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Abstract
Patients with peripheral arterial disease (PAD) undergoing percutaneous coronary intervention
(PCI) are at high risk for adverse cardiovascular events. Trends over time in outcomes with
advances in PCI and medical therapy are unknown. We evaluated 866 patients with PAD in the
National Heart, Lung, and Blood Institute (NHLBI) Dynamic Registry undergoing PCI according
to treatment eras: the early bare metal stent (BMS) era (Wave 1: 1997-1998, n=180), the BMS era
(Waves 2 and 3; 1999 and 2001-2002; n=339), and the drug-eluting stent (DES) era (Waves 4 and
5: 2004 and 2006; n=347). We compared in-hospital and 1-year outcomes by recruitment era. In-
hospital coronary artery bypass graft surgery (CABG) rates were significantly lower in the later
eras (3.9%, 0.9%, 0.6%, early BMS, BMS, and DES eras respectively, ptrend=0.005), and an
increasing percentage of patients were discharged on aspirin, beta blockers, statins, and
thienopyridines (all ptrend<0.001). Cumulative 1-year event rates in patients with PAD in the early
BMS era, BMS era, and DES era of death were 13.7%, 10.5%, and 9.8% (ptrend = 0.21), of
myocardial infarction (MI) were 9.8%, 8.8%, and 10.0% (ptrend = 0.95), and repeat
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revascularization were 26.8%, 21.0%, and 17.2% (ptrend = 0.008). The 1-year adjusted hazard
ratios (HR) of adverse events in patients with PAD using the early BMS era as the reference are as
follows: Death: BMS era HR=0.84 (95% CI 0.46-1.55, p=0.58) and DES era HR=1.35 (95% CI
0.71-2.56, p=0.36); MI: BMS era HR=0.89 (95% CI 0.48-1.66, p=0.72) and DES era HR=1.02
(95% CI 0.55-1.87, p=0.95); and repeat revascularization: BMS era HR=0.63 (95% CI 0.41-0.97,
p=0.04) and DES era HR=0.46 (95% CI 0.29-0.73, p=0.001). In conclusion, despite significant
improvements in medical therapy and a reduction in repeat revascularization over time, patients
with PAD who undergo PCI have a persistent high rate of death and MI.
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In unselected patients undergoing percutaneous coronary intervention (PCI), the adverse
outcomes of death and myocardial infarction (MI) have improved over time [1-3]. However,
trends over time in outcomes specifically of patients with peripheral arterial disease (PAD),
given advances in PCI including the use of drug-eluting stents (DES) and more aggressive
medical therapy, are not known. Thus, utilizing the National Heart, Lung and Blood Institute
(NHLBI) Dynamic Registry, we compared the in-hospital and one year outcomes of patients
with PAD undergoing PCI across three different treatment eras: the early bare metal stent
(BMS) era, the BMS era, and the DES era.

Methods
The specific methodology and characteristics of the NHLBI Dynamic Registry have been
reported previously [2]. In brief, data were collected on approximately 2,000 consecutive
patients undergoing PCI during five recruitment ‘waves’ across 27 clinical centers (Wave 1:
July 1997-February 1998; Wave 2: February-June 1999; Wave 3: October 2001-March
2002; Wave 4: February-May 2004; Wave 5: February-August 2006). Only patients with
PAD were evaluated and were grouped in 3 distinct treatment eras: the early (BMS) era
(Wave 1), the BMS era (Waves 2 and 3), and the DES era (Waves 4 and 5). Patients were
contacted via telephone interview at one year by trained nurse coordinators to assess vital
status, symptoms, coronary events or cardiac-related hospitalizations. Informed consent was
obtained for all patients and the study protocol was approved by Institutional Review Boards
at the respective clinical sites and at the University of Pittsburgh data coordinating center.

