 1.0% (n ¼ 3,771) of the study population.

outpatient index encounters (Online Table 2). In the

Temporal trends in 30-day and 1-year outcomes

inpatient model, discharge on oral anticoagulation

were examined. As shown in Figure 2A, overall

was also associated with increased risk of 1-year

subsequent hospitalizations within 30 days post-

MALE hospitalization.

discharge from the index encounter trended down

To explore the paradoxical age ﬁnding whereby

over time, with greater decreases in limb-related and

older patients were at a lower risk of hospitalization

cardiovascular hospitalizations than in hospitaliza-

for MALE within 1 year post-discharge, we compared

tions for other causes. In contrast, subsequent 30-day

baseline characteristics according to age (Online

outpatient endovascular peripheral revascularization

Table 3). We found that patients <65 years of age

procedures increased over the study period. Similar

were more often black and insured by Medicaid.

trends were seen for 1-year inpatient hospitalizations

Despite being younger, one-third were insured by

and

Medicare, and patients in this age group had a

revascularizations (Figure 2B).

1-year

outpatient

endovascular

peripheral
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F I G U R E 1 30-Day and 1-Year Outcomes After Peripheral Artery Revascularization

A

Index encounter
381,415 pts

Inpatient hospitalization
50,127 pts (13.1%)
56,725 encounters

Outpatient
endovascular
revascularization
10,381 pts (2.7%)
10,625 encounters
Limb-related
19,273 pts (5.1%)
19,944 encounters

MALE
10,182 pts (2.7%)
10,365 encounters

Endovascular
revascularization
11,173 pts (2.9%)
11,408 encounters

Cardiovascular
11,282 pts (3.0%)
11,856 encounters

Other limb-related
2,793 pts (0. 7%)
2,846 encounters

ALI
2,284 pts (0.6%)
2,327 encounters

MI
1,313 pts (0.3%)
1,321 encounters
Unstable angina
44 pts (0.01%)
44 encounters
Heart failure
2,973 pts (0.8%)
3,125 encounters

Major amputation
3,343 pts (0.9%)
3,378 encounters

Arrhythmia
1,170 pts (0.3%)
748 encounters

Surgical revascularization
5,459 pts (1.4%)
5,500 encounters

B

Other
25,913 pts (6.8%)
28,334 encounters

CVA
735 pts (0.2%)
748 encounters

Index encounter
381,415 pts

Inpatient hospitalization
148,457 pts (38.9%)
287,139 encounters

Outpatient
endovascular
revascularization
42,056 pts (11.0%)
53,658 encounters
Limb-related
71,663 pts (18.8%)
95,322 encounters

MALE
39,321 pts (10.3%)
47,781 encounters

Endovascular
revascularization
48,983 pts (12.8%)
59,371 encounters

ALI
9,762 pts (2.6%)
11,372 encounters
Major amputation
13,144 pts (3.5%)
14,650 encounters
Surgical revascularization
22,994 pts (6.0%)
25,370 encounters

Cardiovascular
48,875 pts (12.8%)
66,010 encounters

Other limb-related
9,350 pts (2.5%)
10,268 encounters

Other
88,446 pts (23.2%)
144,333 encounters

MI
7,779 pts (2.0%)
8,578 encounters
Unstable angina
250 pts (0.07%)
252 encounters
Heart failure
13,470 pts (3.5%)
18,260 encounters
Arrhythmia
5,845 pts ( 1.5%)
6,568 encounters
CVA
3,771 pts (1.0%)
4,052 encounters

Flow diagrams depict the study patient population and outpatient endovascular peripheral revascularizations and inpatient hospitalizations within (A)
30 days and (B) 1 year post-discharge from the index encounter. Inpatient hospitalizations are classiﬁed according to limb-related, cardiovascular, or
other causes for admission, and limb-related hospitalizations are further grouped into major adverse limb event (MALE), inpatient endovascular revascularization, or other limb-related categories. The components comprising MALE hospitalization are listed, and subtypes of cardiovascular hospitalizations are presented. Both patient-level and encounter-level data are provided but may not sum to 100%, as categories may not be mutually
exclusive. ALI ¼ acute limb ischemia; CVA ¼ cerebrovascular accident; MI ¼ myocardial infarction; pts ¼ patients.
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F I G U R E 2 Temporal Trends in 30-Day and 1-Year Outcomes After Peripheral Artery Revascularization

