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Outcomes of Peripheral Vascular Interventions in Select Patients
With Lower Extremity Acute Limb Ischemia
Elica Inagaki, MD; Alik Farber, MD; Jeffrey A. Kalish, MD; Mohammad H. Eslami, MD, MPH; Jeffrey J. Siracuse, MD; Robert T. Eberhardt, MD;
Denis V. Rybin, PhD; Gheorghe Doros, PhD; Naomi M. Hamburg, MD; on behalf of the Vascular Study Group of New England*

Background-—Contemporary data on patients presenting with acute limb ischemia (ALI), who are selected for treatment with
endovascular peripheral vascular interventions (PVI), are limited. Our study examined outcomes following endovascular PVI in
patients with ALI by comparing with patients treated for chronic critical limb ischemia using a regional quality improvement
registry.
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Methods and Results-—Of the 11 035 patients in the Vascular Study Group of New England PVI database (2010–2014), we
identiﬁed 365 patients treated for lower extremity ALI who were 5:1 frequency matched (by procedure year and arterial segments
treated) to 1808 patients treated for critical limb ischemia. ALI patients treated with PVI had high burden of atherosclerotic risk
factors and were more likely to have had prior ipsilateral revascularizations. ALI patients were less likely to be treated with selfexpanding stents and more likely to undergo thrombolysis than patients with critical limb ischemia. In multivariable analysis, ALI
was associated with higher technical failure (odds ratio 1.7, 95% conﬁdence interval, 1.1%–2.5%), increased rate of distal
embolization (odds ratio 2.7, 95% conﬁdence interval, 1.5%–4.9%), longer length of stay (means ratio 1.6, 95% conﬁdence interval,
1.4%–1.8%), and higher in-hospital mortality (odds ratio 2.8, 95% conﬁdence interval, 1.3%–5.9%). ALI was not associated with risk
of major amputation or mortality at 1 year.
Conclusions-—In a multicenter cohort of patients treated with PVI, we found that ALI patients selected for treatment with
endovascular techniques experienced greater short-term adverse events but similar long-term outcomes as their critical limb
ischemia counterparts. Further studies are needed to reﬁne the selection of ALI patients who are best served by PVI. ( J Am Heart
Assoc. 2018;7:e004782. DOI: 10.1161/JAHA.116.004782.)
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P

atients with peripheral arterial disease are at risk of
acute limb ischemia (ALI), a challenging vascular emergency caused by an abrupt occlusion of the main arterial
supply to the involved extremity.1 This condition is associated
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with high morbidity and mortality as prolonged ischemia can
threaten tissue viability and potentially result in a loss of limb
or life.2,3 Thus, prompt diagnosis followed by rapid restoration
of blood ﬂow to the ischemic extremity are paramount in the
management of ALI.4
Traditionally, ALI has been treated with immediate systemic anticoagulation and subsequent urgent open vascular
revascularization using thromboembolectomy or bypass procedure. Yet, the risks of perioperative adverse events and
postoperative death associated with operative revascularization performed in the setting of ALI remain high.5 With the
advent of endovascular techniques and following the publication of randomized controlled trials in the 1990s suggesting
that percutaneous thrombolysis is a less-invasive yet comparable alternative to operative revascularization,6–12 ALI has
been increasingly managed with endovascular peripheral
vascular interventions (PVI) rather than open surgical
approaches.13,14
Despite this recent shift toward PVI over the past few
decades, contemporary data on patients presenting with
lower extremity ALI, who are selected for treatment with PVI,
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What Is New?
• Using a prospective, multicenter regional registry, we
compared the treatment and outcomes of patients with
acute limb ischemia (ALI) versus chronic limb ischemia who
were treated with endovascular peripheral vascular interventions (PVI).
• Patients with ALI treated with PVI had a high prevalence of
atherosclerotic risk factors and prior limb revascularization.
• Patients with ALI treated with PVI had higher in-hospital
event rates including technical failure, distal embolization
and mortality, but similar major amputation and mortality at
1 year compared with their chronic limb ischemia counterparts.
• Female sex, smoking, prior cardiovascular disease, emergent case, and thrombolysis were associated with higher
in-hospital adverse outcomes among ALI patients.
Downloaded from http://jaha.ahajournals.org/ by guest on April 22, 2018

