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morbidity and mortality in patients with peripheral artery disease who underwent lower
extremity surgical revascularization; however, outcomes after peripheral vascular inter-
vention (PVI) are less well established. This study sought to determine the impact of CKD
on adverse outcomes in patients with peripheral artery disease who underwent PVI. Using
data from the Veteran Affairs Clinical Assessment, Reporting, and Tracking System Pro-
gram, we identified a cohort of 755 patients who underwent lower extremity PVI from June
2005 to August 2010 at 33 sites. The outcomes of interest were mortality, progression to
dialysis, myocardial infarction, limb amputation, and stroke. Kaplan-Meier survival anal-
ysis and Cox proportional hazard frailty models assessed the association between CKD and
adverse outcomes. Of the patients who underwent lower extremity PVI, 201 patients (27%)
had CKD. The presence of CKD was associated with decreased survival (5-year survival
probability of CKD compared with non-CKD: 49.9% [41.6% to 59.9%] vs 80.1% [76.2% to
84.1]), which persisted after risk adjustment (HR 1.57; 95% confidence interval 1.13 to
2.19). In addition, there was a significant association between CKD and progression to
dialysis (HR 6.62; 95% confidence interval 2.25 to 19.43). In contrast, there was no asso-
ciation between CKD and re-hospitalization for myocardial infarction, limb amputation, or
stroke. In conclusion, CKD is present in 1 of 4 patients who underwent PVI and is asso-
ciated with increased risk of mortality and progression to dialysis. � 2016 Elsevier Inc.
All rights reserved. (Am J Cardiol 2017;119:669e674)
Lower extremity peripheral artery disease (PAD) can
present with symptoms of claudication, limb ischemia,
amputation, or death.1 For decades, surgical revasculariza-
tion has been the therapeutic gold standard of treatment of
lifestyle-limiting claudication or critical limb ischemia
(CLI).2,3 However, the use of peripheral vascular interven-
tion (PVI) has increased w10-fold over the last decade with
continuing technological improvements and increasing
operator experience.4,5 Although the increased utilization of
PVI is in part related to high procedural success rates and
low morbidity and mortality, patient factors influencing
outcomes have not been well defined. Importantly, chronic
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kidney disease (CKD) is a frequent co-morbid condition in
patients with PAD.6e8 Previous studies have demonstrated
that CKD is associated with increased postoperative
morbidity and mortality after surgical revascularization of
lower extremity PAD. However, fewer studies have
assessed whether CKD is also associated with adverse
outcomes after PVI except for limited data in patients with
advanced CKD or those already on chronic dialysis.9e11

Accordingly, we investigated whether nonedialysis-depen-
dent CKD is associated with adverse outcomes after PVI.
Methods

The Veteran Affairs (VA) Clinical Assessment, Report-
ing, and Tracking System (CART) Program is a quality
improvement program that collects ongoing data on cardiac
and peripheral catheterizations performed in the 77 VA
catheterization laboratories nationwide.12,13 Implemented in
2005, the CART program is integrated into VA electronic
medical records to allow both real-time data collection and
the opportunity to retrospectively investigate patient and
procedural information to evaluate quality improvement
initiatives for cardiovascular interventions. Entry of cardiac
catheterization procedural notes is mandatory, whereas pe-
ripheral procedures are voluntary by operator and site.
Additional details on CART and its implementation have
been previously described.12
www.ajconline.org
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Table 1
Baseline characteristics of patients stratified by chronic kidney disease status

No Chronic Kidney Disease Non-Dialysis-Dependent
Chronic Kidney Disease

P-Value

Prevalence 554 (73.4%) 201 (26.6%)
Baseline Glomerular Filtration Rate (mL/min/1.73m2) * 85.5 �18.3 48.6 �10.6 < 0.01
Age (years) * 63.4 �8.3 69.7 �9 < 0.01
Male 548 (98.9%) 199 (99%) 1.0
White 468 (84.5%) 180 (89.6%) 0.1
Body Mass Index (Kg/m2) * 27.9 �5.3 29.2 �5.4 < 0.01
Hypertension 495 (89.4%) 199 (99%) < 0.01
Diabetes Mellitus 253 (45.7%) 135 (67.2%) < 0.01
Diastolic Blood Pressure (mmHG) * 72.6 �8.7 68.8 �9.2 < 0.01
Systolic Blood Pressure (mmHG) * 133.6 �14.4 133.1 �14.1 < 0.01
Hyperlipidemia 501 (90.4%) 186 (92.5%) 0.45
Tobacco 491 (88.6%) 162 (80.6%) 0.01
Cardiovascular Disease 142 (25.6%) 56 (27.9%) 0.6
Congestive Heart Failure 126 (22.7%) 72 (35.8%) < 0.01
Peripheral Artery Disease 513 (92.6%) 192 (95.5%) 0.21
Prior Cardiac Catheterization 325 (58.7%) 126 (62.7%) 0.36
Prior Coronary Artery Bypass Graft 150 (27.1%) 68 (33.8%) 0.09
Prior Percutaneous Coronary Intervention 213 (38.4%) 83 (41.3%) 0.53
Prior Myocardial Infarction 185 (33.4%) 65 (32.3%) 0.85
Chronic Obstructive Pulmonary Disease 165 (29.8%) 67 (33.3%) 0.4
Depression 203 (36.6%) 66 (32.8%) 0.38
Posttraumatic Stress Disorder 87 (15.7%) 24 (11.9%) 0.24
Sleep Apnea 69 (12.5%) 40 (19.9%) 0.01
Peripheral Vascular Intervention Indication 0.09
Claudication 449 (81%) 151 (75.1%)
Critical Limb Ischemia 105 (19%) 50 (24.9%)

