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Independent Impact of Peripheral Artery 
Disease on Percutaneous Coronary 
Intervention
Leor Perl ,  MD; Tamir Bental, MD; Hana Vaknin-Assa, MD; Abid Assali, MD; Pablo Codner, MD;  
Yeela Talmor-Barkan, MD, PhD; Gabriel Greenberg, MD; Abed Samara, MD; Guy Witberg , MD;  
Katia Orvin, MD; Ran Kornowski, MD

BACKGROUND: Peripheral artery disease (PAD) is a known risk factor for adverse outcomes in patients undergoing percutane-
ous coronary intervention. However, in some studies PAD is not an independent risk factor. We sought to examine the inde-
pendent impact of PAD on a large prospective percutaneous coronary intervention registry.

METHODS AND RESULTS: From our single-center prospective percutaneous coronary intervention registry, we have retrospec-
tively analyzed 25 690 patients (years 2004–2018). We examined the influence of PAD on short- and long-term outcomes 
using both regression and propensity-matched analyses. Patients with documented PAD (n=1610, 6.3% of total) were older 
(66.7±10.8 versus 65.4±12.1, P<0.01), had higher rates of diabetes mellitus (69.3% versus 46.3%, P<0.01), hypertension (92.1% 
versus 76.1%, P<0.01) and renal failure (38.3% versus 18.2%, P<0.01). There were no differences in the rates of stable versus 
acute presentations, but less were treated with Prasugrel and Ticagrelor (3.3% versus 8.0% and 7.9% versus 11.9%, respec-
tively, P<0.001 for both). Both 30-day and 3-year rates of all-cause death and major adverse cardiac events were higher for pa-
tients with PAD versus control (4.9% versus 2.1% and 7.3% versus 3.3% death and major adverse cardiac events at 30 days, 
respectively; 43.4% versus 29.0% and 55.0% versus 37.8%, respectively at 3 years, P<0.001 for all). Following multivariate 
analysis, the presence of PAD was associated with a higher risk of both death (hazard ratio [HR], 1.66; CI 1.52–1.83; P<0.001) 
and major adverse cardiac events (HR, 1.51; CI, 1.40–1.64; P<0.001).

CONCLUSIONS: PAD constitutes an independent risk factor for adverse outcomes in patients undergoing percutaneous coro-
nary intervention. Further studies are needed to ascertain which effective therapies may mitigate this risk.
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Peripheral artery disease (PAD) is a common vas-
cular condition, estimated to occur in >200 million 
people worldwide, with a spectrum of symptoms 

ranging from none to severe.1,2 Patients with PAD are 
at high risk of complications, including cardiovascular 
death, stroke, and myocardial infarction (MI).3,4 In pa-
tients with coronary artery disease, PAD is more com-
mon. In fact, the prevalence of PAD (based on ankle 
brachial index <0.9) is over 2-fold higher in patients with 
a history of MI versus those without. Conversely, the 

prevalence of history of MI is 2.5× as high in subjects 
with PAD versus those without; for angina, congestive 
heart failure, stroke, and transient ischemic attack, the 
prevalence rates are 1.9, 3.3, 3.1, and 2.3× as high, 
respectively.5 In those patients undergoing percutane-
ous coronary intervention (PCI), PAD is present in 7% 
to 20% of the cases.6–10

Early studies have shown a strong independent ef-
fect of PAD on prognosis, raising the risk for mortality 
in stable coronary artery disease patients by 25%.11 It 
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has also been shown that PAD increases the risk in 
those patients undergoing PCI.8,12,13 However, in some 
studies the risk is associated with confounding factors, 
and is not an independent risk factor.9 We therefore 
sought to examine the independent impact of PAD on 
a large prospective PCI registry.