What Are the Clinical Implications?
• In a large observational cohort of patients treated with
endovascular therapy, contemporary endovascular techniques result in greater short-term adverse events but
equivalent long-term outcomes in ALI patients compared
with chronic limb ischemia.
• Further studies are needed to improve the risk stratiﬁcation
and selection of ALI patients who will beneﬁt from
endovascular therapy.

from large studies are sparse. Therefore, the objectives of this
study were to characterize this speciﬁc subset of patients
presenting with lower extremity ALI and elucidate not only the
treatment modalities but also clinical outcomes following PVI
by using a regional quality improvement registry. We specifically sought to use the Vascular Study Group of New England
PVI database to provide “real world” contemporary data in
order to further evaluate the outcomes following PVI in
patients with lower extremity ALI by comparing with patients
treated for chronic critical limb ischemia (CLI).

Methods
Study Design
The data, analytic methods, and study materials will not be
made available to other researchers for purposes of reproducing the results or replicating the procedure; however, the
data may be available to investigators through the Vascular
Study Group of New England (VSGNE). The VSGNE is a
regional cooperative quality improvement initiative developed
in 2002 to prospectively collect and study outcomes in
patients undergoing vascular and endovascular surgery in
DOI: 10.1161/JAHA.116.004782

participating academic and community hospitals across all 6
New England states. The VSGNE registry collects data by
procedure type, and we speciﬁcally used the VSGNE PVI
database as the outcomes of ALI from its infra-inguinal bypass
database have been previously reported.5 Details regarding
this registry have been previously described15 and are
available at http://www.vsgne.org. The Institutional Review
Board at Boston University School of Medicine waived the
need for patient informed consent and approved the use of
de-identiﬁed data for this study.

Patient Population
We identiﬁed all consecutive patients who underwent PVI by
surgeons practicing at more than 30 academic and community hospitals in the New England area between 2010 and
2014. Indications for PVI are classiﬁed as asymptomatic,
claudication, rest pain, tissue loss, and acute ischemia.
Figure 1 shows the ﬂowchart for the patient selection process
for our study. Patients who underwent PVI procedures for
indication of ALI (indication for index procedure listed as
acute ischemia; n=367) were included in this study and
compared with patients treated for CLI (indication for index
procedure listed as rest pain or tissue loss; n=3649), as these
patients with advanced peripheral arterial disease were more
likely to be managed with similar endovascular techniques as
patients presenting with ALI. Patients with aneurysmal
disease, asymptomatic disease, or claudication were
excluded. The study also excluded patients with ALI who
were listed to have undergone “elective” PVI and those with
insufﬁcient outcome data. Finally, patients who underwent
concomitant PVI and leg bypass are not included in this study
as these patients are included in the VSGNE infrainguinal
bypass database and not included in the PVI database.

Outcome and Variable Deﬁnitions
In our analysis, we reviewed patient demographics, preexisting medical comorbidities, periprocedural details, and
postprocedural outcomes. More than 100 demographic and
clinical variables were collected prospectively by trained
abstractors for each procedure and entered in the VSGNE
registry. Deﬁnitions of medical comorbidities and index
procedural details within the VSGNE have been previously
published.15 Our primary outcome measures included major
amputation and mortality up to 1 year postoperatively.
In-person follow-up was required for the assessment of reinterventions, such as major amputation. Follow-up for
mortality was based on data abstracted from Social Security
records.15,16 We also evaluated in-hospital outcomes, such as
technical failure, postprocedural complications (speciﬁcally
arterial dissection, arterial perforation, distal embolization,
Journal of the American Heart Association
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Figure 1. Flowchart of the patient selection process for the study. Each patient who underwent PVI for
ALI was matched with 5 patients who underwent PVI for CLI for arterial segment treated: aortoiliac (aorta/
iliac/common femoral arteries), femoropopliteal (superﬁcial femoral/profunda/popliteal arteries), and
infrapopliteal (anterior tibial/tibioperoneal trunk/posterior tibial/peroneal arteries) segments. ALI indicates
acute limb ischemia; CLI, chronic critical limb ischemia; PVI, peripheral vascular interventions; VSGNE,
Vascular Study Group of New England.

puncture site hematoma, and access site occlusion), postprocedural hospital length of stay (LOS), and in-hospital
mortality as secondary end points.