A
16.0

Patients (%)

14.0
12.0

Overall Subsequent
Hospitalization

10.0

Limb-Related
Cardiovascular

8.0

Other
6.0

Subsequent Outpatient
Endovascular
Revascularization

4.0
2.0
0.0
2009

2010

2011

2012

2013

2014

Year
Overall Subsequent Hospitalization, %
Limb-Related
Cardiovascular
Other
Outpatient Endovascular Revascularization, %

2009
13.8
5.7
3.4
6.8
2.4

2010
13.7
5.2
3.2
7.1
2.5

2011
13.9
5.4
3.0
7.2
2.6

2012
12.9
5.0
2.9
6.7
2.8

2013
12.5
4.7
2.8
6.5
3.1

2014
12.0
4.4
2.6
6.4
3.0

B
45.0
40.0
35.0

Overall Subsequent
Hospitalization

30.0
Patients (%)

1006

Limb-Related
25.0

Cardiovascular

20.0

Other

15.0

Subsequent Outpatient
Endovascular
Revascularization

10.0
5.0
0.0
2009

2010

2011

2012

2013

2014

Year
Overall Subsequent Hospitalization, %
Limb-Related
Cardiovascular
Other
Outpatient Endovascular Revascularization, %

2009
41.9
21.4
14.4
24.5
10.6

2010
40.8
20.0
13.9
24.1
10.2

2011
40.3
19.7
13.3
24.0
10.3

2012
38.1
18.3
12.3
22.8
11.1

2013
36.6
17.2
11.7
21.9
11.7

2014
36.5
16.8
11.6
22.2
12.1

Shown are rates of overall, limb-related, cardiovascular, and other subsequent inpatient hospitalizations, as well as outpatient endovascular
peripheral revascularization procedures within (A) 30 days and (B) 1 year after discharge from the index encounter for each year of the study
period. Categories may not be mutually exclusive, and data from 2014 do not include the last quarter of the year.
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C ENTR AL I LL U STRA T I O N 1-Year Outcomes After Peripheral Artery Revascularization

Index encounter
381,415 patients (pts)

Outpatient
endovascular
revascularization

Inpatient hospitalization
38.9% of pts

11.0% of pts

Limb-related

Cardiovascular

Other

18.8% of pts

12.8% of pts

23.2% of pts

MI
Major adverse limb
event (MALE)

Endovascular
revascularization

10.3% of pts

12.8% of pts

2.0% of pts

Other limb-related
2.5% of pts

Unstable angina
0.07% of pts

Acute limb ischemia
2.6% of pts

Heart failure
3.5% of pts

Major amputation
3.5% of pts

Arrhythmia
1.5% of pts

Surgical revascularization
6.0% of pts

Cerebrovascular
accident
1.0% of pts

Hess, C.N. et al. J Am Coll Cardiol. 2018;72(9):999–1011.

Shown are outpatient endovascular peripheral revascularizations and inpatient hospitalizations within 1 year post-discharge from the index peripheral revascularization. Inpatient hospitalizations are classiﬁed according to limb-related, cardiovascular, or other causes for admission, and limb-related hospitalizations are further
grouped into major adverse limb event (MALE), inpatient endovascular revascularization, or other limb-related categories. The components comprising MALE hospitalization are listed, and subtypes of cardiovascular hospitalizations are presented. Patient-level data are provided but may not sum to 100%, as categories may not
be mutually exclusive. MI ¼ myocardial infarction; pts ¼ patients.