METHODS
Patients and Setting
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request. The Rabin Medical Center PCI registry 
is a prospective database of all consecutive patients 
undergoing PCI at 2 hospitals, the Beilinson and 
HaSharon medical centers. We have analyzed informa-
tion based on 25 690 patients from the years 2004 to 
2018; 1610 of these patients, 6.3% of the total PCI co-
hort, were found to have documented PAD. PAD was 
defined by either a positive non-invasive testing, such 
as ankle brachial index <0.9 or confirmatory computed 
tomography or past clinical events diagnostic of PAD. 
These events included vascular reconstruction history 
of chronic or acute occlusion or atherosclerotic nar-
rowing of the arterial lumen of the aorta or extremi-
ties, claudication with exertion, extremity ischemic rest 
pain, amputation for arterial insufficiency, documented 

aortic aneurysm, documented renal artery stenosis, 
bypass surgery, or percutaneous intervention to the 
extremities. Patients were not screened for asympto-
matic PAD.

Data Collection
As we reported previously,14 the Rabin Medical Center 
PCI registry includes data on the index and subsequent 
procedures, as well as clinical and echocardiographic 
information. All data were extracted from the patients’ 
electronic medical record system. Demographic data 
and death dates were obtained from the medical cent-
ers’ demographic information system, which is linked 
to the state of Israel Ministry of Interior data system and 
the Clalit health organization (Israel’s largest mandated 
health service organization) data warehouse. The ac-
curacy of the mortality data was verified with the Israel 
Central Bureau of Statistics. All data about prior and 
subsequent hospitalizations, including all International 
Classification of Diseases, Ninth Revision (ICD-9) di-
agnoses, were retrieved from the medical centers’ 
data warehouse. Laboratory data were retrieved from 
the medical centers’ central laboratory database. 
Renal failure was defined as glomerular filtration rate 
<60 mL/min per 1.73 m2 (calculated according to the 
Modification of Diet in Renal Disease formula). Anemia 
was defined as hemoglobin levels <13.0 g/dL for men 
and 12.0 g/dL for women. Because of the methodo-
logical nature of the study, no patients were excluded. 
This single-center registry was approved by the Ethics 
Committee of Rabin Medical Center.

Interventional Procedure
All patients provided explicit written informed con-
sent before undergoing cardiac catheterization. 
Administration of anticoagulants were adjusted to 
achieve an activated clotting time of 200 to 250 sec-
onds during the procedure. All patients were also 
treated with aspirin 200 to 300 mg before PCI, clopi-
dogrel 300 to 600 mg, prasugrel 60 mg, or ticagrelor 
180  mg (in acute coronary syndromes) either before 
PCI (pretreatment, in cases of acute coronary syn-
dromes) or immediately after completion of the proce-
dure (in elective cases). Glycoprotein IIb/IIIa inhibitors 
were used during the procedure and immediately fol-
lowing the PCI, at the discretion of the operator. The 
choice of the type of coronary stent and other adjunct 
therapy were left to the discretion of the primary op-
erator and shifted exclusively towards drug-eluting 
stents in recent years. All stents were implanted with 
moderate-to-high deployment pressure (12–16  atm). 
All patients received recommendation to continue dual 
antiplatelet therapy with aspirin 100  mg daily and a 
P2Y12 inhibitor (clopidogrel, prasugrel, or ticagrelor) for 
at least 12 months after the PCI.

CLINICAL PERSPECTIVE

What Is New?
• We examined the independent impact of pe-

ripheral artery disease on a large prospective 
percutaneous coronary intervention registry.

• The presence of peripheral artery disease was 
associated with a higher risk of both death and 
major adverse cardiac events, even after ac-
counting for confounding factors.

What Are the Clinical Implications?
• Patients with peripheral artery disease must be 

screened for unique cardiovascular and pro-
cedural risk factors, such as rates of left main 
coronary artery disease and calcified vessels, 
which translate to increased risk of both is-
chemic and bleeding events.

• Further studies are needed to ascertain which 
effective therapies may mitigate this risk.