Statistical Analysis
The aim of the study was to compare outcomes based on the
indication (ALI versus CLI) of index procedure among patients
who underwent PVI. Cohort frequency group matching was
performed to select patients for comparison between the 2
groups. Each patient who underwent PVI for ALI was matched
with 5 patients who underwent PVI for CLI. The matching
factors were procedure year and arterial segments treated:
aortoiliac (aorta/iliac/common femoral arteries), femoropopliteal (superﬁcial femoral/profunda/popliteal arteries), and
infrapopliteal (anterior tibial/tibioperoneal trunk/posterior
tibial/peroneal arteries) segments. These factors uniquely
deﬁned patient strata for matching procedure. These matches
were selected randomly from each stratum of CLI patients
with the same values of matching variables. The ratio of 5
(CLI) to 1 (ALI) in the cohort match was based on the available
set of patients and chosen to reduce potential bias caused by
DOI: 10.1161/JAHA.116.004782

covariates when estimating effects from observational data.17
As shown in Figure 1, the ﬁnal cohort after frequency group
matching included a total of 2173 patients who underwent
PVI, of which 365 patients had an indication for ALI and 1808
patients had an indication for CLI. All analyses were
performed in the matched cohorts.
We compared the baseline patient demographics, clinical
parameters, and procedural variables of the 2 groups by
using the v2 test for categorical variables and the Student t
test for continuous variables. Those variables with P<0.05
and those considered to be clinically signiﬁcant were entered
into the multivariable regression models. The following
variables were considered as possible confounders: age,
sex, current smoking status, diabetes mellitus, chronic
obstructive pulmonary disease, dialysis, use of aspirin and
statin, and previous ipsilateral PVI and/or leg bypass.
Logistic regression was used for technical failure, distal
embolization, and in-hospital mortality. Cox proportional
hazard model was used to compare 1-year major amputation
and 1-year mortality. Gamma regression was used to analyze
postprocedural hospital LOS once early hospital deaths were
excluded.
Journal of the American Heart Association
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Results
Patient Characteristics
After matching, a total of 2173 patients who underwent PVI
procedures were included in the overall study cohort.
Baseline patient demographics, medical comorbidities, and
procedural details are demonstrated in Table 1. The mean
age of the patients was 6912 years, and 57% were male.
Ninety percent of patients were white, and 35% were
current smokers. Thirty-three percent and 16% of patients
had a history of previous ipsilateral PVI and leg bypass,
respectively. Treatment types included percutaneous transluminal angioplasty (79%), self-expanding stents (41%),
balloon-expanding stents (16%), stent grafts (11%), and
thrombolysis (8%).
Of the 2173 patients, 365 patients underwent PVI for
indication of ALI, whereas 1808 patients underwent PVI for
indication of CLI in the matched set. ALI patients who were
treated with PVI were still an older group of patients with the
mean age of 6712 years and had a high burden of
atherosclerotic risk factors, such as current tobacco use,
hypertension, and diabetes mellitus. Several patients have had
previous ipsilateral revascularizations, including PVI or bypass.
In terms of endovascular procedure types, a large majority
(78%) underwent percutaneous transluminal angioplasty, and
about 25% were treated with thrombolysis (Table 1).
Compared with CLI patients, ALI patients treated with PVI
were more likely to be current smokers and less likely to be
treated with aspirin and statin. They were also more likely to
have had prior ipsilateral revascularizations, including PVI
(39% versus 32%, P=0.019) and leg bypass (20% versus 15%,
P=0.005). Furthermore, ALI patients were less likely to be
treated with self-expanding stents (33% versus 42%, P=0.001)
and more likely to undergo thrombolysis (25% versus 5%,
P<0.001) than CLI patients (Table 1).
DOI: 10.1161/JAHA.116.004782

