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Peripheral artery disease (PAD) is characterized by ath-
erosclerotic stenosis and occlusions of the peripheral 

arteries and affects up to 30% of the US adult population.1,2 
Claudication and critical limb ischemia (CLI) are symptom-
atic manifestations of PAD and are often considered indica-
tions for revascularization therapy with either lower extremity 
bypass surgery (LEB) or peripheral endovascular intervention 
(PVI). There is limited evidence comparing LEB versus PVI 
and, as a result, the optimal approach to revascularization 
remains uncertain for many patients.3

Clinical Perspective on p 2011

Over the past decade, PVI has become the dominant revas-
cularization strategy for treating symptomatic PAD, increasing 

1000% during this time period.4 PVI, in comparison with LEB, 
has been reported to have lower procedural morbidity and mor-
tality,5,6 reduced costs,7 and shortened hospital lengths of stay.8 
However, these findings are derived from small, single-center 
retrospective, observational analyses, and there is a paucity 
of corroborating evidence from large randomized, controlled 
trials or published data from large multicenter registries. In 
fact, the British Angioplasty versus Surgery in Ischemic Legs 
(BASIL) trial, a large randomized clinical trial comparing 
PVI versus LEB in patients with CLI did not find a difference 
in amputation-free survival.9 In the absence of robust effi-
cacy data, proponents for an endovascular-first approach cite 
increased safety; however, a direct comparison with LEB has 
been lacking.

Background—Treatment for symptomatic peripheral artery disease includes lower extremity bypass surgery (LEB) and 
peripheral endovascular interventions (PVIs); however, limited comparative effectiveness data exist between the 2 therapies. 
We assessed the safety and effectiveness of LEB and PVI in patients with symptomatic claudication and critical limb ischemia.

Methods and Results—In a community-based clinical registry at 2 large integrated healthcare delivery systems, we compared 
883 patients undergoing PVI and 975 patients undergoing LEB between January 1, 2005 and December 31, 2011. Rates 
of target lesion revascularization were greater for PVI than for LEB in patients presenting with claudication (12.3±2.7% 
and 19.0±3.5% at 1 and 3 years versus 5.2±2.4% and 8.3±3.1%, log-rank P<0.001) and critical limb ischemia (19.1±4.8% 
and 31.6±6.3% at 1 and 3 years versus 10.8±2.5% and 16.0±3.2%, log-rank P<0.001). However, in comparison with 
PVI, LEB was associated with increased rates of complications up to 30 days following the procedure (37.1% versus 
11.9%, P<0.001). There were no differences in amputation rates between the 2 groups. Findings remained consistent in 
sensitivity analyses by using propensity methods to account for treatment selection.

Conclusions—In patients with symptomatic peripheral artery disease, in comparison with LEB, PVI was associated with 
fewer 30-day procedural complications, higher revascularization rates at 1 and 3 years, and no difference in subsequent 
amputations.  (Circulation. 2015;132:1999-2011. DOI: 10.1161/CIRCULATIONAHA.114.013440.)
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To address this issue we assembled a clinical registry of 
PAD patients undergoing lower extremity peripheral revascu-
larization (LEB or PVI) in 2 large integrated healthcare deliv-
ery systems. We then used this registry to assess the safety 
and effectiveness of PVI and LEB in patients presenting with 
claudication and CLI.

Methods
Study Setting
The study was conducted in 2 large, integrated healthcare deliv-
ery systems that collectively care for >3.75 million people: Kaiser 
Permanente Colorado and Kaiser Permanente Northern California. 
Kaiser Permanente Colorado has >600 000 enrollees in the Denver, 
CO, metropolitan area and contracts with >1000 physicians to 
deliver care in 20 outpatient clinics. Kaiser Permanente Northern 
California provides care to >3.2 million members and contracts 
with a medical group of >6000 physicians who treat patients at 39 
clinics. Data on vital signs, medication dispensing, laboratory test 
results, diagnoses, and healthcare use were available from elec-
tronic health records and administrative databases at both sites 
dating back to January 2000. Data from each of the health plans 
were restructured into a common, standardized format with iden-
tical variable names, formats, specifications and identical variable 
definitions, labels, and coding. Institutional review board approval 
was obtained in both systems.

Study Population
The study population included patients ≥18 years of age undergo-
ing lower extremity revascularization procedures (LEB or PVI) from 
Kaiser Permanente Colorado or Kaiser Permanente Northern California 
between January 1, 2005, and December 31, 2011. We used a published 
algorithm of International Classification of Diseases, Ninth Revision 
diagnosis and Current Procedural Terminology procedural codes to 
identify 3800 patients undergoing PAD revascularization for prelimi-
nary chart review.10 Vascular experts confirmed lower extremity proce-
dures in 2161 charts after detailed review. Because we were comparing 
endovascular with surgical intervention, patients whose initial revas-
cularization procedure involved concomitant surgical and endovascu-
lar (hybrid) procedures (n=265) were excluded. We also excluded 29 
patients who had <6 months enrollment before the identified procedure 
because there was insufficient time to assess for baseline comorbidities. 
Nine patients without the key stratifying variable of procedural indi-
cation (CLI versus claudication) were also excluded. The final cohort 
included 1858 patients: 975 patients treated with surgery (LEB) and 
883 patients treated with endovascular therapy (PVI).

PAD Registry Development
To allow for a more robust assessment of the comparative effective-
ness of PVI versus LEB, we conducted detailed chart abstraction to 
obtain key clinical and procedural variables. From the chart, study 
personnel collected a copy of the preprocedure history and physical, 
diagnostic testing reports, procedure reports, discharge summary, 
and follow-up visits within 30 days of discharge. Preprocedural 
assessments and procedure notes were collected for all cases through 
December 2012. This information was then reviewed the use of a 
standardized abstraction tool by a 6-member, multidisciplinary clini-
cal abstraction team of vascular therapy physicians from interven-
tional cardiology, interventional radiology, and vascular surgery.

Data abstracted from chart review in patients undergoing revas-
cularization included: diagnostic study findings (eg, catheter-based 
angiography, computed tomography angiography, or magnetic reso-
nance angiography), indication for procedure (claudication, critical 
limb ischemia), lesion characteristics (lesion length, diameter, and 
presence of total occlusion), procedure(s) performed (surgical or 
endovascular approach including procedural details such as devices 
used), and periprocedural events (eg, need for blood transfusion, surgi-
cal conversion, emergent reintervention, or myocardial infarction). To 

assess the reliability of the data collected from chart abstraction, each 
member of the chart abstraction team reviewed the same 20 charts. 
Agreement was good (κ 0.6–0.8) or very good (κ 0.8–1.0) for all vari-
ables assessed.

Clinical Outcomes
Primary outcomes were: (1) target lesion revascularization (TLR), (2) 
target limb revascularization (TLimb), (3) major (above-the-ankle) or 
minor (below-the-ankle) lower extremity amputation, and (4) mortal-
ity. Mortality data were obtained by using health plan mortality data-
bases and by linking to state mortality databases and the National Death 
Index. Patients were followed for the occurrence of these outcomes 
from the time of the initial revascularization procedure until December 
31, 2012. Longitudinal data on clinical events (eg, reintervention) were 
obtained from the electronic data sources at each site, including hos-
pitalizations and procedures performed at non-Kaiser facilities (see 
online-only Data Supplement Table I for the criteria and sources of data 
used to identify these events). All outcomes were examined separately; 
thus, a patient could contribute to each of the primary end points.

Statistical Analysis
We first stratified patients into 2 analytic cohorts based on the clini-
cal indication of the procedure: CLI or claudication. Within the CLI 
and claudication cohorts, we then classified patients into treatment 
groups based on whether they underwent LEB or PVI procedures. 
For the purposes of this study, patients were grouped into supraingui-
nal, infrainguinal, and tibial revascularization procedures. Stenting 
or bypasses of the aortoiliac, iliac, and external iliac vessels were 
considered suprainguinal procedures. Stenting, endarterectomy, or 
bypasses of the common femoral, superficial femoral, and popliteal 
arteries were considered infrainguinal procedures. Revascularization 
procedures below the popliteal were considered tibial procedures. 
Patients with multiple procedures were categorized based on the most 
distal revascularization (eg, patient with suprainguinal and infraingui-
nal PVI would be categorized into the infrainguinal group).