Abbreviation

MACE major adverse cardiac events
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Study End Points
Immediate and in-hospital clinical events were pro-
spectively recorded in the institutional database. 
Definitions on repeat MI were obtained from the 
Rabin Medical Center ST-segment‒elevation MI da-
tabase, which records detailed data on all patients. 
Administrative data on patients living at a distance 
from our institution was retrieved to check for repeat 
hospitalizations in intensive care units and repeat 
PCIs in other hospitals. The number of events was 
small and equal in both groups (<1%), therefore dis-
regarded in further analysis.

Primary outcomes included all-cause mortal-
ity and major adverse cardiac events (MACE), which 
comprised death, repeat MI, need for target vessel 
revascularization, and/or coronary artery bypass sur-
gery (CABG). Secondary outcomes included in-hos-
pital death and cerebrovascular events (composed of 
stroke and transient ischemic attack).

Statistical Analysis
Continuous data are summarized as mean and SD, 
or median and interquartile range, and categorical 
data, as frequency (%). Student t-test or analysis of 
variance was used to compare continuous variables 
between groups, and Chi-square or Fisher exact 
test was used for categorical variables. The normal-
ity of variable distributions was assessed using the 
Kolmogorov–Smirnov test. Time-to-event curves 
were constructed using the Kaplan–Meier method 
and compared using log-rank test. Effect sizes are 
presented as hazard ratio (HR) and 95% CI. Stepwise 
variable selection of significant univariate predictors 
(P<0.1) was used to identify variables for inclusion in 
the multivariate model. Cox regression analysis was 
performed to determine independent predictors of 
the primary end point, accounting for known base-
line cardiovascular risk differences, which included: 
age, sex, diabetes mellitus, renal failure, hyperten-
sion, obesity, peripheral vascular disease, and cer-
ebrovascular accident. A propensity score was then 
computed using a multivariable logistic regression 
model with receipt of patients with PAD as the inde-
pendent variable and all pre-PCI and intraprocedural 
variables as covariates. Propensity score matching 
was performed using a “closest neighbor, greedy” al-
gorithm, attempting to match patients with PAD with 
a patient from the rest of the cohort with the clos-
est propensity score. To control for adequate match-
ing, we calculated the standardized differences of 
means and of dichotomous variable distributions for 
the covariates used for the matching as proposed by 
Austin.15 We regarded a cutoff value of ±0.96×[√(2/n)] 
to assume the prevalence of a covariate is equal be-
tween 2 groups with equal number of subjects, in this 

case 0.07. All standardized differences were below 
that cutoff value (Table S1). Each pair was used once. 
Unpaired patients were discarded from analysis; 
1605 well-matched pairs of patients in each group 
(PAD=1605, rest of cohort=1605) were selected. All 
statistical analyses were performed with IBM SPSS 
V.26. A P value of <0.05 was considered statistically 
significant.

RESULTS
Patients with PAD (n=1610, 6.3% of total) were older 
(66.9±10.8 versus 65.4±12.1, P<0.01), with no differ-
ences in sex or rates of obesity. Patients with PAD 
also had higher rates of diabetes mellitus (69.3% 
versus 46.3%, P<0.01), hypertension (92.1% ver-
sus 76.1%, P<0.01), anemia (71.3% versus 51.0%, 
P<0.01), and renal failure (38.3% versus 18.2%, 
P<0.01). Also, mean left ventricular ejection fraction 
was lower (52.7±10.1% versus 54.7±8.9%, P<0.01). In 
a minority of the patients who were tested for levels 
of C-reactive protein (n=1302, 312 patients with PAD, 
990 for controls), there were no significant differ-
ences between the 2 groups (0.62±0.12 mg/dL ver-
sus 0.58±0.11 mg/dL, P=0.212, Table 1). As for the 