In-Hospital and 1-Year Outcomes
Comparison of in-hospital outcomes between the ALI and CLI
groups are illustrated in Figure 2. ALI patients treated with
PVI experienced worse in-hospital outcomes as compared
with CLI patients. Speciﬁcally, these patients had higher
technical failure (11% versus 8%, P=0.029) with increased rate
of distal embolization (5% versus 2%, P=0.001). They also had
longer postprocedural hospital LOS (mean 68 days versus
46 days, P<0.001) and higher in-hospital mortality (4%
versus 1%, P=0.001). No signiﬁcant differences in the rates of
arterial dissection, arterial perforation, puncture site hematoma, and access site occlusion were identiﬁed between the 2
groups.
Kaplan–Meier survival curves for amputation-free survival
and overall survival at 1-year follow-up are presented in
Figure 3. No differences in 1-year outcomes were found
between the ALI and CLI groups with respect to rates of major
amputation (6% versus 6%, P=0.7) and mortality (15% versus
15%, P=0.9).
On multivariable analysis as shown in Figure 4, ALI
continued to be associated with worse in-hospital outcomes,
including higher technical failure (odds ratio [OR] 1.7, 95%
conﬁdence interval [CI], 1.1%–2.5%, P=0.008), increased rate
of distal embolization (OR 2.7, 95% CI, 1.5%–4.9%, P=0.001),
longer postprocedural hospital LOS (mean ratio 1.6, 95% CI,
1.4%–1.8%, P<0.001), and higher in-hospital mortality (OR
2.8, 95% CI, 1.3%–5.9%, P=0.007). However, there was still no
association between ALI and 1-year major amputation (hazard
ratio 1.2, 95% CI, 0.8%–2.0%, P=0.353) or 1-year mortality
(hazard ratio 1.2, 95% CI, 0.9%–1.6%, P=0.2).

Independent Predictors of In-Hospital Adverse
Events Among ALI Patients
Table 2 demonstrates variables that were independently
associated with increased odds of in-hospital adverse events
following PVI among ALI patients. The female sex (OR 2.4, 95%
CI, 1.1%–5.0%, P=0.026), history of coronary artery disease (OR
2.4, 95% CI, 1.0–5.7, P=0.044), emergent case (OR 2.4, 95% CI,
1.0–5.6, P=0.038), and thrombolysis use (OR 2.7, 95% CI, 1.3–
6.0, P=0.011) were predictive of higher technical failure. Use of
self-expanding stent was protective against technical failure
(OR 0.2, 95% CI, 0.1–0.5, P=0.001). Use of thrombolysis (OR
10.3, 95% CI, 3.0%–35.1%, P<0.001), stent graft (OR 5.6, 95%
CI, 1.1%–28.7%, P=0.038), and balloon-expanding stent (OR
5.6, 95% CI, 1.1%–29.5%, P=0.043) were associated with
increased rate of distal embolization. History of congestive
heart failure (mean ratio 1.4, 95% CI, 1.1%–1.7%, P=0.008),
emergent case (mean ratio 1.4, 95% CI, 1.1%–1.7%, P=0.004),
and aortoiliac disease (mean ratio 1.7, 95% CI, 1.3%–2.1%,
P<0.001) were associated with longer postprocedural hospital
Journal of the American Heart Association

4

ORIGINAL RESEARCH

We then explored factors independently predictive of
technical failure, distal embolization, hospital LOS, and
in-hospital mortality among ALI patients treated with PVI
(excluding the CLI patients from the model). The following
factors were considered: age per 5 years, sex, current
smoking status, diabetes mellitus, coronary artery disease,
congestive heart failure, chronic obstructive pulmonary
disease, use of aspirin and statin, previous ipsilateral PVI,
and procedural characteristics (including arterial segment
treated, emergency status, and procedure type). Logistic
regression was used to predict technical failure, distal
embolization, and in-hospital mortality. Gamma regression
was used to predict postprocedural hospital LOS. Analysis
was performed with SAS 9.2 Software (SAS Institute Inc, Cary,
NC). P<0.05 was deﬁned as statistically signiﬁcant.
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Table 1. Demographics, Clinical, and Procedural Variables of ALI and CLI Patients
Variables