To adjust for potential confounding we used logistic regression 
to estimate propensity scores for the receipt of surgical therapy. 
The propensity score we constructed included variables reflecting 
patient age, sex, smoking status, comorbidities, previous vascular 
procedures, indicators of anatomic PAD severity, medical care use 
(ie, clinic visits), year of procedure, and site (Northern California or 
Colorado). The PAD severity variables were constructed from chart 
reviews of diagnostic testing documentation, which recorded the 
severity of vessel obstruction at 5 levels, which approximated regions 
of the iliac arteries, common femoral arteries, profunda femoris arter-
ies, superficial femoral arteries, and tibial arteries. Stenosis severity 
was categorized as: other (<50%), severe (50%–99%), and occluded 
(100%) based on diagnostic imaging reports. Missing data categories 
were used to retain persons who did not have severity information at 
all levels.

We calculated Kaplan-Meier estimates of incidence rates 
for the end points and present 95% confidence intervals (CIs) or 
rates+standard errors by type of intervention (LEB versus PVI) 
stratified by clinical indication. For persons without an event, fol-
low-up time was censored at the time of death, disenrollment from 
the health plan, or end of the study (December 2012). We estimated 
the relative hazard by using Cox proportional hazards regression 
models. These models included a term for intervention (LEB was the 
reference) and additionally included a term to account for clustering 
of patients within the 2 study sites. One set of models used inverse 
propensity score adjustment methods with the stabilized weights 
trimmed (<10) to limit the impact of a few outliers.11–13 Propensity 
score models were highly predictive of treatment (c statistics 0.90 
and 0.87 for claudication and CLI indication groups, respectively). 
In addition to the inclusive inverse probability of treatment weighted 
(IPTW) models, we also estimated PVI versus LEB hazard ratios 
based on a matched sample (matched 1:1 on propensity scores using 
a greedy matching algorithm to identify the closest match within 
a +0.05 maximum distance). For the matched analyses, the Cox 



Tsai et al  Effectiveness of Lower Extremity Revascularization  2001

proportional hazards regression models accounted for matching by 
stratifying on the matched pairs. We used both IPTW and matched 
analyses because these techniques typically have dissimilar popula-
tion inferences and different weaknesses. Typically, IPTW aims to 
estimate the average effect of an entire population being given treat-
ment A in comparison with the entire population being given treat-
ment B (average treatment effect). Matched analyses estimate the 
average effect of being given treatment B, versus A, among persons 
who are similar to persons receiving treatment A (average treatment 
effect of treated). When treatments are randomly assigned, average 
treatment effect and average treatment effect of treated will be equal. 
In observational studies, matching 1:1 may offer strong covariate 
control but will restrict sample sizes based on the least common 
treatment. The broader inference of IPTW is desirable, but even with 
careful examination and trimming of propensity scores, weighting 
may ignore effect modification within the larger population. We pro-
vide results from both analyses here. Follow-up outcomes for minor 
and major amputation were determined via published International 
Classification of Diseases, Ninth Revision /Current Procedural 
Terminology coding algorithms (online-only Data Supplement Table 
I). We estimated cumulative incidence curves from Cox proportional 
hazards models. Graphs presented in the article provide crude out-
come estimates for the whole cohort.

Results
Baseline Characteristics by Presentation 
(Claudication versus CLI)
Between January 1, 2005, and December 31 2011, 1858 
patients underwent lower extremity procedures. The study pop-
ulation had a mean age of 69.6±10.4 years, was 59.4% male, 
and had a high burden of hypertension (90.6%) and lipid disor-
ders (84.6%) (Table 1). Overall, 27.4% were current smokers, 
29.9% had undergone previous coronary revascularization, and 
44.5% had diabetes mellitus. Only 7.5% and 8.2% of patients, 
respectively, had undergone previous PVI or LEB. Of the 1858 
patients undergoing revascularization, 934 patients were treated 
for claudication and 924 patients were treated for CLI. Median 
follow-up time was 3.2 years up to a maximum of 8 years. 
Persons treated for CLI had less follow-up time than persons 
treated for claudication (median, 2.8 years versus 3.6 years).

In comparison with the patients presenting with claudi-
cation, CLI patients were significantly older with a higher 
comorbidity burden including previous myocardial infarction, 
diabetes mellitus, previous stroke, chronic kidney disease, 
congestive heart failure, hypertension, and dialysis (Table 1). 
LEB was performed more commonly in patients presenting 
with CLI versus patients presenting with claudication (68.5% 
versus 36.6%, P=0.001).

Baseline Characteristics by Treatment (PVI versus 
LEB)
Among patients undergoing revascularization for claudica-
tion, demographic and comorbidity variables were not signifi-
cantly different with the exception of a higher percentage of 
patients with chronic kidney disease in the PVI versus LEB 
group (18.4% versus 12.0%, P=0.01). Patients who underwent 
LEB were more likely to have undergone previous LEB or 
PVI procedures versus patients treated with PVI (Table 2). 
Burden of disease scores suggested more severe PAD dis-
ease for LEB patients (ie, more occlusions and less vessel 
runoff). The most common level for PVI procedures was 
suprainguinal, whereas for LEB the most common level was 

infrainguinal. Most covariate differences were reduced with 
propensity score weighting.

 In the CLI cohort, patients undergoing LEB were more 
likely to have glomerular filtration rate levels <30, to have a 
history of stroke, and to be on dialysis (Table 3). Infrainguinal 
procedures were the most frequent anatomic location for 
both LEB and PVI. Vessel severity indicators suggested more 
severe PAD disease for LEB patients (ie, more occlusions 
and poorer vessel runoff). Most covariate differences were 
reduced with propensity score weighting.

Procedural Complications
Overall, in comparison with PVI, patients undergoing LEB 
were more likely to have ≥1 complications from the time of the 
procedure to 30 days follow-up (37.1% versus 11.9%, Table 4). 
The majority of the complications occurred early; ie, before 
discharge or within 30 days following the procedure. In the 
periprocedural phase, an embolic event during the procedure 
(1.9%) was the most common complication for PVI, whereas 
a blood transfusion (3.3%) was the most common complica-
tion for LEB. During the postprocedure, predischarge phase, 
worsening limb ischemia (1.9%) was the most common com-
plication for PVI, whereas an unplanned additional vascular 
procedure/return to the operating room (5.4%) was the most 
common complication for LEB. Finally, for the postdischarge 
to 30-day follow-up phase, worsening ischemia (2.8%) was the 
most common complication for PVI, whereas a surgical site 
infection (11.0%) was the most common complication for LEB.

Revascularization
Figure 1 shows the cumulative incidence rates of revasculariza-
tion for patients presenting with claudication or CLI estimated 
by the Kaplan-Meier method stratified by treatment with LEB or 
PVI. Rates of TLR were greater for PVI than for LEB in patients 
presenting with claudication (12.3±2.7% and 19.0±3.5% at 1 
and 3 years versus 5.2±2.4% and 8.3±3.1%, log-rank P<0.001) 
(Figure 1A) and CLI (19.1±4.8% and 31.6±6.3% at 1 and 3 years 
versus 10.8±2.5% and 16.0±3.2%, log-rank P<0.001) (Figure 1B).

Rates of TLimb were also greater for PVI than for LEB 
in patients presenting with claudication (16.1±3.0% and 
24.4±3.8% at 1 and 3 years versus 6.4±2.6% and 11.3±3.5%, 
log-rank P<0.001) (Figure 1C) and CLI (26.5±5.3% and 
38.9±6.5% at 1 and 3 years versus 13.4±2.8% and 21.0±3.6%, 
log-rank P<0.001) (Figure 1D).