Medications
Statins 440 (79.4%) 157 (78.1%) 0.77
Beta-blockers 344 (62.1%) 128 (63.7%) 0.75
Antiplatelets 446 (80.5%) 149 (74.1%) 0.07
Angiotensin-converting enzyme inhibitors/Angiotensin

receptor blockers
349 (63%) 119 (59.2%) 0.39

All variables indicate N (percentage of total) except continuous variables designated by *, which show Mean � Standard Deviation. p-values are reported
from Chi-square tests for categorical variables and t-tests from continuous variables.
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Our cohort consisted of patients who underwent PVI
from June 2005 to August 2010 from 33 VA sites. Proce-
dural and covariate information were obtained through
CART and VA administrative data and manual extraction of
procedure reports. All lower extremity peripheral in-
terventions entered into the CART program from 2005 to
2010 were included in the study. Non-lower extremity pe-
ripheral procedures, patients treated for acute limb ischemia,
or those with dialysis-dependent CKD before PVI were
excluded from the study.

The presence of CKD was defined based on baseline
estimated glomerular filtration rate (eGFR) <60 ml/min/
1.73 m2 as calculated by the Modification of Diet in Renal
Disease equation.14 Baseline eGFR was determined by
taking the most recent creatinine within 30 days before the
PVI procedure. We created 2 categories of CKD status to
classify patients: nonedialysis-dependent CKD and non-
CKD (eGFR �60 ml/min/1.73 m2).

The primary outcome of interest was all-cause mortality
from the VA Vital Status file.15,16 Secondary outcomes
included development of dialysis-dependent CKD,
myocardial infarction (MI), limb amputation, stroke, and a
combined end point based on all the outcomes listed earlier.
Dialysis-dependent CKD was defined as the first occurrence
of dialysis for patients without a history of dialysis based on
CPT and procedure codes in VA inpatient, fee basis, and
outpatient files. Re-hospitalization for MI, limb amputation,
and stroke were based on the International Classification of
Diseases, Ninth Revision, codes (Supplementary Appendix).
The composite end point was based on the occurrence of
mortality, dialysis dependence, MI, amputation, or stroke.
Periprocedural complications were also collected, but
because of very few occurrences of groin hematoma (6) or
limb ischemia (2), we did not include these events within the
composite end point.

Baseline characteristics were compared between patients
without CKD and nonedialysis-dependent CKD using chi-
squared tests for categorical variables and Student’s t tests
for continuous variables. Kaplan-Meier survival curves and
multivariable Cox proportional hazard frailty models were
generated to compare the longitudinal outcomes between
groups using the “coxph” function in R 3.0.1.17 The frailty
model was used to account for potential clustering of pa-
tients within sites to obtain accurate estimates of parameter
coefficients and their standard errors. Overall, minimal
clustering of results at sites was observed and, thus, had a
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Figure 1. The proportion of patients experiencing an event stratified by
CKD group. Note that the amount of follow-up varied by patient. Amp ¼
amputation; Comp ¼ Composite endpoint; Dial ¼ dialysis.

Figure 2. Kaplan-Meier estimated survival in 755 patients with or without
CKD after PVI from 2005 to 2010 across 33 VA hospitals. Black lines
indicate no CKD versus blue lines for nonedialysis-dependent CKD.
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minimal impact on outcomes. The models would control for
additional covariates only if enough events occurred within
each group. These covariates consisted of age, race, body
mass index, tobacco use, diabetes mellitus, hypertension,
previous MI, percutaneous coronary intervention, and cor-
onary artery bypass graft, and congestive heart failure
(CHF) based on traditional risk factors and baseline differ-
ences between the groups.