Symptomatic PAD was defined as a history or presence of claudication either with rest or
exertion, amputation for arterial vascular insufficiency, vascular reconstruction, bypass
surgery or angioplasty to the extremities, or documented aortic aneurysm. Death was
defined as all cause mortality. In waves 1 and 2, MI was defined as evidence of two or more
of the following: (1) typical chest pain > 20 minutes duration not relieved by nitroglycerin,
(2) serial electrocardiogram recordings showing changes from baseline or serially in ST-T
and/or Q-waves in ≥ 2 contiguous leads, (3) serum enzyme elevation of creatinine kinase-
myocardial band (CK-MB) > 5% (total creatinine kinase (CK) >2× normal, lactate
dehydrogenase (LDH) subtype 1 > LDH subtype 2, or troponin > 0.2 μg/ml), or (4) new wall
motion abnormalities. In waves 3-5, an MI had to satisfy at least one of the 2 following
criteria: (1) evolutionary ST-segment elevation, development of new Q-waves in 2 or more
contiguous electrocardiogram leads, or new or presumably new left bundle branch pattern on
the electrocardiogram, (2) biochemical evidence of myocardial necrosis manifested as a)
CK-MB ≥ 3 times the upper limit of normal, b) total CK ≥ 3 times the upper limit of normal
(if CK-MB not available), or troponin level above the upper limit of normal. Elective
coronary artery bypass graft surgery (CABG) was classified when surgery was deferred for
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>24 hours, urgent when required within 24 hours, and emergent when required immediately.
Angiographic success was classified as either partial when some but not all attempted
lesions were successfully treated or total when all attempted lesions were successfully
treated. Procedural success was defined as either partial or total angiographic success
without death, Q-wave MI, or emergency CABG. Major adverse cardiac event (MACE) was
defined as death, MI, or repeat revascularization.

Patients were stratified by stent era and descriptive statistics were summarized as means for
continuous variables and percentages for categorical variables. Temporal trends in baseline
patient and lesion characteristics and outcomes at one year were assessed using the Cochran-
Mantel-Haenszel test for dichotomous variables and the Jonckeheere-Terpstra test for
continuous and nominal/ordinal variables. Cumulative event rates at one year were
calculated by the Kaplan–Meier method and compared using the log rank statistic. Patients
who did not experience the outcome of interest were censored at the last known date of
contact or at one year if contact extended beyond one year.

Stepwise Cox regression was used to estimate one year risk ratios of clinical events in
relation to stent era with the early BMS era as the reference. Covariates for multivariable
models were identified from factors that differed significantly between the stent eras and
also associated with one year outcome using stepwise Cox proportional hazards regression
models (pentry_0.30, pstay_0.10). The proportionality assumption was assessed for all Cox
proportional-hazards models graphically and statistically and assumptions were met for all
models. All analyses were performed with SAS version 9.2 (SAS Institute Inc) and a two-
sided p-value of 0.05 or less was considered to indicate statistical significance.

Results
A total of 866 patients with PAD were evaluated, with 180 in the early BMS era, 339 in the
BMS era, and 347 in the DES era. In the more recent treatment eras, patients were less likely
to have had a prior MI, but were more likely to have renal disease and be diagnosed with
hypertension or hyperlipidemia (Table 1). While the rates of several other demographic
features of high risk did not differ across the three waves, patients with PAD had high
baseline rates of prior PCI, prior CABG, diabetes, and current tobacco use.
Revascularization in patients with PAD was performed less commonly for unstable angina,
but more commonly for myocardial infarction in later eras (Table 2). While the lesion length
was longer in the more recent eras, there was a lower likelihood of thrombus in the treated
lesion. Other characteristics of the lesion that would predict higher risk for PCI such as
calcification, ulceration, or location at a bifurcation did not differ among the eras. Over 40%
of patients in all three eras had three vessel coronary artery disease present on coronary
angiography (early BMS era 42.8%, BMS era 45.4%, and DES era 42.1%, ptrend=0.68), and
over 10% of patients had involvement of the left main coronary artery (early BMS era
15.6%, BMS era 10.0%, and DES era 15.0%, ptrend=0.79).

