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P
eripheral arterial disease (PAD) affects approxi-

mately 12% to 14% of the general population,

which steadily increases with age and affects up

to 20% of patients who are older than 75 years.1

The prevalence of PAD markedly increases in patients

with diabetes, hypertension, hyperlipidemia, and a history

of smoking.2 The most sensitive tool to detect PAD is the

ankle-brachial index.2 Various treatment options include

lifestyle modifications, endovascular revascularization,

and open revascularization. In the past, most of these

patients with significant limb ischemia have been treated

with surgical revascularization. However, with rapid

advances in catheter-based technology, there has been a

significant shift toward endovascular interventions.3,4

There are very few data regarding limb salvage rates

and lower extremity amputation rates after infrainguinal

endovascular procedures.5 To examine the impact of

endovascular interventions on the amputation and limb

salvage rates and determine its relationship to open

revascularization, we set forth to retrospectively examine

a 12-year period of data from this patient population at

our center.

METHODS

We performed a retrospective review of patients who

underwent peripheral lower extremity vascular proce-

dures from 1999 to 2010. The peripheral lower extremity

vascular procedures that were included in our study were

endovascular and surgical revascularization and major

lower extremity amputations. All amputations were per-

formed by vascular surgeons only. Surgical revasculariza-

tion procedures were femoropopliteal artery bypass,

femorofemoral crossover bypass, femorotibial vessel

bypass, and other distal vessel bypasses. Both native and

prosthetic conduits were included in the study. Because

few axillary femoral and aortobifemoral bypass proce-

dures were performed in any given year, these procedures

were not included.

The endovascular revascularization procedures included

atherectomy and balloon angioplasty with or without stent

placement. Both surgical and endovascular revasculariza-

tion procedures were performed by vascular surgeons. The

various kinds of atherectomy devices used included the

SilverHawk plaque excision system (Covidien, Mansfield,

MA), orbital atherectomy, and laser atherectomy.
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Figure 1. Trends in endovascular revascularization, surgical

revascularization, and amputation over 12 years.



All endovascular revascularization procedures were per-

formed under local anesthesia with moderate conscious

sedation. It is generally accepted that approximately 10%

of patients will undergo repeat endovascular revasculariza-

tion.6 Because the unit of analysis in our study was mainly

the procedures, we only included one endovascular revas-

cularization procedure per patient. Above- and below-the-

knee amputations were also studied.

We divided our data into two groups: patients who

were treated from 1999 to 2004 and those who were treat-

ed from 2005 to 2010 (Table 1). Data were analyzed in

terms of percentages of procedures per year. The rates of

limb salvage, revascularization, and amputation were cal-

culated (Table 2). All analyses were performed using

Microsoft Excel and GraphPad software. A t-test was used

to calculate the statistical significance between the two

groups. We also calculated the odds ratio to assess the

probability of having revascularization and/or amputation

between the two groups.

RESULTS

A total of 1,615 lower extremity peripheral vascular

procedures from 1999 to 2010 were included in our

study. A total of 1,377 (85.3%) patients underwent some

form of lower extremity revascularization (Table 3): 738

(53.6%) patients had endovascular procedures, and 639

(46.4%) had open revascularizations. Two hundred thirty-

eight patients had major amputations, accounting for an

overall rate of 14.7%. We also calculated the percentage

of procedures per year (Table 2).

The rates of endovascular revascularization significant-

ly increased from 7.8% before 2005 to 79.9% after 2005

(Figure 1). The rates of surgical revascularization signifi-

cantly declined from 92.2% to 20.1% before and after

2005, respectively. It was interesting to note that major

amputation rates also showed statistically significant

decline between the two groups (P < .01).

As seen in Table 1, the odds of having endovascular

revascularization after 2005 is 4.6 as compared to 0.06
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TABLE 1.  COMPARISON OF THE ODDS OF UNDERGOING LOWER LIMB PROCEDURES 
BETWEEN TWO GROUPS OF PATIENTS

TABLE 2.  PERCENTAGE OF VASCULAR PROCEDURES AND THE CORRESPONDING YEAR

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Endovascular 
revascularization
(%)

0 0 0 1.6 12.5 32.9 52.9 75.3 86.3 88.3 87.7 89

Open 
revascularization
(%)