In sensitivity analysis, we repeated multivariable Cox
regression models using a baseline eGFR of <45 ml/min/
1.73 m2 as a cutoff to determine whether any association
between CKD status and risk was confounded by the
severity of baseline CKD in the cohort. Because of low
event rates, only mortality and the composite end point were
assessed. A backward selection method was used to reduce
the covariate list to age, diabetes mellitus, and CHF because
of low event rates within groups.

Furthermore, Cox proportional hazard frailty models were
constructed to explore the interaction between CKD status
and PVI indication. Patients with CLI are known to have
increased risk of amputation and higher rates of cardiovas-
cular mortality compared with patients with claudication;
thus, the groups were further divided into patients presenting
with claudication versus CLI given the measured end points
are highly differential between the 2 strata. A p value <0.05
was considered statistically significant for all analyses.

Results

We identified 755 patients with PAD who underwent
PVI at 33 VA hospitals, of whom 73% were classified as
non-CKD (mean eGFR 85.5 ml/min/1.73 m2), whereas 27%
were defined as having CKD (mean eGFR 48.6 ml/min/
1.73 m2) (Table 1). The distribution of eGFR in the CKD
and non-CKD groups is shown in Supplementary Figure 1.
Patients with CKD were generally older, had a higher BMI,
and were more likely to have diabetes and CHF. Notably,
there was no significant difference for PVI indication be-
tween the 2 groups.

After a median follow-up of 41 months, 79 patients in the
CKD group died, 10 were initiated on dialysis, 9 had a
documented MI, 4 required limb amputation, and 16
developed a stroke (Figure 1). In the group without CKD, 98
patients died, 5 required dialysis, 36 had a hospitalization
for MI, 21 needed limb amputation, and 48 had a stroke.

On Kaplan-Meier analysis, patients with CKD had a
markedly reduced probability of survival at 5 years as
illustrated in Figure 2 (49.9% vs 80.1%, p <0.01). Signifi-
cant unadjusted differences in event-free survival between
the CKD and non-CKD groups were also observed for the
dialysis and composite end points (Figure 3). After multi-
variable adjustment, the presence of CKD remained strongly
associated with mortality; however, CKD was no longer
associated with the composite end point as listed in Table 2.
Patients with CKD were also more likely to have progres-
sion to dialysis, but no significant differences in risk for the
outcomes of MI, limb amputation, or stroke were observed.

In sensitivity analysis, multivariable Cox models were
repeated in patients with a baseline eGFR <45 ml/min/
1.73 m2, which revealed a similar association between CKD
and mortality (HR 1.54, 95% CI 1.003 to 2.36, p ¼ 0.048)
and between CKD and the composite outcome (HR 1.34,
95% CI 0.91 to 1.97, p ¼ 0.14). Furthermore, we assessed
the interaction between PVI indication and CKD status,
which was nonsignificant for both the composite and death
end points (Table 3).



Figure 3. Kaplan-Meier curves for secondary outcomes of MI, amputation, dialysis, stroke, and composite end points in 755 patients with or without CKD after
PVI from 2005 to 2010 across 33 VA hospitals. Black lines indicate no CKD versus blue lines for nonedialysis-dependent CKD.
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Discussion

The objective of this study was to characterize the
prevalence of CKD in patients with PAD who underwent
PVI and to determine whether CKD was associated with
adverse outcomes after PVI. Over 1 in 4 patients with PAD
presenting for PVI had CKD. This rate was significantly
higher than the reported 13.1% prevalence of CKD in the
general US adult population or in the estimated 17% of
patients with known coronary heart disease (CHD).18,19
Furthermore, the presence of CKD was associated with
increased risk for all-cause mortality and need for dialysis.
However, rates of MI, limb amputation, and stroke were not
significantly different between patients with and without
CKD after PVI. These findings highlight the importance
of recognizing CKD in patients with PAD who underwent
PVI.

Our study adds to current evidence describing a relation
between CKD and poor outcomes after PVI. Previous studies
have noted that severe CKD (GFR <30 ml/min/1.73 m2)
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Table 2
Clinical outcomes of patients and multivariate Cox analysis

Hazard Ratio 95% CI P-Value

Composite 1.1 (0.83, 1.45) 0.51
Death 1.57 (1.13, 2.19) 0.01
Myocardial Infarction* 0.74 (0.35, 1.54) 0.419
Amputation* 0.55 (0.19, 1.62) 0.281
Dialysis* 6.62 (2.25, 19.43) 0.001
Stroke* 1.1 (0.62, 1.93) 0.751

The estimate of the hazard ratio from the Cox Proportional Hazards
model for the endpoint listed in the first column adjusted for age, race, body
mass index, tobacco use, diabetes mellitus, hypertension, prior MI, prior
percutaneous coronary intervention (PCI), prior coronary artery bypass
graft (CABG), and congestive heart failure (CHF). Endpoints designated by
* did not control for covariates due to the small number of events. The
hazard ratio estimate is for those with non-dialysis dependent CKD relative
to those without CKD. Also included are 95% confidence intervals and the
p-values.