In-hospital complications of death (early BMS era 3.3%, BMS era 2.7%, and DES era 2.0%,
ptrend=0.35) and MI (early BMS era 5.0%, BMS era 3.2%, and DES era 3.2%, ptrend=0.34)
did not differ by treatment era. Whereas in-hospital CABG rates were less frequent in later
eras (early BMS era 3.9%, BMS era 0.9%, and DES era 0.6%, ptrend=0.005), there were no
differences in major entry site complications (early BMS era 6.1%, BMS era 5.0%, and DES
era 6.6%, ptrend=0.68). Procedural success rates were similar among the three groups (early
BMS era 91.7%, BMS era 94.1% and DES era 94.5% ptrend=0.24).

The percentage of patients discharged on medications including aspirin, beta-blockers,
angiotensin converting enzyme inhibitors, thienopyridines and statins significantly increased
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over time across the three treatment waves (Figure 1). Additionally, the mean length of stay
significantly decreased over time (early BMS era 3.3 days, BMS era 2.8 days, and DES era
2.2 days, ptrend=0.004).

Cumulative 1-year adverse event rates revealed no differences in the incidence of death and
MI across the treatment waves; however there was a significant decrease in CABG, repeat
revascularization, MACE, and a trend toward a reduction in repeat PCI in the later treatment
eras (Figure 2). Adjusted hazard ratios of one year adverse events in patients with PAD with
the pre-BMS era as the reference are shown in Figure 3. Compared to patients with PAD in
the pre BMS era, patients in the BMS era and the DES era were less likely to experience
repeat revascularization at one year and patients in the DES era were less likely to undergo
repeat PCI. However, there was no significant difference in the adjusted hazard ratios of
death, MI, CABG, or MACE in the later waves.

Discussion
Utilizing the subsequent waves of the NHLBI Dynamic Registry, we found no improvement
over time in the rates of death and MI for patients with PAD undergoing PCI, despite
advances in PCI and increased use of evidence-based medical therapy. Although there was
an improvement in rates of CABG and repeat PCI for PAD patients in later treatment eras
that was likely driven by the introduction of drug-eluting stents, there was no reduction in
the 1-year adjusted hazard ratio of death or MI. An increasing number of patients with PAD
were noted in subsequent waves, likely representing greater evaluation and recognition of
this risk factor.

High adverse event rates for patients with PAD undergoing coronary revascularization was
reported as early as the BARI trial, in which patients with multivessel CAD and lower
extremity PAD randomized either to CABG or percutaneous coronary transluminal
angioplasty had an adjusted relative risk of death 1.5 times greater than patients without
PAD [4]. This observation that patients with PAD experience higher adverse events
following PCI has subsequently been reported in multiple trials following BARI [5-12].
However, for the overall population of patients undergoing PCI, adverse event rates over
time, including both in-hospital and 30 day mortality rates, following PCI have improved
[1-3]. Williams and colleagues revealed that patients in the Dynamic registry undergoing
PCI during 1997-1998 had lower rates of in-hospital mortality, myocardial infarction, and
emergency CABG than patients undergoing PCI between 1985-1986 (4.9% vs. 7.9%,
p=0.001) [2]. Additionally, Singh et al investigated the outcomes of patients with unstable
angina undergoing PCI in 3 different treatment eras: 1979-1989, 1990-1993, and 1994-1998
[3]. One year event-free survival from death and MI was significantly higher in the more
recent treatment groups compared to patients in the earlier groups (74% vs. 70% vs. 77%,
p<0.001). Our study, examining outcomes over time after PCI in a real-world registry,
reveals that the same is not true for patients with PAD. They continued to have an elevated
risk of death and MI following PCI across all three treatment eras.

One explanation for the persistently elevated rates of adverse events in patients with PAD
over time may be related to a discrepancy in medication prescription compared to patients
without PAD. Brilakis and colleagues examined compliance with practice guidelines in the
Get with the Guidelines-Coronary Artery Disease database [13]. Patients with a history of
prior PAD who presented to the hospital with an acute coronary syndrome were less likely
to receive treatment with appropriate lipid lowering therapy (79% vs. 89%, p<0.001), and
were less likely to receive either an angiotensin converting enzyme inhibitor or angiotensin
receptor blocker if they had left ventricular dysfunction (74% vs. 82%, p<0.001), as
compared to patients without evidence of PAD. In comparison, in our study, a higher
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number of patients in the more recent treatment era were discharged home on statin therapy
(82.9%); additionally, prescription rates for other guideline recommended therapy included
97.1% for aspirin, 96.8% for thienopyridines, and 81.2% for beta blockers. Although the
discharge medication prescription rate for standard coronary artery disease medications has
improved over the treatment eras as shown in our study, in comparison to patients without
PAD, a considerable gap may still remain.