In IPTW propensity-adjusted analyses (Table 5), patients 
presenting with claudication treated with PVI were signifi-
cantly more likely than LEB patients to require TLR (hazard 
ratio [HR], 2.49; 95% CI, 1.62–3.81) and TLimb (HR, 2.59; 
95% CI, 1.79–3.74). Similarly, patients presenting with CLI 
treated with PVI were also significantly more likely than LEB 
patients to require TLR (HR, 2.29; 95% CI, 1.69–3.12) and 
TLimb (HR, 2.17; 95% CI, 1.65–2.84). In sensitivity analyses 
using a propensity-matched cohort, the results were similar.

Amputation
The 1- and 3-year major amputation rates for PVI (15.5±4.5% 
and 21.2±5.4%) were not significantly different from those for 
LEB (18.6±3.4% and 25.4±4.0%) (Figure 2). There remained 
no significant difference in amputation rates after IPTW pro-
pensity adjustment (HR, 0.95; 95% CI, 0.71–1.29).
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Mortality
Figure 3 shows the mortality rates for patients presenting with 
claudication or CLI estimated by the Kaplan-Meier method 

stratified by treatment with LEB or PVI. Mortality rates were 
similar for LEB in comparison with PVI in patients presenting 
with claudication (4.8±2.3% and 9.9±3.3% at 1 and 3 years versus 

Table 1. Characteristics of Patients With Claudication versus CLI

Overall N=1858 Claudication n=934 CLI n=924 P Value

Diabetes mellitus

  No 1031 (55.5) 635 (68.0) 396 (42.9) <0.001

  Yes 827 (44.5) 299 (32.0) 528 (57.1)

Previous stroke

  No 1344 (72.3) 701 (75.1) 643 (69.6) 0.008

  Yes 514 (27.7) 233 (24.9) 281 (30.4)

CKD

  No 1401 (75.4) 784 (83.9) 617 (66.8) <0.001

  Yes 457 (24.6) 150 (16.1) 307 (33.2)

CHF

  No 1446 (77.8) 802 (85.9) 644 (69.7) <0.001

  Yes 412 (22.2) 132 (14.1) 280 (30.3)

Hypertension

  No 175 (9.4) 123 (13.2) 52 (5.6) <0.001

  Yes 1683 (90.6) 811 (86.8) 872 (94.4)

COPD

  No 1307 (70.3) 657 (70.3) 650 (70.3) 0.999

  Yes 551 (29.7) 277 (29.7) 274 (29.7)

Lipid disorder

  No 287 (15.4) 132 (14.1) 155 (16.8) 0.115

  Yes 1571 (84.6) 802 (85.9) 769 (83.2)

Previous ACS

  No 963 (51.8) 519 (55.6) 444 (48.1) 0.001

  Yes 895 (48.2) 415 (44.4) 480 (51.9)

Dialysis

  No 1743 (93.8) 922 (98.7) 821 (88.9) <0.001

  Yes 115 (6.2) 12 (1.3) 103 (11.1)

GFR category

  <30 222 (11.9) 48 (5.1) 174 (18.8) <0.001

  30–44 239 (12.9) 99 (10.6) 140 (15.2)

  45–59 391 (21.0) 198 (21.2) 193 (20.9)

  60–89 709 (38.2) 441 (47.2) 268 (29.0)

  90+ 297 (16.0) 148 (15.8) 149 (16.1)

Previous amputation

  None recorded 1773 (95.4) 932 (99.8) 841 (91.0) <0.001

  Above the knee 12 (0.6) 0 (0.0) 12 (1.3)

  Below the knee 33 (1.8) 1 (0.1) 32 (3.5)

  Minor amputation 40 (2.2) 1 (0.1) 39 (4.2)

Previous endovascular procedure

  No 1642 (92.5) 836 (92.0) 806 (93.1) 0.378

  Yes 133 (7.5) 73 (8.0) 60 (6.9)

Previous surgical procedure

  No 1650 (91.8) 860 (94.0) 790 (89.6) 0.001

  Yes 147 (8.2) 55 (6.0) 92 (10.4)

Values stated are n (%). ACS indicates acute coronary syndrome; CHF, congestive heart failure; CKD, chronic 
kidney disease; CLI, chronic limb ischemia; COPD, chronic obstructive pulmonary disease; and GFR, glomerular 
filtration rate.
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Table 2. Baseline Characteristics of Patients Undergoing Peripheral Intervention for Claudication

Cohort Unadjusted IPTW Adjusted Matched

PVI LEB P Value PVI LEB P Value PVI LEB P Value

n=592 n=342 n=592 n=342 n=162 n=162

Age: mean±SD 67.2±9.7 67.0±9.9 0.72 67.2±9.6 66.3±10.0 0.91 66.0±9.6 66.3±10.3 0.81

Male sex 381 (64.4%) 220 (64.3%) 0.99 62.40% 57.90% 0.19 100 (61.7) 101 (62.3%) 0.91

Smoking history

  Current 187 (31.6%) 108 (31.6%) 0.71 34.10% 33.60% 0.92 48 (29.6%) 64 (39.5%) 0.05

  Former 250 (42.2%) 149 (43.6%) 40.90% 39.10% 59 (36.4%) 63 (38.9%)

  Never 29 (4.9%) 14 (4.1%) 3.80% 3.30% 6 (3.7%) 8 (4.9%)

  Nonsmoker: unspecified 30 (5.1%) 23 (6.7%) 6.60% 7.60% 13 (8.0%) 9 (5.6%)

  Unknown 96 (16.2%) 48 (14.0%) 14.70% 16.40% 36 (22.2%) 18 (11.1%)

Previous MI 67 (11.3%) 42 (12.3%) 0.66 11.50% 11.70% 0.92 16 (9.9%) 20 (12.3%) 0.48

PCI or CABG 169 (28.5%) 103 (30.1%) 0.61 29.50% 27.20% 0.46 40 (24.7%) 50 (30.9%) 0.22

Diabetes mellitus 193 (32.6%) 106 (31.0%) 0.61 34.50% 36.20% 0.6 55 (34.0%) 48 (29.6%) 0.4

Previous stroke 140 (23.6%) 93 (27.2%) 0.23 23.00% 23.40% 0.88 43 (26.5%) 40 (24.7%) 0.7

CKD 109 (18.4%) 41 (12.0%) 0.01 17.00% 15.50% 0.57 27 (16.7%) 25 (15.4%) 0.76

CHF 80 (13.5%) 52 (15.2%) 0.48 13.20% 11.10% 0.36 21 (13.0%) 50 (28.7%) 0.43

Hypertension 510 (86.1%) 301 (88.0%) 0.42 85.20% 84.50% 0.77 139 (85.8%) 140 (86.4%) 0.87

COPD 164 (27.7%) 113 (33.0%) 0.09 29.00% 27.10% 0.54 41 (25.3%) 50 (30.9%) 0.27

Lipid disorder 513 (86.7%) 289 (84.5%) 0.36 85.60% 85.60% 0.99 135 (83.3%) 133 (82.1%) 0.77

Previous ACS 254 (42.9%) 161 (47.1%) 0.22 45.40% 39.80% 0.11 64 (39.5%) 78 (48.1%) 0.12

Dialysis 7 (1.2%) 5 (1.5%) 0.77 1.10% 0.90% 0.81 4 (2.5%) 3 (1.9%) 0.99

GFR category

  <30 24 (4.1%) 24 (7.0%) 0.39 5.20% 6.20% 0.32 10 (6.2%) 8 (4.9%) 0.74

  30–44 62 (10.5%) 37 (10.8%) 9.70% 14.10% 23 (14.2%) 18 (11.1%)

  45–59 126 (21.3%) 72 (21.1%) 21.60% 19.10% 29 (17.9%) 37 (22.8%)

  60–89 286 (48.3%) 155 (45.3%) 47.10% 44.90% 73 (45.1%) 75 (46.3%)

  90+ 94 (15.9%) 54 (15.8%) 16.30% 15.80% 27 (16.7%) 24 (14.8%)

