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Abstract
Purpose of review In recent years, there have been advances in the prevention, management, and control of peripheral vascular disease (PVD). There is a trend towards aggressive
risk factor modification, noninvasive screening, and endovascular revascularization with
surgical approaches reserved only for select cases. This article reviews the different
management strategies ranging from pharmacotherapy, revascularization, and rehabilitation with an emphasis on the response of women to these therapies.
Recent findings Overall, the representation of women in the majority of the published data
in this arena remains poor. Studies examining medical therapy and endovascular and
surgical revascularization were not designed to address sex disparities. Nevertheless, we
dissect these therapies and their relevant randomized trials.
Summary The paucity of data investigating the response of women to the different
management options makes it difficult to make any evidence-based recommendations.
This not only applies to the type of intervention, but also the appropriate timing and risks
entailed.
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Introduction
The main management goals for PVD are similar for both
sexes, namely, reducing morbidity and mortality and improving symptoms and quality of life [1]. These goals are
achieved by aggressive risk factor modification, pharmacotherapy, revascularization, and rehabilitation. The objective of this review is to describe such management strategies and examine their response in women specifically.

Medical therapy
The management of comorbidities such as diabetes
mellitus with a target HbA1c between 6.0–7.0, hypertension, and dyslipidemia with statins is essential to reducing cardiovascular mortality and morbidity. Statin use
may also improve walking distance and speed in patients with claudication [2–4]. Smoking cessation slows
the progression to critical leg ischemia and reduces the
risk of myocardial infarction and death from related
events [5]. The HERS trial revealed that women who
were on hormonal replacement therapy (HRT) and used
statins had a reduced risk of thromboembolic events
when compared to those who did not [6]. It is noteworthy that based on several studies, pharmacological therapy is underused in women. Statin use in women is 63%
compared to 87% in men; the use of antiplatelet agents
is 40% in women compared to 58% in men [7, 8].
Compared to women, the odds of men seeking and
receiving lipid lowering agents is 1.3 and for antiplatelet
agents is 1.6 [9]. Similarly, there is lower use of ACE
inhibitors in women. Overall, men are more likely to
receive multiple agents compared to women [10].
Although pharmacotherapy and life-style modification are imperative for reduction of mortality and morbidity, they may not provide significant reduction of
claudication. Agents that are specifically prescribed for
symptom relief include Cilostazole, Naftidrofuryl, and
Carnitine. Results from four randomized controlled trials found that Cilostazole can improve pain-free walking distance, functional capacity, ankle brachial index,
and raise serum HDL cholesterol concentration level
[11–14]. There are no trials that specifically address the
effects of these agents in women. The overall sample size
of the majority of these trials was small and enrollment
of women was 20–30%.
The role of antiplatelet therapy on the progression of
PVD remains unclear. The CAPRIE study found that
clopidogrel reduced the risk of myocardial infarction,

stroke, and mortality rate by 24% when compared to
patients who received aspirin alone [4]. Aspirin had a
numerical, but not statistically significant, reduction in
the risk of myocardial infarction, stroke, and death from
vascular causes. Accordingly, the Food and Drug Administration (FDA) expert panel found insufficient evidence
to approve the labeling of aspirin for PVD [5].
Rivaroxaban is an oral direct factor Xa inhibitor approved by the FDA for the prevention of atherothrombotic
events in adults with stable coronary artery disease or
symptomatic PVD who are at high risk of ischemic events,
based on the COMPASS study. Rivaroxaban 2.5 mg twice
daily combined with aspirin 100 mg significantly reduced
the risk of stroke (42%), cardiovascular death (22%), and
heart attacks (14%) compared to aspirin alone. The
enrollees of this trial were 27,395 in total. Disappointingly,
women constituted only 23% of the total studied population [15, 16].