Table 3
The estimate of the hazard ratio for the interaction terms chronic kidney
disease and chronic limb ischemia

Variable Hazard
Ratio

95% CI P-value

COMPOSITE Critical Limb Ischemia/Chronic
Kidney Disease Interaction

0.87 (0.51, 1.48) 0.6

DEATH Critical Limb Ischemia/Chronic
Kidney Disease Interaction

1.27 (0.68, 2.37) 0.45

The estimate of the hazard ratio from the Cox Proportional Hazards
model for the interaction term for the endpoint listed in the first column.
Also included are 95% confidence intervals and the p-values.
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and chronic dialysis were correlated with higher mortality
rates9e11; however, we demonstrate that even with the in-
clusion of patients with mild-to-moderate CKD (GFR be-
tween 45 and 59 ml/min/1.73 m2), CKD increased the risk
for mortality by >50% in patients who underwent PVI. Our
study also supports previous data in CLI cohorts that
examined earlier stages of CKD in PVI outcomes.20

Furthermore, the 5-year survival probability we observed
for patients with CKD after PVI is consistent with existing
literature from surgical revascularization cohorts (46% 5-
year survival of patients with CKD stage 3).21

The association between CKD and poor outcomes is
likely due to several reasons. CKD has been previously
described as a CHD risk equivalent and shares many risk
factors with CHD including diabetes and hypertension,
contributing to adverse events.19,22e25 Adjustment of dif-
ferences in baseline co-morbidities between CKD and non-
CKD groups attenuated the relative hazard for death and the
composite outcome. The association between CKD and the
composite end point lost significance likely due to con-
founding from a higher burden of risk factors (age, hyper-
tension, diabetes, smoking) in patients with CKD who are
also associated with the individual end points of MI, stroke,
amputation, and dialysis. Importantly, CKD remained
associated with mortality despite adjustment for these vari-
ables. Our study also revealed found that CKD was asso-
ciated with increased rates of dialysis after PVI. Previous
reports of post-cardiac catheterization patients have esti-
mated rates of contrast-induced nephropathy in w5% of
cases, with w1% developing chronic dialysis-dependent
CKD.26 We were unable to conclude whether contrast-
induced nephropathy was primarily responsible for the
higher occurrence of dialysis-dependent CKD without
identifying the length of time between the procedure and
dialysis initiation, contrast dose, or procedure time. Addi-
tional studies are needed to elucidate the risks leading to
dialysis after PVI.

Overall, the findings of our study emphasize the impor-
tance of recognizing CKD in risk stratification before PVI.
Well-established guidelines for estimating preoperative risk
in surgical patients have already identified renal insuffi-
ciency as an independent predictor for cardiovascular
complications, and CKD has also been associated with
decreased survival after percutaneous coronary in-
terventions.27 Our findings highlight the importance of
recognizing the presence of CKD in the PAD population
and support the development of a similar preoperative risk
stratification for those planning PVI given the increased risk
for mortality associated with CKD. Importantly, we were
unable to comprehensively assess the association between
CKD and risk for periprocedural complications, such as
bleeding, infection, or repeat intervention, given low event
rates in our cohort, and these outcomes should be evaluated
in future studies. Furthermore, including albuminuria in
preprocedural risk assessment may also more accurately
predict patients at increased risk for mortality or progression
to dialysis-dependent CKD after PVI.28

Several potential limitations of our study should be dis-
cussed. First, we were unable to obtain information
regarding atherosclerotic lesion classifications based on the
Trans-Atlantic Inter-Society Consensus. Consequently, we
were unable to determine the presence of upstream or
downstream lesions to the treatment site, which could affect
endovascular outcomes.2 Second, our study represents VA
patients who underwent PVI at sites using CART. Extrap-
olation of the data to non-VA patients or VA patients treated
outside laboratories using CART for documentation is
limited. In addition, this was a retrospective investigation,
and International Classification of Diseases, Ninth Revision,
and CPT codes were used to record outcomes rather than
chart abstraction; however, VA administrative data have
previously been validated in measuring cardiovascular out-
comes.29 Finally, contrast dose is documented in CART for
percutaneous coronary interventions, but contrast dose and
type were missing for a majority of patients who underwent
PVI. Similarly, we were unable to determine the influence of
anemia on clinical end points. Future analyses should seek
to better understand the impact of contrast and anemia on
PVI outcomes.
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