Previous amputation

  None 591 (99.8%) 341 (99.7%) 0.6 99.80% 98.40% 0.01 161 (99.4%) 161 (99.4%) 0.99

  Minor 0 (0.0%) 1 (0.3%) 0.00% 1.60% 0 (0.0%) 1 (0.6%)

  Major: below the knee 1 (0.2%) 0 (0.0%) 0.20% 0.00% 1 (0.6%) 0 (0.0%)

Previous PVI procedure 40 (6.8%) 33 (9.7%) 0.11 7.60% 8.00% 0.83 13 (8.0%) 12 (7.4%) 0.98

Previous LEB procedure 20 (3.4%) 35 (10.2%) <0.001 5.00% 6.10% 0.47 9 (5.6%) 10 (6.2%) 0.81

# Previously treated/bypassed 
lesions

1.6±0.8 1.6±0.8 0.43 1.6±0.8 1.6±0.8 0.79 1.6±0.7 1.6±0.7 0.82

Procedure*

  Suprainguinal 366 (61.8%) 121 (35.4%) <0.001 54.60% 50.80% 0.29 73 (45.1%) 79 (48.8%) 0.65

  Infrainguinal 210 (35.5%) 215 (62.9%) 43.50% 45.40% 87 (53.7%) 81 (50.0%)

  Tibial 15 (2.5%) 1 (0.3%) 1.80% 3.20% 2 (1.2%) 1 (0.6%)

  Unknown 1 (0.2%) 5 (1.4%) 0.20% 0.60% 0 (0.0%) 1 (0.6%)

Preprocedure lesions† (Mean±SD) 9.0±2.2 8.1±2.9 <0.001 8.7±2.3 8.7±2.4 0.87 8.7±2.5 8.9±2.2 0.93

Iliac severity

  Other (1%–49%) 152 (25.7%) 127 (37.1%) 28.90% 32.70% 0.14 64 (39.5%) 59 (36.4%) 0.912

  Severe (50%–99%) 340 (57.4%) 52 (15.2%) 42.80% 35.20% 39 (24.1%) 40 (24.7%)

  Occluded (100%) 91 (15.4%) 127 (37.1%) 25.10% 27.20% 53 (32.7%) 58 (35.8%)

  Missing 9 (1.5%) 36 (10.5%) 3.30% 4.90% 6 (3.7%) 5 (3.1%)

CFA severity

  Other (1%–49%) 495 (83.6%) 163 (47.7%) 70.60% 70.50% 0.74 118 (72.8%) 113 (69.8%) 0.7

  Severe (50–99%) 47 (7.9%) 93 (27.2%) 18.00% 6.30% 24 (14.8%) 30 (18.5%)
(Continued)
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3.2±1.4% and 8.2±2.5%, log-rank P=0.34) (Figure 3A), whereas 
mortality rates were higher for LEB than for PVI patients present-
ing with CLI (19.3±3.1% and 35.9±3.9% at 1 and 3 years versus 
13.4±4.0% and 26.9±5.9%, log-rank P=0.003) (Figure 3B).

In IPTW propensity-adjusted analyses over the duration 
of follow-up (Table 5), patients presenting with claudica-
tion treated with PVI were significantly less likely than LEB 
patients to die (HR, 0.63; 95% CI, 0.44–0.90). Similarly, 
patients presenting with CLI treated with PVI were also 

significantly less likely than LEB patients to die (HR, 0.75; 
95% CI, 0.59–0.95). In sensitivity analyses using a propensity-
matched cohort, the findings in the claudication cohort were 
similar, but the findings in the CLI cohort were not significant.

Discussion
From this large cohort of PAD patients undergoing peripheral 
revascularization from 2 integrated healthcare delivery systems, 

  Occluded (100%) 5 (0.8%) 43 (12.6%) 4.30% 5.80% 5 (3.1%) 7 (4.3%)

  Missing 45 (7.6%) 43 (12.6%) 7.10% 7.40% 15 (9.3%) 12 (7.4%)

SFA severity

  Other (1%–49%) 194 (32.8%) 109 (31.9%) 0.001 29.40% 34.30% 0.47 47 (29.0%) 54 (33.3%) 0.598

  Severe (50%–99%) 148 (25.0%) 48 (14.0%) 21.50% 18.70% 31 (19.1%) 32 (19.8%)

  Occluded (100%) 212 (35.8%) 150 (43.9%) 42.20% 40.30% 72 (44.4%) 69 (42.6%)

  Missing 38 (6.4%) 35 (10.2%) 7.00% 6.70% 12 (7.4%) 7 (4.3%)

Profunda severity

  Patent 509 (86.0%) 233 (68.1%) <0.001 80.10% 81.60% 0.74 132 (81.5%) 130 (80.2%) 0.94

  Occluded 4 (0.7%) 10 (2.9%) 1.50% 1.90% 3 (1.9%) 4 (2.5%)

  Missing 79 (13.3%) 99 (28.9%) 18.40% 16.50% 27 (16.7%) 28 (17.3%)

Tibial severity

  3 vessel runoff 256 (43.2%) 118 (34.5%) 0.02 38.60% 45.00% 0.16 23 (14.2%) 21 (13.0%) 0.97

  2 vessel runoff 165 (27.9%) 100 (29.2%) 31.90% 24.10% 63 (38.9%) 63 (38.9%)

  1 vessel runoff 89 (15.0%) 59 (17.3%) 15.10% 15.20% 45 (27.8%) 47 (29.0%)

  0 vessel runoff 15 (2.5%) 6 (1.8%) 2.20% 2.00% 25 (15.4%) 27 (16.7%)

  Missing 67 (11.3%) 59 (17.3%) 12.30% 13.70% 23 (14.2%) 21 (13.0%)

Outpatient visits (primary care)

  0–1 59 (10.0%) 27 (7.9%) 0.017 8.10% 8.70% 0.28 13 (8.0%) 13 (8.0%) 0.99

  2–5 308 (52.0%) 160 (46.8%) 53.20% 47.00% 81 (50.0%) 79 (48.8%)

  6–10 147 (24.8%) 118 (34.5%) 27.50% 33.20% 47 (29.0%) 50 (30.9%)

  11+ 78 (13.2%) 37 (10.8%) 11.30% 11.10% 21 (13.0%) 20 (12.4%)

Outpatient visits (medical specialty)

  0 162 (27.4%) 42 (12.3%) <0.001 21.70% 23.50% 0.52 26 (16.1%) 26 (16.1%) 0.9

  1–3 288 (48.6%) 171 (50.0%) 53.10% 48.80% 92 (56.8%) 87 (53.7%)

  4–6 75 (12.7%) 80 (23.4%) 15.20% 15.20% 27 (16.7%) 32 (19.8%)

  7+ 67 (11.3%) 49 (14.3%) 10.00% 12.50% 17 (10.5%) 17 (10.5%)

Emergency department visits

  0 424 (71.6%) 231 (67.5%) 0.374 74.40% 69.80% 0.06 111 (68.5%) 113 (69.8%) 0.09

  1 105 (17.8%) 66 (19.3%) 16.10% 15.30% 36 (22.2%) 24 (14.8%)

  2+ 63 (10.6%) 45 (13.2%) 9.50% 14.90% 15 (9.3%) 25 (15.4%)

Hospital inpatient visits

  0 484 (81.8%) 260 (76.0%) 0.11 80.40% 79.00% 0.88 133 (82.1%) 129 (79.6%) 0.43

  1 69 (11.6%) 51 (14.9%) 13.50% 14.50% 16 (9.8%) 23 (14.2%)

  2+ 39 (6.6%) 31 (9.1%) 6.10% 6.60% 13 (8.0%) 10 (6.2%)

ACS indicates acute coronary syndrome; CABG, coronary artery bypass grafting; CFA, common femoral artery; CHF, congestive heart failure; CKD, chronic kidney 
disease; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate; IPTW, inverse probability of treatment weighted; LEB, lower extremity bypass; MI, 
myocardial infarction; PCI, percutaneous coronary intervention; PVI, peripheral endovascular intervention; SD, standard deviation; and SFA, superficial femoral artery. 