DISCUSSION

one-third were cardiovascular (Central Illustration).
Over the study period, rates of all-cause, limb-related,

This large, observational study demonstrated that 1 in

and cardiovascular hospitalizations trended down,

10 PAD patients undergoing limb revascularization

while use of subsequent outpatient endovascular

was hospitalized for MALE within the subsequent

revascularization procedures increased. We found

year. An additional 11% of patients underwent outpa-

that demographic factors, comorbid conditions, and

tient endovascular revascularization within that year,

procedural factors were signiﬁcantly associated with

and 40% of patients had an all-cause inpatient hospi-

1-year hospitalization for MALE, which may help to

talization, of which one-half were limb-related and

identify high-risk patients.
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Existing published reports regarding outcomes af-

procedure outcomes and burden of disease in this

ter peripheral artery revascularization is limited.

population. To that end, we categorized subsequent

Although prior studies have described cardiovascular

hospitalizations into cardiovascular, limb-related,

and limb events after peripheral revascularization

and other reasons for admission and included

(5,20,23,24), these studies focused exclusively on 1

analyses of temporal trends for these outcomes.

revascularization approach, used older data before

Limb-related admissions were also further separated

improvements in medical therapy for PAD and the

into MALE-related, inpatient endovascular revascu-

development of newer revascularization devices and

larization, and other limb-related hospitalizations.

strategies, only included inpatient populations, or

The outcome of MALE has been variably deﬁned to

were based outside of the United States, potentially

include components of ALI, thrombectomy, throm-

limiting the generalizability of their results. Some of

bolysis, major amputation, or major repeat revascu-

these studies also did not examine limb-related out-

larization (27,28). Recently, there has been growing

comes, whereas others restricted analyses to speciﬁc

interest in examining this endpoint or components

limb events, such as amputation or target lesion

thereof in cardiovascular clinical trials. In a compar-

revascularization.

by

ison of ticagrelor plus aspirin versus aspirin alone in

payers and health care systems on reducing 30-day

patients with prior MI, a subgroup analysis of pa-

Additionally,

recent

focus

readmissions has prompted multiple efforts to char-

tients with prior MI and PAD showed a signiﬁcant

acterize and understand readmissions among the PAD

reduction with ticagrelor in risk of MALE (hazard ra-

population (9,10,12–14,25). However, similar limita-

tio [HR]: 0.65; 95% CI: 0.44 to 0.95) (15), while

tions exist for these studies, including restrictions in

another trial found no beneﬁt of ticagrelor over clo-

population to CLI patients, some of whom did not

pidogrel in preventing major cardiovascular events or

undergo revascularization; patients treated only as

ALI (HR: 1.02; 95% CI: 0.92 to 1.12) among patients

inpatients or in speciﬁc geographic regions; focus on

with stable, symptomatic PAD (16). Treatment of pa-

surgical or endovascular revascularization; absent or

tients with high-risk non–ST-segment elevation acute

limited assessments of limb-related outcomes; or

coronary syndromes with vorapaxar versus placebo

small sample size.

showed statistically insigniﬁcant but numerically

Our study adds to current knowledge in the ﬁeld.

fewer peripheral revascularization procedures (8.1%

We used contemporary data from a nationwide, all-

vs. 9.0%; p ¼ 0.16) and lower-extremity amputations

comer population with multiple payer representa-

(0.9% vs. 1.5%; p ¼ 0.11) (29), whereas vorapaxar

tion and included a broad population of PAD patients.

signiﬁcantly reduced the rate of ﬁrst ALI events

In general, rates of cardiovascular and limb events

compared with placebo among patients with stable

following peripheral revascularization are higher

atherosclerosis (HR: 0.58; 95% CI: 0.39 to 0.86) (6).

than for stable PAD patients (5–7), potentially related

Given these signals for beneﬁt of antithrombotic

to procedural endothelial damage and inﬂammatory

therapies in reducing limb events and the fact that

activation with subsequent risk for thrombosis and

the PAD population has remained relatively under-

restenosis (26). Although CLI patients are a particu-

studied, additional trials examining MALE outcomes

larly high-risk PAD subgroup with end-stage disease

are to be expected and are currently enrolling (17).

associated with signiﬁcant morbidity, mortality, and

Observational studies such as ours, which assess

health care resource use, they make up the minority

MALE endpoints and components and are based in

of PAD patients, accounting for 26.2% of our analysis

contemporary practice populations, may provide

population. Moreover, outpatient peripheral revas-

important data, such as event rates, that inform

cularization is common and represented one-third of

clinical trial design and help to address issues

our index encounters. Therefore, due to the overall

surrounding generalizability of clinical trial results.