Overall (n=2173)

ALI (n=365)

CLI (n=1808)

P Value

Demographics
Age, y

6912

6712

7012

<0.001

Male sex, n (%)

1240 (57)

195 (53)

1045 (58)

0.124

White race, n (%)

1948 (90)

334 (91)

1614 (89)

0.201

Current smoking, n (%)

784 (35)

173 (47)

575 (32)

<0.001

Clinical parameters
Hypertension, n (%)

1945 (89)

317 (87)

1628 (90)

0.069

Diabetes mellitus, n (%)

1238 (57)

164 (45)

1074 (59)

<0.001

CAD, n (%)

777 (36)

129 (35)

648 (36)

0.851
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CHF, n (%)

515 (24)

79 (22)

436 (24)

0.311

COPD, n (%)

579 (27)

122 (33)

457 (25)

0.001

Dialysis, n (%)

243 (11)

25 (7)

218 (12)

0.004

Renal insufficiency, n (%)

168 (9)

29 (9)

139 (9)

0.944

Aspirin use, n (%)

1642 (76)

248 (68)

1394 (77)

<0.001

Statin use, n (%)

1481 (68)

224 (61)

1257 (70)

0.002

b-Blocker use, n (%)

1420 (65)

227 (62)

1193 (66)

0.161

Chronic anticoagulant use, n (%)

341 (16)

66 (18)

275 (15)

0.167

Previous ipsilateral PVI, n (%)

724 (33)

141 (39)

583 (32)

0.019

Previous ipsilateral bypass, n (%)

340 (16)

75 (20)

265 (15)

0.005

1269 (58)

0 (0)

1269 (70)

<0.001

Urgency
Elective, n (%)
Urgent, n (%)

781 (36)

259 (71)

522 (29)

<0.001

Emergent, n (%)

123 (6)

106 (29)

17 (1)

<0.001

Procedural details
Arterial segment treated*
Aortoiliac, n (%)

983 (45)

166 (46)

817 (45)

0.919

Femoropopliteal, n (%)

1088 (50)

183 (50)

905 (50)

0.977

Infrapopliteal, n (%)

727 (34)

123 (34)

604 (33)

0.914

1, n (%)

1002 (46)

175 (48)

827 (46)

0.454

>2, n (%)

1171 (54)

190 (52)

981 (54)

0.454

PTA, n (%)

1710 (79)

286 (78)

1424 (79)

0.863

Self-expand stent, n (%)

885 (41)

120 (33)

765 (42)

0.001

Balloon-expand stent, n (%)

339 (16)

59 (16)

280 (16)

0.745

Stent graft, n (%)

240 (11)

48 (13)

192 (11)

0.159

Number of arteries treated

Procedure type

Thrombolysis, n (%)

175 (8)

90 (25)

85 (5)

<0.001

Cryoplasty, n (%)

11 (1)

2 (1)

9 (1)

0.902

Cutting balloon, n (%)

95 (4)

24 (7)

71 (4)

0.024

Laser atherectomy, n (%)

34 (2)

8 (2)

26 (1)

0.290

Orbital, n (%)

169 (8)

28 (8)

141 (8)

0.934

Excisional, n (%)

37 (2)

4 (1)

33 (2)

0.326

Mechanical atherectomy

ALI indicates acute limb ischemia; CAD, coronary artery disease; CHF, congestive heart failure; CLI, chronic critical limb ischemia; COPD, chronic obstructive pulmonary disease; PTA,
percutaneous transluminal angioplasty; PVI, peripheral vascular interventions.
*Aortoiliac, aorta/iliac/common femoral arteries; femoropopliteal, superﬁcial femoral/profunda/popliteal arteries; infrapopliteal, anterior tibial/tibial-peroneal trunk/posterior tibial/
peroneal artery.
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Figure 2. Comparison of in-hospital outcomes, including (A) technical failure, (B) postprocedural
complications, (C) postprocedural hospital length of stay, and (D) in-hospital mortality between ALI and
CLI groups. ALI indicates acute limb ischemia, white bar; CLI, chronic critical limb ischemia, black bar; LOS,
length of stay.