*If multiple levels treated, the lowest level is shown.
†These lesions were based on information available within chart review. Slightly less information was available for surgery, but was still reasonably captured.

Table 2. Continued.

Cohort Unadjusted IPTW Adjusted Matched

PVI LEB P Value PVI LEB P Value PVI LEB P Value

n=592 n=342 n=592 n=342 n=162 n=162
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Table 3. Baseline Characteristics of Patients Undergoing Peripheral Intervention for CLI

Cohort Unadjusted IPTW Adjusted Matched

PVI LEB P Value PVI LEB P Value PVI LEB P Value

n=291 n=633 n=291 n=633 n=174 n=174

Age: mean±SD 72.1±10.9 72.2±10.1 0.87 73.8 + 10.2 72.6 + 9.8 0.08 73.1±10.7 73.0±9.6 0.83

Male sex 145 (49.8%) 357 (56.4%) 0.06 49.5% 53.3% 0.31 90 (51.7%) 95 (54.6%) 0.59

Smoking history

  Current 81 (27.8%) 133 (21.0%) 0.14 24.5% 22.0% 0.05 44 (25.3%) 41 (23.6%) 0.67

  Former 98 (33.7%) 225 (35.5%) 28.0% 35.3% 61 (35.1%) 53 (30.5%)

  Never 33 (11.3%) 64 (10.1%) 8.7% 12.0% 19 (10.9%) 26 (14.9%)

  Nonsmoker: unspecified 22 (7.6%) 61 (9.6%) 12.0% 8.5% 13 (7.5%) 11 (6.3%)

  Unknown 57 (19.6%) 150 (23.7%) 26.8% 22.2% 37 (21.3%) 43 (24.7%)

Previous MI 53 (18.2%) 121 (19.1%) 0.75 16.7% 22.4% 0.06 33 (19.0%) 31 (17.8%) 0.78

PCI or CABG 84 (28.9%) 199 (31.4%) 0.43 30.8% 32.9% 0.52 55 (31.6%) 51 (29.3%) 0.64

Diabetes mellitus 155 (53.3%) 373 (58.9%) 0.11 59.1% 56.9% 0.56 97 (55.7%) 103 (59.2%) 0.52

Previous stroke 62 (21.3%) 219 (34.6%) <0.001 35.7% 31.8% 0.24 46 (26.4%) 47 (27.0%) 0.90

CKD 97 (33.3%) 210 (33.2%) 0.96 32.1% 34.1% 0.57 59 (33.9%) 60 (34.5%) 0.91

CHF 82 (28.2%) 198 (31.3%) 0.34 30.8% 30.7% 0.98 52 (29.9%) 50 (28.7%) 0.81

Hypertension 271 (93.1%) 601 (94.9%) 0.27 95.9% 94.9% 0.53 163 (93.7%) 165 (94.8%) 0.65

COPD 84 (28.9%) 190 (30.0%) 0.72 33.1% 30.9% 0.51 55 (31.6%) 51 (29.3%) 0.64

Lipid disorder 235 (80.8%) 534 (84.4%) 0.17 84.2% 83.8% 0.88 144 (82.8%) 145 (83.3%) 0.89

Previous ACS 138 (47.4%) 342 (54.0%) 0.06 54.6% 54.1% 0.89 89 (51.1%) 85 (48.9%) 0.67

Dialysis mellitus 21 (7.2%) 82 (13.0%) 0.01 7.4% 10.6% 0.14 14 (8.0%) 17 (9.8%) 0.57

GFR category

  <30 37 (12.7%) 137 (21.6%) 0.001 16.8% 18.8% 0.85 25 (14.4%) 27 (15.5%) 0.93

  30–44 34 (11.7%) 106 (16.7%) 15.7% 15.4% 26 (14.9%) 23 (13.2%)

  45–59 73 (25.1%) 129 (19.0%) 24.5% 21.5% 42 (24.1%) 42 (24.1%)

  60–89 95 (32.6%) 173 (27.3%) 28.2% 29.9% 57 (32.8%) 53 (30.5%)

  90+ 52 (17.9%) 97 (15.3%) 14.8% 14.4% 24 (13.8%) 29 (16.7%)

Prior amputation

  None 272 (93.5%) 569 (89.9%) 0.07 92.8% 90.5% 0.72 162 (93.1%) 159 (91.4%) 0.78

  Minor 13 (4.5%) 26 (4.1%) 3.5% 4.2% 6 (3.5%) 9 (5.2%)

  Major: below the knee 4 (1.4%) 28 (4.4%) 2.8% 4.0% 4 (2.3%) 5 (2.9%)

  Major: above the knee 2 (0.7%) 10 (1.6%) 0.9% 1.3% 2 (1.1%) 1 (0.6%)

Previous PVI procedure 19 (6.5%) 41 (6.5%) 0.98 9.4% 6.1% 0.09 11 (6.3%) 10 (5.7%) 0.83

Previous LEB procedure 9 (3.1%) 83 (13.1%) <0.001 10.3% 9.9% 0.85 8 (4.6%) 7 (4.0%) 0.92

# lesions treated or bypassed 1.7±0.9 1.5±0.7 <0.001 1.6±0.7 1.4±0.7 <0.001 1.6±0.8 1.3±0.5 <0.001

Procedure*

  Suprainguinal 86 (29.6%) 68 (10.7%) <0.001 17.9% 16.3% 0.69 34 (19.5%) 34 (19.5%) 0.95

  Infrainguinal 152 (52.2%) 515 (81.4%) 72.8% 72.8% 119 (68.4%) 117 (67.2%)

  Tibial 53 (18.2%) 47 (7.4%) 9.3% 10.6% 21 (12.1%) 23 (13.2%)

  Unknown 0 (0.0%) 3 (7.4%) 0.0% 0.3% 0 (0.0%) 0 (0.0%)

CLI indication

  Rest pain 118 (40.5%) 190 (30.0%) 0.007 35.1% 27.5% 0.06 69 (39.7%) 52 (29.9%) 0.16

  Tissue loss 168 (57.7%) 432 (68.2%) 63.9% 70.7% 102 (58.6%) 118 (67.8%)

  Unspecified 5 (1.7%) 11 (1.7%) 1.1% 1.9% 3 (1.7%) 4 (2.3%)

Preprocedure lesions† (mean±SD) 8.2 + 2.4 7.7 + 2.7 0.10 8.0±2.7 7.8±2.6 0.26 8.1±2.5 8.0±2.4 0.50

Iliac severity

  Other (1%–49%) 142 (48.8%) 347 (54.8%) <0.001 56.4% 53.0% 0.52 100 (57.5%) 104 (59.8%) 0.89

  Severe (50%–99%) 95 (32.6%) 93 (14.7%) 17.8% 17.9% 38 (21.8%) 32 (18.4%)

  Occluded (100%) 33 (11.3%) 116 (18.3%) 17.2% 17.1% 22 (12.6%) 23 (13.2%)
(Continued)
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we found that PVI was associated with lower rates of 30-day 
procedural complications, higher rates of reintervention (TLR 
and TLimb), and no significant difference in amputation rates. 
The outcomes were consistent for patients undergoing these 
procedures for claudication or CLI. These findings add to the 

available literature for the management of patients with PAD 
and highlight areas that need future research.