increased risk of revascularized PAD patients and

Our study demonstrates that patients undergoing

high volume of revascularization procedures per-

peripheral revascularization have signiﬁcant residual

formed for symptomatic PAD in inpatient and

risk of limb-related and cardiovascular hospitaliza-

outpatient settings, our study population was inten-

tions, although our data suggest that there has been

tionally broad.

an overall decrease in subsequent inpatient hospi-

Importantly, this study differs from prior analyses

talizations. Although we also report that use of

with regard to not only patient population but also

outpatient

outcomes examined. In addition to post-procedure

increasing, consistent with prior ﬁndings (18), it is

inpatient hospitalizations, we included outpatient

unlikely that the greater use of outpatient revascu-

endovascular peripheral revascularizations to provide

larization is numerically responsible for the observed

a

decrease in post-procedure hospitalizations. With the

more

complete

assessment

of

post-index

endovascular

revascularization

is
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passage of the Affordable Care Act in 2010, national

burden of comorbid diseases among PAD patients

attention was focused on reducing readmissions

undergoing revascularization, regardless of age.

among Medicare beneﬁciaries for 3 common condi-

Other potential explanations for the paradoxical as-

tions (MI, heart failure, and pneumonia), prompting

sociation of older age with reduced risk for MALE

numerous efforts aimed at reducing readmissions,

hospitalization include greater use of lower-risk

albeit with variable success (30). Given that PAD is

endovascular procedures (rather than amputation or

often considered a marker of systemic atherosclerosis

surgical revascularization that would qualify for

and is commonly manifest in patients with coronary

MALE) among older patients returning with limb-

artery disease, some of these efforts directed pri-

related events; greater number of comorbidities

marily at heart failure and MI populations may have

among older patients resulting in primary coding of a

also resulted in reduced hospitalizations for PAD

non–PAD-related diagnosis, even if the hospitaliza-

patients. Although the trend is encouraging, our data

tion was related to MALE; competing risk of death

demonstrate that PAD patients undergoing revascu-

occurring at non-Premier hospitals among older pa-

larization, even for “low-risk” symptomatic PAD, still

tients; or confounding. Interestingly, a similar ﬁnding

experience frequent limb-related and cardiovascular

was observed though not further investigated in a

post-procedure

be

recent analysis of readmissions among CLI patients

preventable. Underuse of guideline-recommended

(12): there was a signiﬁcant interaction between age

hospitalizations,

which

may

therapies in PAD patients has been previously

and insurance type, whereby Medicare patients <65

shown (31), which is consistent with our ﬁnding that

years of age had higher risk for 6-month unplanned

only 61.7% of patients undergoing inpatient index

readmission (OR: 1.64; 95% CI: 1.56 to 1.72) than pa-

revascularization were discharged on statin therapy.

tients 65 to 80 years of age (OR: 1.31; 95% CI: 1.26 to

Whether improvements in medical therapy for PAD or

1.35) or patients >80 years of age (OR: 1.21; 95% CI:

other strategies, such as closer surveillance post-

1.16 to 1.25).

procedure, might help to reduce subsequent admissions requires further investigation.

Finally, we also observed a signiﬁcant increase in
risk of 1-year MALE hospitalization for patients

