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Background: Endovascular treatment of peripheral artery disease is becoming frequent, yet the clinical factors
which predict ambulatory outcomes are not known.
Hypothesis: To identify predictors of change in walking distance in patients who underwent endovascular
intervention for their lower extremity peripheral arterial disease (PAD).
Methods: A total of 134 patients underwent lower extremity peripheral arterial intervention, 52 patients were
contacted via phone between 1 and 36 months (a mean of 22 mo) after their initial procedure. The remaining
82 patients were excluded due to the following reasons: death (n = 13), contact information was not available
(n = 50), and refusal to participate in the follow-up (n = 19).
Results: The patients were 63±12 years old (mean±standard deviation [SD]), 46% were male, 47% were
diabetics, 49% had coronary artery disease, of whom 29% had prior revascularization, and 22% had coronary
artery bypass grafts (CABG). The disease severity described by Fontaine classification were as follows: 44.2%
were in stage II, 15.4% were in stage III, and 40.4% were in stage IV. Walking distance was improved in 21%
of patients, worsened in 73% of patients, and unchanged in 6% of patients. Stepwise multiple regression
demonstrated that patients who started to walk or exercise (R = 0.372, P<0.012) and who had a prior history
of CABG (R = 0.467, P<0.006) were the only independent predictors of the change in walking distance at
follow-up. Those who started to walk reported worse walking distance at follow-up, while those with a history
of CABG reported better walking distance at follow-up.
Conclusion: CABG prior to endovascular intervention is predictive of favorable change in walking distance in
patients with PAD at follow-up. Therefore, post-CABG patients are good candidates for exercise rehabilitation
and risk factor modification.

Introduction

Estimates of prevalence of peripheral arterial disease (PAD)
in the general population range from 3% to 30% in the
United States.1 The major cause of lower extremity PAD
is atherosclerosis. Risk factors for atherosclerosis such
as cigarette smoking, diabetes, dyslipidemia, hypertension,
and hyperhomocysteinemia increase the likelihood of devel-
oping lower extremity PAD, as well as other manifestations
of atherosclerosis.2,3 Symptomatic PAD carries at least a
30% risk of death within 5 years and almost 50% within 10
years, due to myocardial infarction (60%) and stroke (12%).4

Until recently, surgery was the only widely accepted treat-
ment option in PAD.5 Pioneering endovascular techniques
were first proposed in the late 1960s6 as a minimally invasive
alternative to surgery, but were initially viewed with skep-
ticism. However, the relentless refinement of these tech-
niques and constant expansion of their applications, coupled

with advances in device technology and vascular biology
have virtually redefined the paradigm of managing PAD.

However for endovascular interventions, late clinical
failure remains an important concern. For instance with
percutaneous transluminal angioplasty of the superficial
femoral artery (SFA) may result in restenosis in 40% to 60%
of treated segments in 1 year, and even greater than 70%
in lesions greater than 100 mm in length. Cumulative pri-
mary patency for all lesions and all indications ranges from
26% to 45% at 5 years.7–9 The use of self-expanding nitinol
stents have improved the outcome and patency rates of long
SFA lesions.10–12 Many studies have examined amputation
free survival13 between different modalities (angioplasty
vs stent placement), different endovascular interventions
(angioplasty vs open surgical bypass), and with regards to
the patency and complications of stents. However, no study
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has assessed ambulatory outcomes following endovascu-
lar intervention, and whether baseline comorbid conditions
affect ambulation after intervention. This information is
important in considering the timing of intervention as well
as in risk factor modification.14 Therefore, the purpose of
our study is to identify baseline predictors of walking ability
at follow-up in patients with PAD undergoing endovascular
intervention.

Methods
Subjects

In this retrospective study, we reviewed details of all patients
who presented to cardiac catheterization laboratories for
lower extremity endovascular intervention between January
2005 and June 2007. We limited our study group to patients
who had infra-inguinal disease. Patients presenting with
acute limb ischemia due to embolism were excluded. Letters
were sent by U.S. Mail in order to seek permission to contact
them, and those who agreed were contacted via follow-up
telephone call. The procedures used in this study were
approved by the Institutional Review Board at the University
of Oklahoma Health Sciences Center.

A total of 134 consecutive patients had (infra-inguinal)
lower extremity endovascular intervention performed 1 or
more times during the study period. Of these patients, 13
died before the follow-up, 19 patients refused to participate
by notifying us in response to our letter, 50 patients could
not be located as their contact information had changed
since the procedure, and the remaining 52 patients were
contacted at follow-up and therefore comprise the sample
for this study.