Another reason that may account for the high adverse event rates in PAD patients following
PCI may relate to an inability of PAD patients to exercise and thus participate in cardiac
rehabilitation programs, which have been associated with improved outcomes including
improved quality of life and reduction in hospital readmission rates [14-15]. Additionally,
PAD is associated with a higher atherosclerotic burden, including not only cardiovascular
disease, but also cerebrovascular disease. Nikolsky and colleagues demonstrated that both
the in-hospital and one year mortality rates following PCI were higher in patients with a
history of PAD and cerebrovascular disease compared to patients with PAD alone [16].
Additionally, patients with PAD are more likely to experience an in-hospital neurologic
event, including transient ischemia attack or cerebrovascular accident, than patients without
PAD [16]. In our study, 19.6% of PAD patients undergoing PCI had a known diagnosis of
cerebrovascular disease.

Poor outcomes for PAD patients following coronary revascularization are not only limited to
PCI. Several studies have demonstrated higher adverse events in PAD patients undergoing
CABG [17-25]. Collison and colleagues compared 1561 patients with PAD to 6328 patients
without PAD undergoing CABG [19]. After multivariable adjustment, patients with PAD
were more likely to experience pulmonary complications (OR 1.4; 95% CI 1.23-1.62;
p=<0.001), low output (OR 1.3; 95% CI 1.09-1.45; p=0.001), and intraoperative
complications (OR 1.39; 95% CI 1.06-1.83; p=0.02). PAD has also been associated with
longer hospital stays [26], higher rates of neurologic complications [19,25], and more renal
failure [27] following CABG. Additionally, patients with PAD undergoing CABG have
increased rates of both in-hospital and long term mortality compared to patients without
PAD [17-18,22,24-25]. Thus, it appears that patients with PAD fare worse with either forms
of coronary revascularization, PCI or CABG; however, the data examining whether one
fares better than the other is limited. A substudy of the BARI trial examined the outcomes of
303 patients with non-coronary atherosclerosis undergoing either PTCA or CABG for
multivessel CAD [4]. The adjusted relative risk of death for surgery versus PTCA was 0.87
(p=0.40). Limited power based on small numbers in the study was cited as the reason no
difference was found. Rourke and colleagues compared CABG (n=964) versus PCI (n=341)
in patients with PAD and multivessel CAD undergoing coronary revascularization from
1994-1996. Adjusted analysis revealed that patients undergoing CABG had better
intermediate survival out to 3 yrs than similar patients undergoing PCI [28]. However, there
are no recent studies examining whether benefits of PCI with drug-eluting stents translates
into better outcomes for PAD patients compared to bypass surgery. Further studies are
needed to determine the optimal revascularization strategy in this large subset of patients.

Potential limitations of this study include those inherent to all observational registries,
including the existence of potential confounders. Despite the adjustment for differences
among the three treatment eras in the multivariate analysis, it is possible that residual
confounding exists. However, the strength of this study is that the patients and outcomes
approximate real-world outcomes of patients with PAD undergoing PCI. Additionally,
patients with PAD in this study were similar to those presenting in the real-world for
invasive procedures. They were a heterogeneous group of patients with vascular disease.
However, disease severity and cause of death were not identified, and moreover, patients
were not individually screened for PAD.
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Figure 1. Discharge Medication Post PCI by Treatment Era
PCI = percutaneous coronary intervention, BMS = bare metal stent, DES = drug-eluting
stent, ACE = angiotensin converting enzyme