Specifically, the clinical uncertainty over the best 
approach for treating patients with symptomatic PAD is 
attributable in part to the paucity of data favoring 1 treatment 

  Missing 21 (7.2%) 77 (12.2%) 8.7% 11.9% 14 (8.0%) 15 (8.6%)

CFA severity

  Other (1%–49%) 231 (79.4%) 320 (50.6%) <0.001 66.5% 58.7% 0.09 129 (74.1%) 123 (70.7%) 0.57

  Severe (50%–99%) 25 (8.6%) 141 (22.3%) 15.3% 18.0% 19 (10.9%) 17 (9.8%)

  Occluded (100%) 10 (3.4%) 78 (12.3%) 5.5% 9.4% 8 (4.6%) 14 (8.0%)

  Missing 25 (8.6%) 94 (14.8%) 12.7% 13.9% 18 (10.3%) 20 (11.5%)

SFA severity

  Other (1%–49%) 31 (10.7%) 62 (9.8%) 0.001 6.8% 8.4% 0.40 13 (7.5%) 13 (7.5%) 0.95

  Severe (50%–99%) 65 (22.3%) 79 (12.5%) 15.1% 16.3% 37 (21.3%) 33 (19.0%)

  Occluded (100%) 188 (64.6%) 471 (74.4%) 76.9% 72.6% 121 (69.5%) 125 (71.8%)

  Missing 7 (2.4%) 21 (3.3%) 1.3% 2.7% 3 (1.7%) 3 (1.7%)

Profunda severity

  Patent 249 (85.6%) 457 (72.2%) <0.001 81.7% 75.2% 0.07 146 (83.9%) 140 (80.5%) 0.67

  Occluded 3 (1.0%) 15 (2.4%) 2.5% 2.2% 2 (1.1%) 3 (1.7%)

  Missing 39 (13.4%) 161 (25.4%) 15.8% 22.6% 26 (14.9%) 31 (17.8%)

Tibial severity

  3 vessel runoff 51 (17.5%) 78 (12.3%) 0.01 10.7% 13.5% 0.49 24 (13.8%) 27 (15.5%) 0.91

  2 vessel runoff 91 (31.3%) 158 (25.0%) 27.7% 26.8% 51 (29.3%) 54 (31.0%)

  1 vessel runoff 98 (33.7%) 258 (40.8%) 43.3% 38.5% 65 (37.4%) 65 (37.4%)

  0 vessel runoff 27 (9.3%) 59 (9.3%) 9.3% 9.7% 20 (11.5%) 15 (8.6%)

  Missing 24 (8.2%) 80 (12.6%) 9.1% 11.6% 14 (8.0%) 13 (7.5%)

Outpatient visits (primary care)

  0–1 17 (5.8%) 38 (6.0%) 0.50 5.4% 6.3% 0.94 12 (6.9%) 9 (5.2%) 0.66

  2–5 124 (42.6%) 246 (38.9%) 39.2% 37.6% 72 (41.4%) 80 (46.0%)

  6–10 88 (30.3%) 186 (29.4%) 31.1% 31.4% 51 (29.3%) 53 (30.5%)

  11+ 62 (21.3%) 163 (25.7%) 24.4% 24.8% 39 (22.4%) 32 (18.4%)

Outpatient visits (medical specialty)

0 82 (28.2%) 73 (11.5%) <0.001 18.1% 15.6% 0.28 37 (21.3%) 37 (21.3%) 0.95

  1–3 129 (44.3%) 256 (40.5%) 47.4% 43.0% 78 (44.8%) 81 (46.6%)

  4–6 43 (14.8%) 142 (22.4%) 16.7% 19.3% 29 (16.7%) 25 (14.4%)

  7+ 37 (12.7%) 162 (25.6%) 17.8% 22.0% 30 (17.2%) 31 (17.8%)

Emergency department visits

  0 156 (53.6%) 310 (49.0%) 0.25 53.6% 47.6% 0.13 86 (49.4%) 89 (51.2%) 0.47

  1 72 (24.7%) 155 (24.5%) 27.7% 28.0% 47 (27.0%) 53 (30.5%)

  2+ 63 (21.7%) 168 (26.5%) 18.7% 24.4% 41 (23.6%) 32 (18.4%)

Hospital inpatient visits

  0 198 (68.1%) 392 (61.9%) 0.17 63.9% 60.8% 0.26 116 (66.7%) 111 (63.8%) 0.46

  1 51 (17.5%) 124 (19.6%) 23.2% 21.9% 31 (17.8%) 40 (23.0%)

  2+ 42 (14.4%) 117 (18.5%) 12.9% 17.3% 27 (15.5%) 23 (13.2%)

ACS indicates acute coronary syndrome; CABG, coronary artery bypass grafting; CFA, common femoral artery; CHF, congestive heart failure; CKD, chronic kidney disease; 
CLI, chronic limb ischemia; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate; IPTW, inverse probability of treatment weighted; LEB, lower extremity 
bypass; MI, myocardial infarction; PCI, percutaneous coronary intervention; PVI, peripheral endovascular intervention; SD, standard deviation; and SFA, superficial femoral artery. 

*If multiple levels treated, the lowest level is shown.
†Number of lesions with preprocedure diagnostic occlusion or severity information available in abstracted charts.

Table 3. Continued.
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modality over another. There is an urgent need for contem-
porary comparative trials to guide treatment decisions. In the 
absence of randomized clinical trials, comparative effective-
ness analysis applied to population-based registries can pro-
vide some guidance.14 Using stratified propensity adjustment 
methods, we found that PVI in comparison with LEB for the 
treatment of patients with claudication or CLI was associ-
ated with increased target lesion and target limb revascular-
ization but had similar rates of minor and major amputation. 
Accordingly, the unadjusted Kaplan-Meier results depict 
real-world practice patterns and outcomes as treated in a 
large, integrated healthcare system.

Target lesion revascularization is a common end point in ran-
domized clinical trials of peripheral revascularization and reflects 
the failure of lesion-specific treatment as opposed to progression 
in nontreated segments.15 This end point has traditionally been 
difficult to ascertain in observational registries because it requires 
clinical adjudication and is not captured by administrative coding. 
By using a physician abstraction team of vascular therapy experts 
to review the revascularization procedures, we were able to distin-
guish between target lesion and target limb revascularization pro-
cedures, thereby delineating between treatment failures and the 
progression of disease. Also, the decision to proceed to a repeat 
procedure in our study reflects contemporary real-world practice 

Table 4. Frequency of One or More Complications After PVI or LEB Interventions, Overall and by Indication and Timing 
of Complication

Overall (N=1858)

PVI LEB PVI vs LEB χ2

(n=883) (n=975) RR (95% CI) P Value

Any complication up to 30 days after procedure (≥1) 105 (11.9) 362 (37.1) 0.32 (0.26–0.39) <0.001

During procedure (in OR or laboratory) 49 (5.6) 47 (4.8) 1.15 (0.78–1.70) 0.48

  Major complication* 21 (2.4) 12 (1.2) 1.93 (0.96–3.90) 0.06

  Other complication 39 (4.4) 42 (4.3) 1.03 (0.67–1.57) 0.91

After procedure, predischarge 29 (3.3) 194 (19.9) 0.17 (0.11–0.24) <0.001

  Major complication 16 (1.8) 105 (10.8) 0.17 (0.10–0.28) <0.001

  Other complication 28 (3.2) 144 (14.8) 0.21 (0.14–0.32) <0.001

Postdischarge, up to 30 days after procedure 40 (4.5) 185 (19.0) 0.24 (0.17–0.33) <0.001

  Major complication 14 (1.6) 68 (7.0) 0.23 (0.13–0.40) <0.001

  Other complication 35 (4.0) 161 (16.5) 0.24 (0.17–0.34) <0.001

Claudication indication (N=934) PVI LEB

(n=592) (n=342)

Any complication up to 30 days after procedure 52 (8.8) 105 (30.7) 0.29 (0.21–0.39) <0.001

During procedure (in OR or laboratory) 26 (4.4) 22 (6.4) 0.68 (0.39–1.19) 0.17

  Major complication 11 (1.9) 7 (2.1) 0.91 (0.35–2.32) 0.84

  Other complication 20 (3.4) 18 (5.3) 0.64 (0.34–1.20) 0.16

After procedure, predischarge 13 (2.2) 49 (14.3) 0.15 (0.08–0.29) <0.001

  Major complication 5 (0.8) 21 (6.1) 0.14 (0.05–0.36) <0.001

  Other complication 13 (2.2) 37 (10.8) 0.20 (0.11–0.38) <0.001

Post discharge, up to 30 days after procedure 20 (3.4) 55 (16.1) 0.21 (0.13–0.34) <0.001