LOS. Finally, emergent case (OR 5.5, 95% CI, 1.4%–22.2%,
P=0.017) was an independent predictor of increased inhospital mortality following PVI among ALI patients.

Discussion
In the present study, we examined the clinical characteristics,
treatment modalities, and outcomes of patients treated with
endovascular PVI for the indication of lower extremity ALI in a
contemporary regional registry. We found that patients

presenting with ALI who are selected for treatment with PVI
were individuals with high burden of atherosclerotic risk
factors. ALI patients were likely to have had prior ipsilateral
revascularizations, including PVI and leg bypass, as compared
with CLI patients. Procedurally, both ALI and CLI patients
were treated frequently with percutaneous transluminal
angioplasty, and ALI patients were more likely to undergo
thrombolysis than CLI patients. Following PVI, ALI patients
experienced worse in-hospital outcomes—speciﬁcally technical failure, distal embolization, postprocedural hospital LOS,

Figure 3. Kaplan–Meier survival curves for (A) amputation-free survival and (B) overall survival at 1 year. ALI indicates acute limb ischemia,
solid line; CLI, chronic critical limb ischemia, dotted line.
DOI: 10.1161/JAHA.116.004782
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Figure 4. Multivariable analysis of in-hospital and 1-year outcomes. ALI indicates acute limb ischemia; CI,
conﬁdence interval; CLI, chronic critical limb ischemia; HR, hazard ratio; LOS, length of stay; MR, mean
ratio; OR, odds ratio.

and in-hospital mortality—but equivalent rates of major
amputation and mortality at 1 year as compared with their
CLI counterparts. Finally, we found that female sex, current
smoking status, history of coronary artery disease or
congestive heart failure, emergent case, and thrombolysis
use were independent predictors of worse in-hospital outcomes among ALI patients.
Clinical characteristics of ALI patients selected for treatment with PVI described in our study parallel those presented
in prior literature emerging in the past few years. Baril et al
reviewed data from the 1998–2009 Medicare Provider
Analysis & Review (MedPAR) ﬁles and demonstrated that
patients hospitalized for management of ALI had high burden
of known atherosclerotic risk factors and noted a signiﬁcant
rise in the prevalence of these comorbidities, including
diabetes mellitus, hypertension, hyperlipidemia, and atrial
ﬁbrillation over the past decade.14 Additionally, past studies
showed that patients presenting with ALI often have prior
history of previous ipsilateral revascularizations, consistent
with underlying advanced peripheral arterial disease in these
patients.1,18–21
Recent single-center studies suggest favorable outcomes
of ALI patients treated with PVI. In this comprehensive
multicenter registry, we found a technical failure rate of 11%
among ALI patients treated with PVI, which is comparable to
those previously reported.18,20,21 One study found a technical
failure rate of 1.6%,19 but this lower rate may reﬂect the
difference in endovascular treatment techniques used.
Some single-center studies18,20,21 utilized catheter-direct
thrombolysis with recombinant tissue plasminogen
DOI: 10.1161/JAHA.116.004782