100 100 100 98.4 87.5 67.1 47.1 24.7 13.7 11.7 12.3 10.9

Amputation (%) 32.3 25 27 18.2 28.4 20 15 9.1 8.2 3.8 7.2 5.2

1999–2004
Group

Odds 2005–2010
Group

Odds OR P Value

Endovascular
revascularization
rate

7.8% ± 13.2% 0.06 79.9% ± 14.2% 4.6 0.01 < .01

Open 
revascularization
rate

92.2% ± 13.2% 14.7 20.1% ± 14.2% 0.2 67.86 < .01

Limb salvage rate 74.9% ± 5.3% 3.1 91.9% ± 3.9% 12.08 0.26 < .01

Major 
amputation rate

25.1% ± 5.3% 0.32 8.1% ± 3.9% 0.08 3.89 < .01

Abbreviation: OR, odds ratio.



before 2004. This demonstrates a significant increase in

endovascular revascularization versus open revasculariza-

tion in patients with CLI (P < .01). Furthermore, the odds

of undergoing open revascularization before 2005 were

higher than after 2005. This represents a significant shift

toward endovascular revascularization as the preferred

mode of revascularization in the last 5 to 6 years at our

center. It is also interesting to note that this shift has

resulted in an increase in limb salvage rates from 74.9%

to 91.9% (P < .01). Both types of amputation (above- and

below-the-knee) also decreased after 2005, achieving sta-

tistical significance. 

DISCUSSION

Endovascular intervention for the treatment of limb

ischemia has become the first line of therapy in many

centers.7-9 Vascular surgeons and cardiologists perform

endovascular interventions in most centers;10 however, in

our study, only vascular surgeons were involved in all of

the procedures. Undoubtedly, in our analysis, we have

seen a rapid growth of endovascular revascularization

during the last 5 years, which has lead to a significant

decline in surgical revascularization.

There are several reasons for the rapid growth of

endovascular revascularization. First, endovascular inter-

ventions fall under the broad category of minimally inva-

sive surgery, making it more attractive to patients. In the

past, patients with critical limb ischemia would have

undergone surgical revascularization provided their gen-

eral condition allowed it; if not, they would either receive

no treatment or perhaps undergo an amputation.

However, studies have shown that even in octogenarians,

endovascular interventions are associated with improved

outcomes.11 Similarly, patients with claudication who

would have avoided surgery in the past now elect to have

endovascular revascularization because of the minimally

invasive nature of these procedures.3

Second, to sustain long-term patency, we might need

to perform repeat endovascular interventions. This trans-

lates to the fact that patients may undergo multiple

endovascular revascularizations as opposed to a single

surgical bypass. Furthermore, patients with failed bypass

grafts who have undergone endovascular revasculariza-

tion have shown significant improvement in terms of

limb salvage rates.12 It is not uncommon to see this as a

reasonable choice in those with poor target vessels, con-

duits, or factors for excess surgical risk.12

Any discussion on endovascular revascularization raises

the question, how has endovascular intervention affected

the treatment of PAD? The answers will be difficult to

determine because the outcome of any intervention will

vary according to the type and degree of intervention.

Clinical success in terms of graft patency and amputa-

tion-free survival does not necessarily translate into

favorable outcomes from the patient’s perspective.

The conclusion from our study that endovascular

intervention has significantly increased our center’s limb

salvage rates cannot be directly established but, at the

same time, cannot be ignored as well. Most of these

patients will have multiple medical comorbidities includ-

ing diabetes, coronary artery disease, and hypertension.

Adequate management of these associated conditions, in

addition to vascular revascularization, has significantly

improved patient outcomes.13,14 We must remember that

outcomes are determined by the patient’s intrinsic fac-

tors and not solely by the method of revascularization.15

We should note that there are several limitations to

our study. The exact details of the indications for the

interventions, locations and type of lesions and stenoses,

primary patency, assisted primary patency, and second-

ary patency rates were not included in this study. Also,

there was no long-term follow-up of these patients.

Patients who underwent previous surgical revasculariza-

tion might have had endovascular interventions to sus-

tain graft patency, increasing the number of endovascu-

lar interventions in these patients. We also did not take

into account the multiple medical comorbidities of these

patients and how well these issues were managed.

Therefore, our future work aims to look into these intrin-

sic patient factors to gain valuable insight into the

impact of endovascular revascularization on the manage-

ment of patients with PAD.
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TABLE 3.  DISTRIBUTION OF TOTAL PERIPHERAL VASCULAR PROCEDURES
AND THE CORRESPONDING YEAR

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Endovascular
revascularization

0 0 0 2 6 25 45 113 145 136 136 130

Open 
revascularization

44 87 138 124 42 51 40 37 23 18 19 16

Amputation 21 29 51 28 19 19 15 15 15 6 12 8



CONCLUSION

In this day and age of increased technological advance-

ment, even though a direct cause-and-effect link cannot

be established between endovascular revascularization

and limb salvage, it cannot be ignored that endovascular

intervention has significantly affected the decline in

amputation rates, allowing our patients to live independent

and dutiful lives. ■
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