  Major complication 7 (1.2) 14 (4.1) 0.29 (0.12–0.71) 0.004

  Other complication 18 (3.) 56 (16.4) 0.19 (0.11–0.31) <0.001

CLI indication (N=924) PVI LEB

(n=291) (n=633)

Any complication up to 30 days after procedure 53 (18.2) 257 (40.6) 0.45 (0.35–0.58) <0.001

During procedure (in OR or laboratory) 23 (7.9) 25 (4.0) 2.00 (1.16–3.47) 0.01

  Major complication 10 (3.4) 5 (0.8) 4.35 (1.50–12.61) 0.003

  Other complication 19 (6.5) 24 (3.8) 1.72 (0.96–3.09) 0.07

After procedure, predischarge 16 (5.5) 145 (22.9) 0.24 (0.15–0.39) <0.001

  Major complication 11 (3.8) 84 (13.3) 0.28 (0.15–0.53) <0.001

  Other complication 15 (5.2) 107 (16.9) 0.30 (0.18–0.51) <0.001

Postdischarge, up to 30 days after procedure 20 (6.9) 130 (20.5) 0.33 (0.21–0.52) <0.001

  Major complication 7 (2.4) 54 (8.5) 0.28 (0.13–0.61) <0.001

  Other complication 17 (5.8) 105 (16.6) 0.35 (0.22–0.58) <0.001

Values for PVI and LEB are stated as n (%). CI indicates confidence interval; LEB, lower extremity bypass; OR, operating room; RR, risk ratio; and PVI, 
peripheral endovascular intervention.

* Major complications listed in methods section and detailed for all indications in online-only Data Supplement Table II.



2008  Circulation  November 24, 2015

patterns. The TLR rates for PVI were 12.3% at 1 year and 19% at 
3 years which are comparable to the 1-year TLR rate of 13% in 
the recent randomized controlled Randomized Study Comparing 
the Edwards Self-Expanding Lifestent versus Angioplasty Alone 
In Lesions Involving the SFA and/or Proximal Popliteal Artery 
(RESILIENT) trial comparing infrainguinal stenting with bal-
loon angioplasty in patients with claudication.16 Furthermore, the 
TLR rates for LEB of 10.8% at 1 year and 16.0% at 3 years in 
patients with CLI are numerically better than a meta-analysis of 
lower extremity bypass procedures for CLI where 1- and 3-year 
TLR rates were 15.7% and 23.4%, respectively.17 Therefore, in 
comparison with the existing literature, the PVI and LEB revas-
cularization rates for both claudication and CLI patients cared 
for in the 2 integrated healthcare delivery systems in this study 
were excellent with relatively favorable long-term patency rates. 
In Kaplan-Meier analysis with propensity adjustment, patients 
receiving PVI were >2 times more likely to require a repeat pro-
cedure than patients receiving LEB. These observed differences 
reflect the median effect over the 7-year duration of the study 
period where PVI was under constant evolution with different 
iterations of new devices and techniques, but LEB, as a proce-
dure, was well established.

Target limb revascularization is a broader definition that 
includes revascularization of the previously treated lesion in 
addition to the progression of disease in the nontreated seg-
ment that results in repeat LEB or PVI. Across the spectrum 
of disease in our study, lesion-specific revascularization com-
prised between 70% and 80% of the revascularization proce-
dures. Therefore, it is far more common for revascularization 
procedures to be related to the previously treated lesion (reste-
nosis or graft failure) as opposed to treatment of de novo dis-
ease, emphasizing the need for better treatment of the incident 
lesion to minimize the need for repeat procedures.

Although PVI was associated with higher TLR and TLimb 
rates in comparison with LEB in patients presenting with CLI, 
there was no difference in the rate of major or minor amputa-
tions. In comparison with the historic literature, where 30% 
of patients with CLI undergo a major amputation within the 
first year,18 our CLI cohort undergoing revascularization pro-
cedures had much lower amputation rates of 15.5% with PVI 
and 18.6% with LEB. There continues to be conflicting evi-
dence from the existing literature regarding the contemporary 
rates of lower extremity amputation procedures nationwide,4 
but our cohort comprised chart-adjudicated CLI patients 
undergoing revascularization and therefore represents a well-
defined clinical population. Recent data from the Centers for 
Medicare and Medicaid Services between 2000 and 2008 
showed a decrease in lower extremity amputations, which was 
attributed to improved screening and PAD care in general.19 
This supports an underlying principle in the treatment for CLI 
that prioritizes revascularization with successful limb perfu-
sion to achieve wound healing and less emphasis on the long-
term patency of the index intervention.20

A major argument for the decision to treat with PVI over 
LEB is the consideration for an increased risk of complications 
with LEB. LaMuraglia et al21 recently reported a high inci-
dence of complications related to bypass surgery with a 2.7% 
mortality and 18.7% major complications, including 7.4% graft 
thrombosis. However, PVI has been reported to have variable 
complication rates of 7% to 17%.20,22,23 A challenge in comparing 
complication rates from 2 different procedures is the difficulty 
in weighing the severity of complications unique to each of the 
procedures as evidenced from recent randomized trials of carotid 
intervention.24–26 In our study, intraprocedural complication rates 
were similar for PVI and LEB, whereas after the procedure, pre-
discharge and postdischarge complications were significantly 
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Figure 1. Cumulative incidence by 
indication and procedure type. Peripheral 
endovascular intervention, solid line (95% 
CI dotted lines); lower extremity bypass, 
long dashed lines (95% CI smaller 
dashed lines); and unadjusted cumulative 
incidence using Kaplan-Meier survival 
models. CI indicates confidence interval; 
and CLI, chronic limb ischemia.
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higher with LEB than with PVI. How these increased risks of 
LEB are weighed against the benefit or decreased reinterven-
tions requires judgment by both patients and treating physicians. 
Perhaps risk prediction and decision-making tools can better 
quantify the risks versus benefits of LEB in comparison with 
PVI to help patients and clinicians make thoughtful decisions 
regarding the best course of treatment.

Finally, mortality rates in patients undergoing lower 
extremity revascularization for claudication and CLI are high, 
approaching 18% and 53%, respectively, with 5.5 years of fol-
low-up. The overall mortality is consistent with the literature 

and represents the severe prognosis, especially in patients 
presenting with CLI. Differential survival by treatment is dif-
ficult to assess given the observational nature of this study and 
the lack of information on concomitant medical therapy for 
cardiovascular disease. Nonetheless, these results emphasize 
the importance of aggressive secondary prevention therapies 
in our patients with peripheral arterial disease.

Limitations
We would like to acknowledge several potential limitations 
of this study. Because this is an observational comparative 

Table 5. Revascularization, Amputation, and Death Outcomes for Claudication and CLI Indication Cohorts

1 y  
Incidence*  
(95% CI)

3 y  
Incidence  
(95% CI)

All Years 
Incidence† 
(95% CI)

HR 1 y  
PVI vs LEB  

IPTW

HR 1 y  
PVI vs LEB  
Matched

HR 3 y  
PVI vs LEB  

IPTW

HR 3 y  
PVI vs LEB  
Matched

HR All Years  
PVI vs LEB  

IPTW

HR All Years  
PVI vs LEB  
Matched

Target lesion

  Claudication 
(N=934)

PVI  
(n=592)

12.3  
(9.6–15.0)

19.0 
(15.5–22.5)

24.6 
(20.0–29.2)

2.16 
(1.28–3.65)

2.63 
(1.16–5.93) 

(n=324)

2.43 
(1.56–3.79)

2.63 
(1.32–5.28) 

(n=324)

2.49 
(1.62–3.81)

2.72 
(1.37–5.44) 

(n=324)LEB  
(n=342)

5.2 (2.8–7.6) 8.3 (5.2–11.4) 10.6 
(6.6–14.7)

  CLI (N=924) PVI  
(n=291)

19.1 
(14.3–23.8)

31.6 
(25.2–37.9)

37.3 
(30.6–44.1)

1.59 
(1.05–2.40)

3.42 
(1.57–6.51) 

(n=348)

2.38 
(1.74–3.24)

2.60 
(1.43–4.71) 

(n=348)