Table 1. Baseline Characteristics

Parameter
Control 

(n=24 080)
PAD 

(n=1610) P Value

Age, y 65.4±12.1 66.9±10.8 <0.001

Female sex, % 22.1 22.9 0.502

Obesity, % 28.1 27.6 0.315

Diabetes mellitus, % 46.3 69.3 <0.001

Hypertension, % 76.1 92.1 <0.001

Prior smoking, % 36.1 43.7 <0.001

Renal failure, % 18.2 38.3 <0.001

Prior CHF, % 10.6 21.7 <0.001

Prior COPD, % 8.5 14.9 <0.001

Prior malignancy, % 10.3 13.4 <0.001

Atrial fibrillation, % 15.8 20.1 0.081

Prior anemia, % 51.0 71.3 <0.001

C-reactive protein, 
mg/dL

0.62±0.12 
(n=312)

0.58±0.11 
(n=990)

0.212

Dementia, % 1.9 2.0 0.715

Prior myocardial 
infarction, %

19.1 31.2 <0.001

Moderate-to-severe 
LVEF, %

15.8 26.1 <0.001

Mean LVEF, % 54.7±8.9 52.7±10.1 <0.001

CABG, % 13.3 28.3 <0.001

Stroke, % 6.0 17.3 <0.001

CABG indicates coronary artery bypass surgery; CHF, congestive heart 
failure; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular 
ejection fraction; and PAD, peripheral artery disease.
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presentation of patients during PCI, less PCI were 
performed because of MI in PAD group (27.6% ver-
sus 32.1%, P<0.01). Lesions were more often heav-
ily calcified (14.4% versus 11.7%, P<0.01), involved 
unprotected left main arteries (4.4% versus 2.9%, 
P<0.01) but less demonstrated chronic total occlu-
sions (9.1% versus 12.4%, P<0.01). In agreement 
with the lower rates of acute cases of PCI, less were 
treated with the new P2Y12 inhibitors, prasugrel and 
ticagrelor (3.3% versus 8.0% and 7.9% versus 11.9%, 
respectively; P<0.001 for both, Table 2).

There were no significant differences in in-hospital 
rates of death or cerebrovascular event. The 30-day 
rates of both death and MACE were higher for patients 

with PAD versus control (4.9% versus 2.1%, and 7.3% 
versus 3.3%, respectively; P<0.001 for both). Both at 
1 year and at 3 years, all outcomes were worse for pa-
tients with PAD as well: 20.1% died in the PAD group, 
as opposed to 10.6% without, P<0.001; and 29.0% ex-
perienced MACE, versus 16.8% in the control group, 
P<0.001. At 3 years, the difference became even larger, 
with 43.4% versus 29.0% death rates, 54.9% versus 
37.8% MACE rates, higher rates of CABG, recurrent 
MI, and target vessel revascularization, P<0.001 for all 
(Table 3).

Following multivariate analysis, using Cox re-
gression, the presence of PAD was associated with 
a higher risk of both death (HR, 1.66; CI, 1.52–1.83; 
P<0.001; Figure 1 and Table 4) and MACE (HR, 1.51; 
CI, 1.40–1.64; P<0.001; Figure 2 and Table 5).

The propensity match score was able to form 1605 
matched pairs of PAD/control patients, showing similar 
results; patients with PAD suffer from a higher risk of 
MACE (HR, 1.36; CI, 1.24–1.49; P<0.001, Figure 3) and 
all-cause mortality (HR, 1.30; CI, 1.18–1.47; P<0.001, 
Figure 4).

In a separate analysis we assessed indepen-
dent predictors for worse outcomes within the PAD 
group, and found patient age (HR, 1.05; CI, 1.04–
1.06; P<0.001), female sex (HR, 1.24; CI, 1.03–1.49; 
P=0.026), prior diabetes mellitus (HR, 1.44; CI, 1.18–
1.76; P<0.001), renal failure (HR, 1.94; CI, 1.63–2.30; 
P<0.001), and unprotected left main PCI (HR, 1.59; 
CI, 1.04–1.06; P<0.001) to increase risk for death, 
whereas better left ventricular ejection fraction re-
duced risk (HR, 0.97; CI, 0.96–0.98 for each addi-
tional 1% in left ventricular ejection fraction; P<0.001). 
With regards to MACE, patient age (HR, 1.03; CI, 
1.02–1.04; P<0.001), prior diabetes mellitus (HR, 
1.22; CI, 1.03–1.46; P=0.025), prior MI (HR, 1.23; 