activatorpercutaneous mechanical thrombectomy as the
initial intervention in all of their ALI patients, while Linnemann
et al19 included ALI patients treated by a multitude of
techniques, such as mechanical thrombectomy, catheter
thrombus aspiration, local thrombolysis, angioplasty, stent
placement, and atherectomy. Our in-hospital and 1-year
mortality of 4% and 15% were comparable to 3% to 4% and
14.3% to 18% presented from these single-center studies.18–22
Interestingly, our 6% major amputation rate at 1 year after PVI
was signiﬁcantly lower than the rates of 13% to 32% as
previously reported.18,20–22 This may be because of the
heterogeneity in patient selection and Rutherford class
severity among the studies. Overall, our ﬁndings suggest
that, in a real-world setting with a diverse patient population,
PVI for selected ALI patients result in favorable outcomes.
In the present study, predictors of worse in-hospital
outcomes following PVI among ALI patients were evaluated.
Like past studies, we found that female sex,18 history of
coronary artery disease,19 and thrombolysis use18,21 were
factors independently associated with worse in-hospital
outcomes. Sex-related differences in outcomes of peripheral
arterial disease have been previously described, and it
demonstrated that female patients were less likely to be
hospitalized for management of peripheral arterial disease,
were more likely to be admitted emergently, and experienced
higher postprocedural mortality rates as compared with male
patients.23 These ﬁndings suggest that female patients
present for medical attention with a more advanced disease
at presentation and require emergent interventions that lead
to a more complicated hospital course. Since patients with
Journal of the American Heart Association
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Table 2. Predictors of In-Hospital Adverse Events in ALI Patients Treated With PVI
Technical Failure