Revascularization

In the 52 study participants, angioplasty followed by stent
placement were the most common methods of intervention
noted. The methods of intervention are described as follows:
balloon angioplasty 41/52 patients (78%), stent placement
29/52 (55%), atherectomy 18/52 (34%), cryoplasty 8/52
(15%), and laser catheter 2/52 (4%). Complications noted in
our review included 2 cases of dissection, in which 1 was
self-limiting and the other was treated with stent placement,
1 pseudoaneurysm, and 1 case of retroperitoneal hematoma.

Measurements

Prior to and soon after revascularization, age, height, weight,
current medical problems, current medications, type of pro-
cedure, angiogram details prior and after the procedure,
and any complications related to procedure were recorded.
During a telephone call at follow-up (mean duration of 22
mo; range = 1–36 months), subjects were asked to assess
whether their walking ability had improved, remained the
same, or worsened prior to revascularization. Additionally,
subjects reported the number of blocks walked during the
past week, the number of flights of stairs climbed during
the past week, and whether they had initiated an exercise

program since revascularization. To assess current level of
physical activity, the Baltimore Activity Scale for Intermit-
tent Claudication questionnaire was administered.15

Statistical Analysis

The primary endpoint was walking ability at follow-up.
To identify the determinants of improvement in walking
distance after the endovascular intervention, a stepwise
multivariable linear regression analysis was performed. The
following variables were included in the analyses: age, sex,
race, weight, body mass index (BMI), Fontaine classi-
fication, diabetes, coronary artery disease, hypertension,
renal insufficiency, congestive heart failure, prior revascu-
larization, history of CABG, smoking status and number of
pack years, Trans Atlantic Inter-Society Consensus (TASC)
lesion,16 repeat intervention, smoking cessation after the
procedure, started walking/exercising, and taking medi-
cations regularly. Correlation coefficients and descriptive
statistics were also performed using the SPSS version 15.0
statistical package (SPSS Inc., Chicago, IL).

Results
The baseline characteristics of patients who underwent
endovascular intervention are displayed in Table 1. Mean
age of patients in our study was 63 years, and 46% of the
sample was male. A total of 50% were active smokers at the
time of intervention; two-thirds of patients had hypertension
and had hypercholesterolemia. More than 40% of patients
had coronary artery disease, diabetes, with only 13% of
patients having congestive heart failure. Renal insufficiency
was present in 33% of patients and 22% of patients had a
history of CABG. The disease severity described by the
Fontaine classification were as follows, 44.2% were in stage
II, 15.4% were in stage III, and 40.4% were in stage IV and
similarly 42% of patients had TASC D lesions on angiogram.

The correlation coefficients between walking ability at
follow-up and baseline medical problems are listed in
Table 2. Walking ability was positively correlated with
statins (P = 0.026), repeat intervention (P = 0.018), and
history of CABG (P = 0.028) and negatively correlated with
started walking or exercising (P = 0.006). Table 3 shows
results of stepwise multiple regression analysis. Walking
ability at follow-up was predicted by history of CABG
(P<0.006) and when patient started to walk and exercise.
After CABG and started walking/exercising entered into
the model, none of the other variables including coronary
artery disease, diabetes mellitus, or congestive heart failure,
were statistically significant in predicting walking ability at
follow-up. In Table 4, we have included characteristics of
patients who underwent amputation. It was noted that only
1 of these amputations was performed at our institution.

Discussion
The majority of patients in this study were treated with
angioplasty and stent placement of the involved vessel
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Table 1. Baseline Characteristics of Patients with Peripheral Arterial
Disease Who were Treated Endovascularly, Along with any Intervention
or Amputation on Follow-up

Variables Mean (±SD)

Age (years) 63±12.4

Sex (% males) 46

Race (% white) 57

Body mass index 28.8±6

Smokers (% active) 50

Fontaine classification (% class IV) 40

TASC lesion (% type D) 42

Diabetes % 47

Coronary artery disease % 49

Hypertension % 78

Hypercholesterolemia % 67

Renal insufficiency % 33

Congestive heart failure % 11

Prior CABG % 22

History of prior revascularization % 29

Repeat intervention % (on follow-up) 21

Amputation % (on follow-up) 7

Follow-up duration (d) 661±220

Values are means (SD) or percentages. Abbreviations: CABG, coronary
artery bypass grafting; SD, standard deviation; TASC, TransAtlantic
Intersociety Consensus.

with resultant improvement in the stented segment and
in the runoff vessels distally, as documented in the final
angiogram after the procedure. The primary finding was
that prior history of CABG, and whether patients started
walking/exercising after the procedure were the only pre-
dictors of walking ability after a mean 22 months follow-up
period in patients who underwent revascularization. Further-
more, improved walking ability at follow-up was associated
with higher physical activity and more city blocks walked.