To better understand patient outcomes after pe-

undergoing procedures performed by vascular or

ripheral revascularization, we also assessed factors

general surgery operators. In conjunction with our

associated with 1-year hospitalization for MALE. As

ﬁnding that a surgical or hybrid index procedure was

expected, revascularization for CLI or ALI increased

a risk factor for 1-year MALE hospitalization, this may

subsequent risk of MALE hospitalization. Certain

partially reﬂect the greater baseline risk of patients

comorbid conditions, such as diabetes, renal insufﬁ-

undergoing higher risk surgical revascularization

ciency, heart failure, and smoking, have been previ-

procedures. However, acute bypass graft thrombosis

ously

is a frequent cause of ALI (6), and this may represent a

identiﬁed

as

risk

factors

for

unplanned

readmission among CLI patients and were similarly

modiﬁable risk factor for MALE, for example, through

associated with increased risk for MALE hospitaliza-

improvements in surgical technique or adjuvant

tion in our study (13,25). These modiﬁable factors

antithrombotic therapy. In addition, having a pro-

could be addressed by increasing provider and pa-

cedure performed by a noncardiology, nonsurgical

tient awareness of their prevalence in the PAD pop-

specialty operator was also associated with increased

ulation and by improving treatment of each speciﬁc

MALE risk. Although this ﬁnding could be related to

condition. Compared with commercial insurance,

previously described differences among operator

Medicaid and Medicare also increased risk for 1-year

specialties in the management of PAD patients after

MALE hospitalization, which might be explained by

revascularization (19), it also suggests that proced-

lower socioeconomic status, unemployment, or lack

ures should be performed by higher-volume special-

of access to health care associated with the former

ists, as relationships between operator volume and

and older age and more comorbidities associated with

outcomes have been previously demonstrated for

the latter. However, we noted that older age was

other procedures (32). Given the complexity of PAD

signiﬁcantly associated with lower risk for 1-year

patients overall and risk for cardiovascular as well as

MALE admission. The data exploring this paradoxi-

limb-related events post-procedure, a multidisci-

cal ﬁnding demonstrate that younger patients in our

plinary approach to patient care, including input from

study are a sick subgroup with an unexpectedly high

a cardiovascular specialist, may help to improve

proportion

outcomes in this population.

receiving

Medicare

beneﬁts

due

to

disability or need for dialysis and may help to explain
the high risk of MALE hospitalization among these

STUDY LIMITATIONS. First, this analysis was retro-

patients. These ﬁndings also highlight the large

spective and observational. Despite multivariable
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adjustment, unmeasured confounding may remain.

limb-related

Second, data were administrative and subject to er-

high. We identiﬁed multiple demographic, patient,

rors in coding and potential misattribution. Third, we

and procedural factors associated with risk of 1-year

did not have clinical variables, including those

hospitalization for MALE. Based on these ﬁndings,

related to severity of disease, or laboratory values,

efforts to reduce the burden of comorbidities,

and medication billing data from the last 2 days of

improve surgical revascularization techniques or

hospitalization was used as a proxy for discharge

concomitant antithrombotic therapies, and imple-

medication and were only available for inpatient in-

ment a multidisciplinary approach to the care of PAD

dex encounters. Fourth, hospitals are not required to

patients may represent actionable strategies to

submit all CPT codes to Premier, and some CPT-based

reduce hospitalization for MALE.

and

cardiovascular

events

remains

procedures may be under-reported. Fifth, hospital
contributions of data to the Premier Healthcare

ADDRESS FOR CORRESPONDENCE: Dr. Connie N.

Database are voluntary, and the study cohort may not

Hess, 13199 East Montview Boulevard, Suite 200,

be truly representative of the overall patient popu-

Aurora,

lation

ucdenver.edu. Twitter: @CUMedicalSchool.

undergoing

peripheral

revascularization,

Colorado

80045.

E-mail:

connie.hess@

limiting the generalizability of our results. Finally,
subsequent outpatient endovascular revasculariza-

PERSPECTIVES

tion procedures and hospitalizations occurring at
non-Premier hospitals could not be identiﬁed, nor
could we identify patients who died outside of a
Premier hospital to account for the competing risk of
death.

this

study

peripheral

additional endovascular procedures and hospitalization
revascularization. Risk factors for MALE include male sex,
black race, insurance under Medicaid or Medicare, dia-

of

artery

381,415

patients

undergoing

revascularization,

subsequent

hospitalizations and outpatient endovascular revascularization procedures were common. Within 1 year
after the index revascularization, a signiﬁcant proportion of patients were hospitalized for limb-related
and cardiovascular causes, with 1 in 10 patients
admitted for MALE. Although overall subsequent
hospitalizations trended down during the study
period,