Distal Embolization

Hospital LOS

In-Hospital Mortality

Downloaded from http://jaha.ahajournals.org/ by guest on April 22, 2018

Variables

OR

95% CI

P Value

OR

95% CI

P Value

MR

95% CI

P Value

OR

95% CI

P Value

Age per 5 y

0.9

0.7 to 1.0

0.084

1.0

0.8 to 1.4

0.716

1.0

0.9 to 1.0

0.189

1.4

1.0 to 2.1

0.086

Female sex

2.4

1.1 to 5.0

0.026

2.1

0.7 to 6.8

0.200

1.0

0.8 to 1.2

0.860

1.9

0.5 to 8.0

0.370

Current smoker

0.5

0.2 to 1.2

0.135

1.5

0.4 to 6.1

0.548

0.9

0.7 to 1.1

0.325

4.8

0.9 to 26.8

0.070

Diabetes mellitus

0.8

0.4 to 2.0

0.697

2.1

0.6 to 7.0

0.242

1.1

0.9 to 1.4

0.336

1.6

0.4 to 6.8

0.556

CAD

2.4

1.0 to 5.7

0.044

0.4

0.1 to 1.8

0.245

1.0

0.8 to 1.2

0.950

1.6

0.3 to 7.3

0.571

CHF

1.2

0.4 to 3.0

0.739

0.8

0.2 to 3.9

0.800

1.4

1.1 to 1.7

0.008

4.8

1.0 to 23.7

0.054

COPD

0.4

0.2 to 1.1

0.075

0.6

0.2 to 2.5

0.495

1.0

0.8 to 1.2

0.630

0.5

0.1 to 2.3

0.398

Aspirin use

0.8

0.4 to 2.1

0.728

1.3

0.4 to 4.9

0.657

1.1

0.9 to 1.3

0.526

0.5

0.1 to 2.1

0.327

Statin use

0.8

0.3 to 1.8

0.594

1.5

0.4 to 5.4

0.538

0.8

0.7 to 1.0

0.058

0.8

0.2 to 4.0

0.822

Previous PVI

0.8

0.4 to 1.9

0.706

0.4

0.1 to 1.6

0.208

0.8

0.6 to 1.0

0.032

0.1

0.1 to 0.8

0.033

Emergent case

2.4

1.0 to 5.6

0.038

1.8

0.5 to 6.1

0.342

1.4

1.1 to 1.7

0.004

5.5

1.4 to 22.2

0.017

PTA

0.9

0.3 to 2.9

0.830

1.2

0.3 to 4.5

0.808

1.2

0.9 to 1.6

0.138

0.9

0.2 to 4.6

0.876

Self-expand stent

0.2

0.1 to 0.5

0.001

1.8

0.5 to 6.1

0.327

1.0

0.8 to 1.2

0.914

0.3

0.1 to 1.7

0.171

Balloon-expand stent

0.4

0.1 to 1.6

0.175

5.6

1.1 to 29.5

0.043

0.8

0.6 to 1.2

0.316

0.6

0.1 to 5.1

0.660

Stent graft

0.3

0.1 to 1.1

0.078

5.6

1.1 to 28.7

0.038

0.9

0.7 to 1.2

0.542

1.0

0.1 to 8.1

0.971

Cutting balloon

1.3

0.3 to 5.7

0.709

1.0

0.1 to 7.0

0.986

1.0

0.6 to 1.6

0.901

2.8

0.2 to 38.4

0.447

Mechanical atherectomy

0.6

0.1 to 2.1

0.382

1.8

0.3 to 10.8

0.532

1.0

0.7 to 1.4

0.879

1.3

0.2 to 11.2

0.812

Thrombolysis

2.7

1.3 to 6.0

0.011

10.3

3.0 to 35.1

<0.001

0.9

0.8 to 1.2

0.601

1.1

0.2 to 5.7

0.866

Aortoiliac

0.8

0.3 to 2.0

0.649

0.3

0.1 to 1.2

0.085

1.7

1.3 to 2.1

<0.001

2.4

0.4 to 13.6

0.331

ALI indicates acute limb ischemia; CAD, coronary artery disease; CHF, congestive heart failure; CI, conﬁdence interval; COPD, chronic obstructive pulmonary disease; LOS, length of stay;
MR, mean ratio; OR, odds ratio; PTA, percutaneous transluminal angioplasty; PVI, peripheral vascular interventions.

coronary artery disease have high burden of atherosclerotic
risk factors, it should come as no surprise that patients with
established coronary artery disease experience inferior inhospital outcomes. Finally, thrombolysis use in ALI patients
was also associated with worse in-hospital outcomes. We
speculate that this ﬁnding is because of the increased
thrombus burden or greater thrombus resistance to thrombolysis, indicating underlying advanced disease in ALI
patients.
Our study extends the prior work by comparing a speciﬁc
subset of ALI patients who were selected for treatment with
PVI in a comprehensive multicenter registry. We compared
outcomes of ALI patients with CLI patients given overall
similar patterns of endovascular treatments. ALI patients
experienced worse in-hospital outcomes following PVI, analogous to the published outcomes for infra-inguinal bypass
previously reported from the VSGNE.5 Our ﬁndings may be
attributed to the increased thrombus burden as seen in
patients with ALI as compared with those with CLI, resulting
in higher technical failure and rate of distal embolization. In
addition, ALI is often rapidly progressive, requiring urgent
interventions that may underlie the longer postprocedural
hospital LOS and increased hospital mortality. Interestingly,
DOI: 10.1161/JAHA.116.004782

we found that patients presenting with ALI experienced
comparable long-term outcomes at 1 year, speciﬁcally rates
of major amputation and mortality, as their CLI counterparts.
However, the rates of major amputation (6%) and mortality
(15%) at 1 year in ALI patients following PVI from the present
study were lower than those previously reported following
infra-inguinal bypass for ALI (22.4% major amputation and
20.9% mortality at 1 year).5 These apparent variances may
reﬂect the differences in ALI patients selected for PVI
compared with those selected for bypass. Overall, our ﬁndings
indicate favorable 1-year outcomes in ALI patients selected
for treatment with PVI.
This study has several limitations. First, this is an
observational analysis of the PVI database in the VSGNE
registry; therefore, the ﬁndings presented in this study do
not reﬂect all ALI patients treated in the region as the
registry is organized by procedure type rather than the
presenting diagnosis. However, this is one of the largest
reported series in the past decade describing ALI patients
who were selected for treatment by contemporary endovascular techniques. In addition, selected variables are not
captured in the registry, including the cause of the occlusive
disease (an embolus versus an in-situ thrombosis), degree of
Journal of the American Heart Association
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Conclusion
In a large observational cohort of patients who underwent PVI,
we found that contemporary endovascular techniques result
in greater short-term adverse events but equivalent long-term
outcomes in ALI patients as compared with CLI patients.
Further studies are needed to improve the risk stratiﬁcation
and selection of ALI patients who are appropriate and best
served by treatment with PVI.
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