The present study is the first to report that patients with
prior CABG may notice improvement in walking distance
after successful intervention. There have been previous
reports about physical training in cardiac surgery patients
who undergo CABG or other cardiac surgeries.17,18 In these
patients, functional capacity, often measured by a 6 minute
walk test, is significantly reduced shortly after cardiac
surgery but improves quickly after physical training.18,19

Table 2. Correlation Between Walking Ability at Follow-up and Comorbid
Conditions Obtained at Baseline

Variable Walking Ability P Value

Age 0.164 0.140

Fontaine classification −0.108 0.239

BMI −0.133 0.191

TASC lesion 0.197 0.097

Diabetes 0.177 0.122

Coronary artery disease −0.199 0.095

Hypertension −0221 0.072

Renal insufficiency −0.059 0.351

CHF 0.234 0.061

Hypercholesterolemia 0.500

Statins 0.293 0.026

CABG 0.288 0.028

Prior revascularization 0.239 0.057

Repeat intervention 0.312 0.018

Follow-up duration −0.096 0.266

Abbreviations: BMI, body mass index; CABG, coronary artery bypass
grafting; CHF, congestive heart failure; TASC, TransAtlantic Intersociety
Consensus.

Exercise rehabilitation has therefore been recommended in
patients undergoing CABG.20,21 A 6 minute walk test has
been proposed to assess these patients soon after CABG,18

followed by a personalized cardiac rehabilitation program
adjusted to individual needs.22

A supervised exercise program is beneficial in improving
the walking distance by almost 150% in patients with inter-
mittent claudication.23,24 This improvement is considerably
greater than compared to oral medications (eg, cilostazol),
which increase walking distance by up to 50%.25 Prior his-
tory of CABG having a positive effect on ambulation may be
due to increased surveillance and the improved medical care
they receive after surgery. Consequently, patients with a his-
tory of CABG at baseline are good candidates for exercise
rehabilitation and risk factor modification following inter-
vention as an integral part of the endovascular program. Use
of statins showed a positive correlation with walking ability,
and this has been shown in studies to cause improvement
in walking distance.26–28 Interestingly, patients who started
to walk after the intervention reported less improvement
in their walking at follow-up. This has not been previously
observed in patients with PAD undergoing either endovas-
cular intervention or open surgical procedure, and may
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Table 3. Multiple Regression Analysis to Predict Walking Ability at Follow-up in Patients Who Underwent Peripheral Vascular Intervention

R R2 F β 95% CI

Started walking/exercise 0.372 0.138 6.889 −0.593a −1.037 to−0.150

CABG 0.467 0.218 5.863 0.549b 0.015 to 1.082

aP<0.012.
bP<0.006.
Abbreviations: CABG, coronary artery bypass grafting.

Table 4. Characteristics of Patients Who Ended Up Having Amputation of the Involved Extremity after Having Endovascular Intervention

Fontaine TASC Runoff Post Intervention Stent Angioplasty Misc

Patient 1 4 D 1 1 1 Patient had h/o prior bypass

Patient 2 3 D 1 0 0 Angiojet of occluded fem fem
bypass

Patient 3 2 D 3 1 1 Atherectomy

Cryoplasty (this was followed by
repeat intervention in 7 mo and
fem pop bypass a mo after)

Patient 4 4 D 3 1 1 h/o rt leg amputation

Patients 1, 3, and 4 had amputations performed at a different hospital. Abbreviations: h/o, history of; mo, month.

indicate that their expectations of improvement in walking
following the procedure were not met.

There were no significant complications noted in the
perioperative phase of these procedures. Overall, 21% of
patients noted improvement in walking distance after the
procedure. Table 4 describes the detailed characteristics
of patients who gave a history of amputation on follow-up.
Interestingly, none of them had a history of CABG, but
all had severe PAD as described by their TASC lesions
on angiogram. Two of these patients already had surgical
bypass performed, 1 had bypass later after the intervention
and the last case already had amputation of the contra lateral
lower extremity prior to intervention.