Table 2. Procedural Characteristics

Parameter
Control 

(n=24 080) PAD (n=1610) P Value

PCI for myocardial 
infarction, %

32.1 27.6 <0.001

Cardiogenic shock, % 1.2 1.1 0.232

No. of territories 1.2±0.4 1.2±0.4 0.050

No. of vessels involved 1.7±0.8 1.9±1.0 0.131

Multivessel disease, % 49.5 52.6 0.083

No. of stents placed 1.9±0.9 2.0±1.1 0.126

Radial, % 56.9 47.8 <0.001

Drug-eluting stent, % 68.7 69.2 0.348

Unprotected LMCA PCI, % 2.9 4.4 0.001

Calcification, % 11.7 14.4 0.010

GP2B3A inhibitors, % 9.2 7.2 0.037

Bifurcation, % 12.0 9.1 0.075

Chronic total occlusion, % 12.4 9.1 <0.001

Hemoglobin A1c, % 7.189±1.9 8.431±2.3 <0.001

Hemoglobin, g/dL 13.3±1.8 12.4±2.0 <0.001

Periprocedural hemoglobin 
change, g/dL

−0.8±0.8 −0.9±1.0 0.245

Platelet count, ×103/mm3 230.6±73.7 227.5±80.6 0.118

Creatinine, mg/dL 1.1±0.8 1.7±1.8 <0.001

Total cholesterol, mg/dL 168.763±44.8 163.600±49.7 <0.001

Triglycerides, mg/dL 156.9±106.2 172.8±145.1 <0.001

Aspirin on discharge, % 96.1 94.9 0.034

Clopidogrel, % 78.7 86.9 <0.001

Ticagrelor, % 11.9 7.9 <0.001

Prasugrel, % 8.0 3.3 <0.001

VKA, % 4.9 8.8 <0.001

NOACs, % 2.4 2.2 0.739

ACEi/ARB, % 83.2 81.1 0.035

Beta-blockers, % 80.0 81.5 0.177

Statin, % 96.7 95.7 0.042

Diuretics, % 26.2 41.1 <0.001

ACEi/ARB indicates angiotensin-converting enzyme inhibitors or 
angiotensin II receptor blockers; LMCA, left main coronary artery; NOACs, 
novel oral anticoagulants; PAD, peripheral artery disease; PCI, percutaneous 
coronary intervention; and VKA, vitamin K antagonists.

Table 3. Outcome Comparison

Parameter
Control 

(n=24 080)
PAD 

(n=1610) P Value

In-hospital death, % 1.8 3.0 0.211

In-hospital CVA, % 1.0 1.0 0.822

30-d death, % 2.1 4.9 <0.001

30-d MACE, % 3.3 7.3 <0.001

1-y death, % 10.6 20.1 <0.001

1-y MACE, % 16.8 29.0 <0.001

3-y death, % 29.0 43.9 <0.001

3-y MACE, % 37.8 54.9 <0.001

3-y CABG, % 3.0 5.8 <0.001

3-y recurrent 
myocardial infarction, %

2.5 10.4 <0.001

3-y TVR, % 12.0 19.9 <0.001

CABG indicates coronary artery bypass surgery; CVA, cerebrovascular 
event; MACE, major adverse cardiac events; PAD, peripheral artery disease; 
and TVR, target vessel revascularization.
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CI, 1.05–1.45; P=0.01), renal failure (HR, 1.59; CI, 
1.36–1.85; P<0.001), and unprotected left main PCI 
(HR, 1.49; CI, 1.07–2.07; P=0.017) increased risk for 
death, whereas better left ventricular ejection fraction 
reduced risk (HR, 0.98; CI, 0.97–0.99 for each addi-
tional 1% in left ventricular ejection fraction; P<0.001).