2.29 
(1.69–3.12)

2.44 
(1.36–4.36) 

(n=348)LEB  
(n=633)

10.8 
(8.2–13.3)

16.0 
(12.8–19.2)

22.2 
(18.1–26.3)

Target limb

  Claudication 
(N=934)

PVI  
(n=592)

16.1 
(13.1–19.2)

24.4 
(20.6–28.2)

30.4 
(25.5–35.3)

2.91 
(1.80–4.71)

2.70 
(1.31–5.56) 

(n=324)

2.73 
(1.85–4.04)

2.50 
(1.33–4.65) 

(n=324)

2.59 
(1.79–3.74)

2.57 
(1.39–4.77) 

(n=324)LEB  
(n=342)

6.4 (3.7–9.0) 11.3 
(7.7–14.8)

11.5 
(7.0–16.1)

  CLI (N=924) PVI  
(n=291)

26.5 
(21.2–31.8)

38.9 
(32.3–45.4)

50.7 
(40.5–61.0)

1.62 
(1.13–2.32)

2.44 
(1.36–4.36) 

(n=348)

2.09 
(1.58–2.77)

1.96 
(1.18–3.23) 

(n=348)

2.17 
(1.65–2.84)

1.80 
(1.10–2.94) 

(n=348)LEB  
(n=633)

13.4 
(10.6–16.2)

21.0 
(17.4–24.6)

30.4 
(24.4–36.5)

Major amputation‡

  CLI (N=834) PVI  
(n=270)

15.5 
(11.0–20.0)

21.2 
(15.8–26.6)

28.1 
(20.8–35.4)

0.84 
(0.58–1.23)

0.57 
(0.28–1.16) 

(n=316)

0.84 
(0.60–1.17)

0.58 
(0.31–1.09) 

(n=316)

0.95 
(0.71–1.29)

0.63 
(0.34–1.15) 

(n=316)LEB  
(n=564)

18.6 
(15.3–22.0)

25.4 
(21.5–29.4)

32.2 
(26.8–37.5)

Minor amputation

  CLI (N=834) PVI  
(n=270)

13.9  
(9.5–18.2)

17.9 
(12.8–23.0)

21.2 
(15.2–27.1)

0.64 
(0.42–0.98)

0.42 
(0.21–0.86) 

(n=316)

0.80 
(0.55–1.15)

0.50 
(0.26–0.95) 

(n=316)

0.82 
(0.57–1.17)

0.48 
(0.26–0.91) 

(n=316)LEB  
(n=564)

19.0  
(15.6–22.4)

22.2 
(18.5–25.9)

23.9 
(19.8–28.0)

Death

  Claudication PVI 
(N=592)

3.2  
(1.7–4.6)

8.2  
(5.7–10.6)

16.8 
(12.7–20.9)

0.57 
(0.30–1.07)

0.40 
(0.13–1.28) 

(n=324)

0.79 
(0.49–1.29)

0.35 
(0.14–0.90) 

(n=324)

0.63 
(0.44–0.90)

0.43 
(0.20–0.94) 

(n=324)LEB  
(n=342)

4.8  
(2.5–7.0)

9.9  
(6.6–13.2)

18.3 
(13.0–23.5)

  CLI PVI  
(n=291)

13.4 
(9.4–17.4)

26.9 
(21.0–32.8)

43.5 
(34.9–23.5)

0.64 
(0.44–0.92)

0.65 
(0.37–1.17) 

(n=348)

0.63 
(0.47–0.84)

0.91 
(0.56–1.48) 

(n=348)

0.75 
(0.59–0.95)

1.00 
(0.63–1.59) 

(n=348)LEB  
(n=633)

19.3 
(16.2–22.5)

35.9 
(32.0–39.9)

52.6 
(47.7–57.6)

CI, confidence interval; CLI, chronic limb ischemia; HR, hazard ratio; IPTW, inverse probability of treatment weighted; LEB, lower extremity bypass; and PVI, peripheral 
endovascular intervention.

* Unadjusted Kaplan-Meier incidence estimates. 
†All year incidence rates reflect ≈5.5 years.
‡Amputation only estimated for CLI cohort (low number in claudication cohort). Patients with planned subsequent amputations were excluded.
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effectiveness study, patients were not randomly assigned to 
LEB or PVI. The decision to choose 1 approach versus the 
other may be related to unmeasured factors associated with the 
clinical outcomes. To reduce potential confounding by indica-
tion bias we used 2 different propensity methods to balance 
the covariates among patients undergoing the 2 revasculariza-
tion strategies. We found comparable results by using IPTW 
and matched propensity score analyses. The matched analyses 
estimated treatment differences selecting patients with char-
acteristics of those who received the less common treatment 
(LEB for patients with claudication and PVI for patients with 
CLI). In contrast, the IPTW models aimed to estimate treat-
ment effects for a full population. The similar results imply 
that patterns seen in this study did not depend on the patient 

population selected. Nevertheless, despite the methodological 
rigor of our study design and analysis, we may not have been 
able to eliminate the impact of unmeasured confounding.

Second, this study included patients undergoing periph-
eral revascularization within 2 integrated healthcare delivery 
systems, the findings of which may not be generalizable to 
other healthcare settings. However, the demographics, comor-
bidities, and extent of vascular disease of patients in this 
cohort are comparable to other observational and randomized 
controlled studies of peripheral revascularization.

Third, this study represents an era before the approval of 
drug-eluting balloons, the routine use of drug-eluting stents in 
the tibial arteries, and advanced retrograde tibial techniques. 
These advances may narrow the gap between PVI and LEB in 
target lesion and target limb revascularization rates.

Finally, our study did not evaluate health status outcomes 
(symptoms, function, and quality of life). The extent to which 
PVI and LEB impact patient short- and long-term health sta-
tus is an important factor to consider in selecting a procedure. 
To date, most studies of revascularization have focused on 
patency, which does not necessarily correlate with patient-
reported symptoms or measured exercise impairment.27 
Therefore, measurement of the impact of different revascular-
ization strategies on health status is critical to support future 
comparative effectiveness studies of PAD treatment.

Conclusions
In conclusion, among patients undergoing revascularization for 
PAD in 2 large integrated healthcare delivery systems, PVI was 
associated with higher rates of reintervention (TLR and TLimb) 
at 1 and 3 years following the procedure in comparison with 
LEB. However, PVI was associated with lower rates of compli-
cations up to 30 days following the procedure. There were no 
differences in amputation rates between PVI and LEB. These 
findings provide additional evidence to the risk-benefit discus-
sion regarding the optimal strategy for revascularization of PAD.
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Figure 2. Cumulative incidence by 
indication and procedure type. Peripheral 
endovascular intervention, solid line (95% 
CI dotted lines); lower extremity bypass, 
long dashed lines (95% CI smaller 
dashed lines); and unadjusted cumulative 
incidence using Kaplan Meier survival 
models. CI indicates confidence interval; 
and CLI, chronic limb ischemia.
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CLINICAL PERSPECTIVE
Treatment for symptomatic peripheral artery disease includes lower extremity bypass surgery (LEB) or peripheral vascular 
interventions (PVI). Given the paucity of randomized controlled trials in this area, there are limited data on the safety and 
effectiveness of LEB and PVI to help clinicians and patients decide on either therapy. In a large integrated healthcare sys-
tem, we studied 975 patients undergoing LEB and 883 patients undergoing PVI for lower extremity claudication or chronic 
limb ischemia. The average patient was 70 years of age, and half of the patients were treated for claudication. The rates of 
target lesion revascularization were greater for PVI than for LEB in patients presenting with claudication and chronic limb 
ischemia; however, LEB was associated with an increased rate of complications up to 30 days following the procedure. 
There were no differences in amputation rates between the 2 groups. Therefore, although PVI is associated with fewer com-
plications, rates of repeat revascularization are higher. Weighing the risks and benefits of each procedure will hopefully help 
clinicians and their patients decide on treatment. Future studies should focus on randomized comparisons and risk models 
that refine the risk/benefit ratio for each patient.
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