Limitations

This study has some limitations, most important of which is
that it used a retrospective study design. The findings from
this study need to be confirmed in a prospective design to
establish the role of comorbid conditions having a negative
impact on the walking ability of patients with peripheral arte-
rial disease at long-term follow-up. Another limitation was
lack of information on almost half of the patients, as they
either refused to participate or their updated contact infor-
mation was not available. Thus, our results may be biased,
as those with less favorable walking ability at follow-up may
not have been included in the analyses. Conversely, it is
possible that the patients with the best walking ability were
lost to follow-up because of resolution of their symptoms.

Another important limitation is that status of the vessel at
the time of follow-up, that is, whether the vessel at the time
of follow-up is patent is unknown.

Conclusion
In conclusion, CABG prior to endovascular intervention is
predictive of favorable change in walking distance in patients
with PAD at follow-up. Therefore, post-CABG patients are
good candidates for exercise rehabilitation and risk factor
modification.

References
1. Criqui MH, Denenberg JO, Langer RD, Fronek A. The

epidemiology of peripheral arterial disease: importance of
identifying the population at risk. Vasc Med. 1997;2(3):221–226.

2. Goessens BM, van der Graaf Y, Olijhoek JK, Visseren FL. The
course of vascular risk factors and the occurrence of vascular
events in patients with symptomatic peripheral arterial disease.
J Vasc Surg. Jan 2007;45(1):47–54.

3. Hirsch AT, Haskal ZJ, Hertzer NR, et al. ACC/AHA 2005 guidelines
for the management of patients with peripheral arterial disease
(lower extremity, renal, mesenteric, and abdominal aortic):
executive summary a collaborative report from the American
Association for Vascular Surgery/Society for Vascular Surgery,
Society for Cardiovascular Angiography and Interventions, Society
for Vascular Medicine and Biology, Society of Interventional
Radiology, and the ACC/AHA Task Force on Practice Guidelines
(Writing Committee to Develop Guidelines for the Management
of Patients With Peripheral Arterial Disease) endorsed by
the American Association of Cardiovascular and Pulmonary
Rehabilitation; National Heart, Lung, and Blood Institute;
Society for Vascular Nursing; Trans Atlantic Inter-Society

E10 Clin. Cardiol. 32, 9, E7–E11 (2009)
A. Afaq et al: Predictors of change in walking distance in patients with PAD
Published online in Wiley InterScience. (www.interscience.wiley.com)
DOI:10.1002/clc.20553  2009 Wiley Periodicals, Inc.



Consensus; and Vascular Disease Foundation. J Am Coll Cardiol.
2006;47(6):1239–1312.

4. Caro J, Migliaccio-Walle K, Ishak KJ, Proskorovsky I. The
morbidity and mortality following a diagnosis of peripheral arterial
disease: long-term follow-up of a large database. BMC Cardiovasc
Disord. 2005;5:14.

5. Kudo T, Chandra FA, Kwun WH, Haas BT, Ahn SS. Changing
pattern of surgical revascularization for critical limb ischemia
over 12 years: endovascular vs open bypass surgery. J Vasc Surg.
2006;44(2):304–313.

6. Dotter CT, Judkins MP. Transluminal treatment of arteriosclerotic
obstruction. Description of a new technic and a preliminary report
of its application. 1964. Radiology. 1989;172(3 Pt 2):904–920.

7. Johnston KW. Factors that influence the outcome of aortoiliac and
femoropopliteal percutaneous transluminal angioplasty. Surg Clin
North Am. 1992;72(4):843–850.

8. Stanley B, Teague B, Raptis S, Taylor DJ, Berce M. Efficacy of
balloon angioplasty of the superficial femoral artery and popliteal
artery in the relief of leg ischemia. J Vasc Surg. 1996;23(4):679–685.

9. Hunink MG, Donaldson MC, Meyerovitz MF, et al. Risks and
benefits of femoropopliteal percutaneous balloon angioplasty. J
Vasc Surg. 1993;17(1):183–192.

10. Krankenberg H, Schluter M, Steinkamp HJ, et al. Nitinol stent
implantation versus percutaneous transluminal angioplasty in
superficial femoral artery lesions up to 10 cm in length: the femoral
artery stenting trial (FAST). Circulation. 2007;116(3):285–292.