DISCUSSION
In this study, we have examined the independent im-
pact of PAD on patients undergoing PCI in a large pro-
spective registry. Our results show an increased risk 
for this patient cohort, even after correcting for base-
line differences in patient characteristics.

Our observations are in agreement with other 
studies assessing the prevalence of PAD in patients 
undergoing PCI,8,9,13 as well as the influence of PAD 
on outcomes. An early study based on the histori-
cal CASS (Coronary Artery Surgery Study) registry 
showed that PAD is a strong, independent predictor 
of long-term mortality in patients with stable coro-
nary artery disease.11 Subsequent and more contem-
porary studies have confirmed this observation in 
different cohorts, including in those treated with 
PCI.8,9,12 One study, based on the Cornell Angioplasty 
Registry database, showed that while PAD was as-
sociated with higher rates of mortality, the difference 
was mainly driven by a higher rate of comorbidities 
in the PAD population that underwent PCI. However, 
the study excluded patients with ST-segment‒eleva-
tion MI, hemodynamic instability, or renal failure.9 In 

our study, all patients treated by PCI were included, 
possibly explaining these differences in outcomes, 
shedding light on real-world and most contempo-
rary outcomes of all-comers. In the recent study 
by Ramzy et al,8 1251 of 18  380 patients from an 
Australian PCI registry had PAD. In their experience, 
PAD was independently associated with worse out-
comes, and drug-eluting stents were found to have 
a protective effect. ST-segment‒elevation MI and 
patients with renal failure were included. However, 
nearly 90% of the patients were treated using the 
transfemoral approach, whereas in our study >50% 
of the control group and 47.8% of the PAD group 
were treated using the transradial approach—cur-
rently the default approach in most medical centers 
and according to the guidelines.16,17 Our findings thus 
add valuable information on the importance of PAD 
as an independent risk factor for adverse outcomes 
in contemporary practice.

As for the cause of increased risk, there are several 
potential mechanisms. Several studies have shown 
that patients with PAD have high rates of concomitant 
multivessel coronary artery disease, including left main 
coronary artery involvement.18,19 In our study, there 
were no significant differences in the rates of multives-
sel coronary artery disease during coronary angiogra-
phy, but there were higher rates of left main disease, 
more heavily calcified lesions, as well as decreased av-
erage left ventricular function. These patients possibly 
present with a higher atherosclerotic burden, and more 
complex coronary artery disease during PCI. Patients 

Figure 1. Adjusted risk for major adverse cardiac events.
HR indicates hazard ratio; MACE, major adverse cardiac events; and PAD, peripheral artery disease.
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with PAD are also expected to suffer higher rates of 
peri-procedural bleeding. Such was the case in the 
study by Ramzy et al.8 In our study, there is information 
of the change in hemoglobin before and after PCI, and 

there were no major differences, possibly because of 
the higher rates of the transradial approach practice. 
Finally, it was suggested that patients with PAD have 
an increased inflammatory state, and several cytokines 
were shown to have increased levels in this patient 
population, correlating with ankle brachial index.20,21 In 
fact, in some studies, inflammatory biomarkers were 
the strongest risk factor contributing to the excess risk 
of PAD in patients with CAD.3

What are our ways of mitigating risk in patients 
with PAD and coronary artery disease undergo-
ing revascularization? While antiplatelet therapy 
is known to reduce the incidence of MACE in pa-
tients with PAD,22,23 previous studies have failed to 
demonstrate efficacy of extended duration dual an-
tiplatelet therapy or additional anticoagulation with 
vitamin-K antagonists.24,25 However, more recently in 
the COMPASS (Cardiovascular Outcomes for People 
Using Anticoagulation Strategies) trial, of the 27 395 
stable coronary artery disease patients, 7470 (27.3%) 
had a history of PAD. Patients treated with rivaroxaban 
(2.5  mg twice daily) plus aspirin had better cardio-
vascular outcomes and more major bleeding events 
than those assigned to aspirin alone. Importantly, ri-
varoxaban (5  mg twice daily) alone did not result in 
better cardiovascular outcomes than aspirin alone 
and resulted in more major bleeding events.26 In a 
prespecified subgroup analysis 16 560 patients from 
the COMPASS trial with or without previous PCI 
(PCI, n=9862; no PCI, n=6698), the combination of 
both rivaroxaban and aspirin was associated with 

Figure 2. Adjusted risk for death.
HR indicates hazard ratio; and PAD, peripheral artery disease.