Parikh et al. Page 8

Am J Cardiol. Author manuscript; available in PMC 2012 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Cumulative One Year Adverse Events Rates by Treatment Era
BMS = bare metal stent, DES = drug-eluting stent, MI = myocardial infarction, CABG =
coronary artery bypass graft surgery, PCI = percutaneous coronary intervention, MACE =
major adverse cardiac events
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Figure 3. Adjusted One Year Hazard Ratios of Adverse Events (Reference is Early BMS Era)
BMS = bare metal stent, PCI = percutaneous coronary intervention, Revasc =
revascularization
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Table I
Demographics of Patients with Peripheral Arterial Disease by Treatment Era

Variable
Early BMS Era

(N=180)
BMS Era
(N=339)

DES Era
(N=347) Ptrend

Mean age (years) 67.9 67.6 68.9 0.23

Female 42.8% 37.8% 34.3% 0.06

White Race 87.2% 80.5% 77.2% 0.02

Mean Body Mass Index (kg/m2) 27.4 28.6 28.2 0.26

Prior percutaneous coronary intervention 40.0% 40.1% 46.5% 0.18

Prior coronary artery bypass graft 32.2% 33.6% 34.5% 0.87

Prior myocardial infarction 48.0% 41.1% 32.8% <0.001

Diabetes mellitus 40.8% 43.4% 46.0% 0.25

Insulin treated diabetes mellitus 17.2% 21.2% 17.6% 0.85

Hypertension* 70.5% 83.3% 90.8% <0.001

Heart failure 20.8% 23.1% 20.3% 0.76

Hypercholesterolemia** 68.7% 74.5% 85.3% <0.001

Cerebrovascular disease 18.9% 18.3% 21.3% 0.41

Pulmonary disease 13.9% 17.4% 17.0% 0.44

Renal disease 13.9% 17.7% 21.3% 0.03

Current Smoker 20.5% 27.3% 24.4% 0.24

*
Hypertension = blood pressure ≥ 140 mmHg systolic or ≥ 90 mmHg diastolic on 2 occasions or if the patient is currently on antihypertensive

medications

**
Hypercholesterolemia = repeated values for serum cholesterol > 240mg/100ml or if a physician has medically treated the participant for high

cholesterol
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Table II
Angiographic and Procedural Characteristics of Patients with Peripheral Arterial Disease
by Treatment Era

Early BMS Era
(N=180)

BMS Era
(N=339)

DES Era
(N=347) Ptrend

Patient Level

Revascularization Reason

 Stable Angina Pectoris 26.1% 18.9% 18.4% 0.06

 Unstable Angina Pectoris 52.2% 46.6% 38.9% 0.002

 Acute Myocardial Infarction 11.7% 23.0% 22.5% 0.01

Circumstances of Procedure 0.35

 Elective 63.3% 51.3% 56.8%

 Urgent 26.7% 42.8% 33.1%

 Emergent 10.0% 5.9% 10.1%

Mean left ventricular ejection fraction 50.6% 48.1% 49.5% 0.90

Mean Significant lesions 3.8 3.9 3.8 0.81

Any total occlusion 49.4% 50.1% 51.9% 0.57

Mean number of lesions attempted 1.5 1.5 1.4 0.004

Early BMS Era
(N=275)

BMS Era
(N=503)

DES Era
(N=475) Ptrend

Lesion Level

Mean reference vessel size (mm) 3.1 3.0 3.1 0.11

Mean lesion length (mm) 12.8 13.3 17.2 <0.001

Mean diameter % stenosis 82.6% 81.9% 83.0% 0.47

Evidence of thrombus 14.6% 8.7% 7.7% 0.005

Calcified 39.0% 23.0% 37.6% 0.57

Ulcerated 8.8% 9.3% 11.4% 0.23

Bifurcation 10.7% 11.1% 10.3% 0.82

Ostial lesion 13.8% 9.0% 10.8% 0.35

Lesion tortuosity 0.07

 Moderate/Severe 22.8% 31.5% 30.2%

Lesion previously treated 18.4% 13.1% 9.1% 0.0002

Stent use 67.2% 82.0% 92.8% <0.001

Total angiographic success 88.3% 91.7% 93.6% 0.11

Drug-eluting stent use* -- -- 76.9% 1

Procedural success 91.7% 94.1% 94.5% 0.24

*
restricted to the DES era
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