PROCEDURAL SKILLS: In patients with PAD,
for MALE are common within 30 days and 1 year after

CONCLUSIONS
In

COMPETENCY IN PATIENT CARE AND

the

residual

risk

for

betes, renal insufﬁciency, heart failure, smoking, initial
intervention for CLI or ALI, surgical revascularization, and
certain operator characteristics.
TRANSLATIONAL OUTLOOK: Strategies that
address these risk factors, including better management of comorbidities and multidisciplinary teambased care, should be evaluated to improve the
outcomes of peripheral artery revascularization.

post-procedure

REFERENCES
1. Fowkes FG, Rudan D, Rudan I, et al. Comparison
of global estimates of prevalence and risk factors
for peripheral artery disease in 2000 and 2010: a
systematic review and analysis. Lancet 2013;382:
1329–40.
2. Mozaffarian D, Benjamin EJ, Go AS, et al. Heart
Disease and Stroke Statistics-2016 Update: A
Report From the American Heart Association. Circulation 2016;133:e38–360.
3. Criqui MH, Ninomiya JK, Wingard DL, Ji M,
Fronek A. Progression of peripheral arterial disease predicts cardiovascular disease morbidity
and mortality. J Am Coll Cardiol 2008;52:
1736–42.

5. Sigvant B, Kragsterman B, Falkenberg M,
et al. Contemporary cardiovascular risk and
secondary preventive drug treatment patterns in
peripheral artery disease patients undergoing
revascularization. J Vasc Surg 2016;64:1009–17.
e3.
6. Bonaca MP, Gutierrez JA, Creager MA, et al.
Acute Limb Ischemia and Outcomes With Vorapaxar in Patients With Peripheral Artery Disease:
Results From the Trial to Assess the Effects of
Vorapaxar in Preventing Heart Attack and Stroke
in Patients With Atherosclerosis-Thrombolysis in
Myocardial Infarction 50 (TRA2 P-TIMI 50). Circulation 2016;133:997–1005.

4. Bonaca MP, Scirica BM, Creager MA, et al.

7. Jones WS, Baumgartner I, Hiatt WR, et al.
Ticagrelor compared with clopidogrel in patients

Vorapaxar in patients with peripheral artery
disease: results from TRA2 P-TIMI 50. Circulation
2013;127:1522–9. 1529e1–6.

with prior lower extremity revascularization for
peripheral artery disease. Circulation 2017;135:
241–50.

8. Jencks SF, Williams MV, Coleman EA. Rehospitalizations among patients in the Medicare feefor-service program. N Engl J Med 2009;360:
1418–28.
9. McPhee JT, Barshes NR, Ho KJ, et al. Predictive
factors of 30-day unplanned readmission after
lower extremity bypass. J Vasc Surg 2013;57:
955–62.
10. Secemsky EA, Schermerhorn M, Carroll BJ, et al.
Readmissions after revascularization procedures
for peripheral arterial disease: a nationwide cohort
study. Ann Intern Med 2018;168:93–9.
11. Joynt KE, Jha AK. A path forward on Medicare
readmissions. N Engl J Med 2013;368:1175–7.
12. Agarwal S, Pitcavage JM, Sud K, Thakkar B.
Burden of readmissions among patients with critical limb ischemia. J Am Coll Cardiol 2017;69:
1897–908.

JACC VOL. 72, NO. 9, 2018

Hess et al.