Table 4. Cox Regression for Death

Parameter HR 95% CI P Value

Age at PCI, y 1.024 1.021–1.026 <0.001

Male sex 0.731 0.673–797 <0.001

Diabetes mellitus 0.904 0.829–0.976 0.014

Hypertension 0.790 0.698–0.893 <0.001

Prior CHF 0.908 0.835–0.987 0.027

COPD 1.737 1.609–1.882 <0.001

Dementia 1.510 1.285–1.775 <0.001

Prior myocardial infarction 1.018 0.945–1.091 0.631

LVEF (for each additional 
1%)

0.978 0.975–0.981 <0.001

Renal failure 1.815 1.698–1.941 <0.001

Prior Stroke 0.579 0.504–0.666 <0.001

PCI for unprotected LMCA 1.563 1.362–1.796 <0.001

PCI for myocardial 
infarction

1.104 1.038–1.174 0.002

Radial 0.882 0.810–0.957 0.002

No. of vessels treated 1.155 0.682–1.829 0.816

Drug-eluting stent 0.910 0.832–0.978 0.040

PAD 1.662 1.516–1.825 <0.001

CHF indicates congestive heart failure; COPD, chronic obstructive 
pulmonary disease; HR, hazard ratio; LMCA, left main coronary artery; LVEF, 
left ventricular ejection fraction; PAD, peripheral artery disease; and PCI, 
percutaneous coronary intervention.



J Am Heart Assoc. 2020;0:e017655. DOI: 10.1161/JAHA.120.017655 7

Perl et al Outcomes of PCI in Patients With PAD

reductions in the primary composite outcome in those 
with a previous PCI, irrespective of time from PCI oc-
currence. Notably, although there were more major 
bleeding events, there was no significant excess in 

fatal bleeding, critical organ bleeding, or intracranial 
hemorrhage with the combination therapy, and a con-
sistent reduction in all-cause death was observed.27 
In a separate analysis of 6391 patients with lower ex-
tremity PAD, combination therapy also reduced the 
risk of major adverse limb events by 43% (P=0.01), 
total vascular amputations by 58% (P=0.01), periph-
eral vascular interventions by 24% (P=0.03), and all 
peripheral vascular outcomes by 24% (P=0.02).28 
Therefore, novel oral anticoagulation agents such as 
low-dose rivaroxaban may pose a treatment option for 
patients with PAD undergoing PCI.

Is PAD an important factor in the decision of per-
forming CABG or PCI? Previous studies showed that 
PAD is an independent risk for adverse events in pa-
tients undergoing CABG as well.29,30 In the study by 
Farooq et al, assessing clinical and anatomic variables 
from the Synergy between PCI with Taxus and Cardiac 
Surgery (SYNTAX) score II to guide the choice of re-
vascularization strategy, PAD had negligible interaction 
effects on outcomes.31 A separate study assessing 
predictors of adverse events after CABG versus PCI 
for left main or multivessel coronary artery disease 
also showed that PAD was an independent predictor 
of death from any cause in both groups, as opposed 
to diabetes mellitus, previous MI, and SYNTAX score 
which were differentially predictive of long-term out-
comes after PCI. Therefore, there is no clear benefit to 
either approach.32 However, in some cases, patients 
with PAD may benefit from bypass surgery, especially 