11. Schillinger M, Sabeti S, Dick P, et al. Sustained benefit at 2
years of primary femoropopliteal stenting compared with balloon
angioplasty with optional stenting. Circulation. 2007;115(21):
2745–2749.

12. Schillinger M, Sabeti S, Loewe C, et al. Balloon angioplasty versus
implantation of nitinol stents in the superficial femoral artery. N
Engl J Med. 2006;354(18):1879–1888.

13. Adam DJ, Beard JD, Cleveland T, et al. Bypass versus angioplasty
in severe ischaemia of the leg (BASIL): multicentre, randomised
controlled trial. Lancet. 2005;366(9501):1925–1934.

14. Yacyshyn VJ, Thatipelli MR, Lennon RJ, et al. Predictors of failure
of endovascular therapy for peripheral arterial disease. Angiology.
2006;57(4):403–417.

15. Gardner AW, Montgomery PS. The Baltimore activity scale for
intermittent claudication: a validation study. Vasc Endovascular
Surg. 2006;40(5):383–391.

16. Dormandy JA, Rutherford RB. Management of peripheral arterial
disease (PAD). TASC Working Group. Trans Atlantic Inter-Society
Consensus (TASC). J Vasc Surg. 2000;31(1 Pt 2):S1–S296.

17. Hirschhorn AD, Richards D, Mungovan SF, Morris NR, Adams L.
Supervised moderate intensity exercise improves distance walked
at hospital discharge following coronary artery bypass graft
surgery-a randomised controlled trial. Heart Lung Circ. 2008;
17(2):129–138.

18. Fiorina C, Vizzardi E, Lorusso R, et al. The 6− walking test
early after cardiac surgery. Reference values and the effects of
rehabilitation programme. Eur J Cardiothorac Surg. 2007;32(5):
724–729.

19. Hedback B, Perk J, Hornblad M, Ohlsson U. Cardiac rehabilitation
after coronary artery bypass surgery: 10-year results on mortality,
morbidity and readmissions to hospital. J Cardiovasc Risk.
2001;8(3):153–158.

20. WHO. The rehabilitation of patients with cardiovascular
diseases. Report on a seminar. EURO 0381.Copenhagen: World
Health Organization, regional office for Europe, Copenhagen;
1969 .

21. Long-term comprehensive care of cardiac patients. Recommen-
dations by the Working Group on Rehabilitation of the Euro-
pean Society of Cardiology. Eur Heart J. 1992;13(suppl C):
1–45.

22. Opasich C, De Feo S, Pinna GD, et al. Distance walked in the
6-minute test soon after cardiac surgery: toward an efficient use in
the individual patient. Chest. 2004;126(6):1796–1801.

23. Leng GC, Fowler B, Ernst E. Exercise for intermittent claudication.
Cochrane Database Syst Rev. 2000(2):CD000990.

24. Gardner AW, Poehlman ET. Exercise rehabilitation programs
for the treatment of claudication pain. A meta-analysis. JAMA.
1995;274(12):975–980.

25. Strandness DE Jr, Dalman RL, Panian S, et al. Effect of
cilostazol in patients with intermittent claudication: a randomized,
double-blind, placebo-controlled study. Vasc Endovascular Surg.
2002;36(2):83–91.

26. Aronow WS, Nayak D, Woodworth S, Ahn C. Effect of simvastatin
versus placebo on treadmill exercise time until the onset of
intermittent claudication in older patients with peripheral arterial
disease at six months and at one year after treatment. Am J Cardiol.
2003;92(6):711–712.

27. Mohler ER III, Hiatt WR, Creager MA. Cholesterol reduction with
atorvastatin improves walking distance in patients with peripheral
arterial disease. Circulation. 2003;108(12):1481–1486.

28. Mondillo S, Ballo P, Barbati R, et al. Effects of simvastatin on
walking performance and symptoms of intermittent claudication
in hypercholesterolemic patients with peripheral vascular disease.
Am J Med. 2003;114(5):359–364.

Clin. Cardiol. 32, 9, E7–E11 (2009) E11
A. Afaq et al: Predictors of change in walking distance in patients with PAD

Published online in Wiley InterScience. (www.interscience.wiley.com)
DOI:10.1002/clc.20553  2009 Wiley Periodicals, Inc.