AUGUST 28, 2018:999–1011

Outcomes After Peripheral Artery Revascularization

13. Kolte D, Kennedy KF, Shishehbor MH, et al.
Thirty-day readmissions after endovascular or
surgical therapy for critical limb ischemia: analysis
of the 2013 to 2014 Nationwide Readmissions
Databases. Circulation 2017;136:167–76.
14. Reed GW, Raeisi-Giglou P, Kafa R, Malik U,
Salehi N, Shishehbor MH. Hospital readmissions
following endovascular therapy for critical limb
ischemia: associations with wound healing, major
adverse limb events, and mortality. J Am Heart
Assoc 2016;5:e003168.
15. Bonaca MP, Bhatt DL, Storey RF, et al. Ticagrelor for prevention of ischemic events after
myocardial infarction in patients with peripheral
artery disease. J Am Coll Cardiol 2016;67:2719–28.
16. Hiatt WR, Fowkes FGR, Heizer G, et al. Ticagrelor versus clopidogrel in symptomatic peripheral artery disease. N Engl J Med 2017;376:32–40.
17. Capell WH, Bonaca MP, Nehler MR, et al.
Rationale and design for the Vascular Outcomes
study of ASA along with rivaroxaban in endovascular or surgical limb revascularization for peripheral artery disease (VOYAGER PAD). Am Heart
J 2018;199:83–91.
18. Goodney PP, Beck AW, Nagle J, Welch HG,
Zwolak RM. National trends in lower extremity
bypass surgery, endovascular interventions, and
major amputations. J Vasc Surg 2009;50:54–60.
19. Jones WS, Mi X, Qualls LG, et al. Signiﬁcant
variation in P2Y12 inhibitor use after peripheral
vascular intervention in Medicare beneﬁciaries. Am
Heart J 2016;179:10–8.
20. Panaich SS, Arora S, Patel N, et al. In-hospital
outcomes of atherectomy during endovascular

lower extremity revascularization. Am J Cardiol
2016;117:676–84.

treatment of critical limb ischemia. J Vasc Surg
2009;50:1462–73.

21. Nehler MR, Duval S, Diao L, et al. Epidemiology
of peripheral arterial disease and critical limb
ischemia in an insured national population. J Vasc
Surg 2014;60:686–95.

28. Patel MR, Conte MS, Cutlip DE, et al. Evaluation and treatment of patients with lower extremity peripheral artery disease: consensus
deﬁnitions from Peripheral Academic Research

22. Baril DT, Ghosh K, Rosen AB. Trends in the
incidence, treatment, and outcomes of acute lower
extremity ischemia in the United States Medicare
population. J Vasc Surg 2014;60:669–77.
23. Soden PA, Zettervall SL, Shean KE, et al.
Regional variation in outcomes for lower extremity
vascular disease in the Vascular Quality Initiative.
J Vasc Surg 2017;66:810–8.
24. Tsai TT, Rehring TF, Rogers RK, et al. The
contemporary safety and effectiveness of lower
extremity bypass surgery and peripheral endovascular interventions in the treatment of symptomatic peripheral arterial disease. Circulation
2015;132:1999–2011.
25. Bodewes TC, Soden PA, Ultee KH, et al. Risk
factors for 30-day unplanned readmission
following
infrainguinal
endovascular
interventions. J Vasc Surg 2017;65:484–94.
26. Hess CN, Norgren L, Ansel GM, et al.
A structured review of antithrombotic therapy
in peripheral artery disease with a focus on
revascularization:
a
TASC
(InterSociety
Consensus for the Management of Peripheral
Artery Disease) initiative. Circulation 2017;135:
2534–55.

Consortium (PARC). J Am Coll Cardiol 2015;65:
931–41.
29. Jones WS, Tricoci P, Huang Z, et al. Vorapaxar in patients with peripheral artery disease and acute coronary syndrome: insights
from Thrombin Receptor Antagonist for Clinical Event Reduction in Acute Coronary Syndrome (TRACER). Am Heart J 2014;168:
588–96.
30. Blumenthal D, Abrams M, Nuzum R. The
Affordable Care Act at 5 years. N Engl J Med 2015;
372:2451–8.
31. Berger JS, Ladapo JA. Underuse of prevention
and lifestyle counseling in patients with peripheral
artery disease. J Am Coll Cardiol 2017;69:
2293–300.
32. Hannan EL, Wu C, Walford G, et al. Volumeoutcome relationships for percutaneous coronary
interventions in the stent era. Circulation 2005;
112:1171–9.

KEY WORDS outcomes, peripheral artery
disease, revascularization

27. Conte MS, Geraghty PJ, Bradbury AW, et al.
Suggested objective performance goals and clinical trial design for evaluating catheter-based

A PP END IX For supplemental tables, please
see the online version of this paper.

1011