Table 5. Cox Regression for MACE

Parameter HR 95% CI P Value

Age at PCI, y 1.004 1.003–1.020 <0.001

Male sex 0.771 0.709–0.832 <0.001

Diabetes mellitus 1.046 0.971–1.133 0.232

Hypertension 1.136 1.020–1.264 0.020

Prior CHF 1.086 1.006–1.172 0.035

COPD 1.421 1.316–1.535 <0.001

Dementia 1.364 1.162–1.593 <0.001

Prior myocardial infarction 1.145 1.080–1.220 <0.001

LVEF (for each additional 1%) 0.984 0.981–0.989 <0.001

Renal failure 1.560 1.469–1.656 <0.001

Prior stroke 0.829 0.722–0.951 0.007

PCI for unprotected LMCA 1.525 1.342–1.735 <0.001

PCI for myocardial infarction 1.193 1.131–1.258 <0.001

Radial 0.818 0.764–0.875 <0.001

No. of vessels treated 1.216 0.981–1.326 0.346

Drug-eluting stent 0.829 0.729–0.948 <0.001

PAD 1.514 1.396–1.642 <0.001

CHF indicates congestive heart failure; COPD, chronic obstructive 
pulmonary disease; HR, hazard ratio; LMCA, left main coronary artery; LVEF, 
left ventricular ejection fraction; MACE, major adverse cardiac events; PAD, 
peripheral artery disease; and PCI, percutaneous coronary intervention.

Figure 3. Propensity-matched adjusted risk for death.
HR indicates hazard ratio; MACE, major adverse cardiac events; and PAD, peripheral artery disease.
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when also presenting with multivessel coronary artery 
disease, diabetes mellitus, or previous MI.

Limitations
Our study is based on an all-comer PCI registry from 
2 medical centers, and thus is liable to the disadvan-
tages of observational study design. For example, 
the definition of PAD is somewhat different from one 
study to another, and many cases of PAD are asymp-
tomatic.1,2,33 We also have no accurate information on 
bleeding events, and used the periprocedural drop in 
hemoglobin as surrogate for this important question. 
Finally, we have limited information on markers of in-
flammation, a possible link for the witnessed worse 
outcomes for patients with PAD, as discussed above.

Nevertheless, to date, this is the largest contemporary 
study examining the independent impact of PAD on out-
comes of patients undergoing PCI, showing significantly 
worse outcomes for patients who also suffer from PAD. 
Future studies examining the mechanism of the effect of 
PAD on prognosis in patients undergoing PCI, as well 
as prospective studies of unique therapeutic modalities 
which may benefit these patients, will undoubtedly shed 
more light on this important factor in the management of 
patients with polyvascular and coronary artery disease.

CONCLUSIONS
In patients undergoing PCI, PAD is an independent 
factor for worse long-term outcomes. Further studies 

are warranted to clarify the mechanisms responsible 
for this effect, as well as to suggest possible treatment 
approaches which would minimize this risk.
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Table S1. List of variables used for the propensity matching. 

 

Parameter 

PS matched 

controls (n=1605) 

PS matched - 

PAD pts (n=1605) P-value 

Standardized 

difference 

Sex 23.05% 22.93% 0.967 0.005 

Hypertension 92.59% 92.09% 0.642 0.005 

Prior smoking 43.55% 43.68% 0.972 -0.003 

Prior MI 32.77% 31.09% 0.325 0.053 

Mod-Severe & Severe LVEF 27.29% 25.98% 0.425 0.050 

Diabetes 69.22% 69.28% 1.000 -0.001 

COPD 15.33% 14.95% 0.806 0.026 

PCI for MI or ACS  56.64% 57.13% 0.803 -0.009 

MDRD 70.37 +/- 32.8 70.92 +/- 36.8 0.653 0.020 

Age at PCI 67.22 +/- 1.62 66.72 +/- 10.81 0.206 0.045 

 

* PS- propensity matching; MI- myocardial infarction; LVEF- left ventricular ejection fraction; COPD- 

chronic obstructive pulmonary disease; ACS- acute coronary syndrome; MDRD- Modification of Diet in 

Renal Disease; PCI- percutaneous coronary intervention 