Endovascular therapy
Indications for revascularization therapy include critical
limb ischemia (CLI), rest pain, gangrene, or refractory
claudication [17]. Historically, surgery had been the
revascularization choice in these patients. However,
women tended to have worse clinical outcomes after
surgical revascularization mainly due to postprocedural complications, including bleeding and infection. With advancements in endovascular techniques
over the past decade, there has been a paradigm shift
in the treatment of PVD [18–20]. Traditionally, percutaneous vascular intervention (PVI) is recommended for
type A or B Transatlantic InterSociety Consensus
(TASCII), those with favorable anatomy or those who
are not surgical candidates or would have significant
morbidity with surgery [21].
Percutaneous transluminal angioplasty
Percutaneous transluminal angioplasty (PTA) is an appropriate option for iliac and superficial femoral artery
(SFA) lesions. In iliac occlusive disease, studies have
shown better outcomes with PTA and stenting compared with PTA alone. Interestingly, although women
tend to present at an older age with iliac disease and
have more extensive occlusive disease, PVI outcomes
and stent patency did not differ in women compared
to men [17, 20, 22]. SFA lesions longer than 10 cm are
best treated with PTA and stenting as studies have demonstrated better patency rates compared to PTA alone.
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However, the femoral artery stenting trial (FAST) revealed that lesions shorter than 10 cm treated with
PTA only without stenting had comparable outcomes
to stenting [23]. Enrollment of women in this trial was
25% only.
PVI is usually avoided in the common femoral and
popliteal arteries due to the high failure rates observed in
these locations; this is mainly attributed to higher flexion leading to stent fracture or dissociation [17]. For
infrapopliteal lesions in CLI, balloon angioplasty is recommended as the treatment of choice with stenting
reserved for refractory or calcified lesions [17, 24, 25].
The ACHILLES trial randomized 200 patients to stenting
using a sirolimus-eluting stent (SES) or balloon angioplasty. Results at 1 year demonstrated lower angiographic restenosis rates (22.4% vs. 41.9%, p = 0.019),
greater vessel patency (75.0% vs. 57.1%, p = 0.025),
and similar death, repeat revascularization, index-limb
amputation rates, and proportions of patients with improved Rutherford class for SES versus PTA [26]. Once
again, the enrollment of women was low with 25–33%
in each arm. Irrespective of sex, it is important to note
that when patients present with single vessel run off,
weighing the risks and benefits of intervention is critical
as the intervention itself can precipitate acute limb ischemia by embolic or thrombotic events [17, 25].
The K-VIS ELLA (Korean Vascular Intervention Society Endovascular Therapy in Lower Limb Artery Disease)
registry is a nationwide, multicenter, observational study
that included 3073 PVD patients undergoing PVI. A total
of 2523 men and 550 women were enrolled. The primary outcome was a composite of death, myocardial
infarction, and major amputation. Investigators reported more comorbidities and more severe and complex
target lesions in women than men. Compared to men,
women had higher rates of death, myocardial infarction,
major amputations (14.8% versus 9.8%, P = 0.038), major adverse limb events (19.9% versus 14.5%, P =
0.039), and procedural complications (10.2% versus
5.9%, P G 0.001). The primary outcome was significantly higher in women with claudication compared to men
(P G 0.001). In contrast, there was no significant difference in primary outcome for patients with critical limb
ischemia between men and women (P = 0.426) [27•].

Drug-coated balloons and stents
In recent years, drug-eluting technologies have raised
expectations for the treatment of femoro-popliteal disease. Studies have shown that there are clear advantages
to drug-coated balloons (DCB) and drug-eluting stents

Page 3 of 10 68
(DES) using paclitaxel as shown in 5-year outcome studies for both devices [28•, 29•, 30].
The THUNDER study was designed to investigate the
effect of local paclitaxel administration using a DCB on
restenosis rates after femoro-popliteal arterial interventions. A total of 154 patients were randomized in this
multicenter trial [29•]. The study had a pre-specified
analysis to examine sex-based differences in outcome.
The study demonstrated that the cumulative number of
patients with at least 1 target lesion revascularization
(TLR) was lower in the DCB arm. In the control group,
TLR was necessary in 30 of 54 of the patients (56%)
compared with 10 of 48 (21%) in the DCB group (p
G 0.0005). An exploratory sex analysis found a cumulative TLR rate that was lower in men than in women (4 of
24 patients [17%] vs. 6 of 16 patients [38%]). The
cumulative 5-year TLR rate in the control group was
slightly higher for men (20 of 28 patients [71%] vs. 10
of 19 patients [52%]). Given that women account for a
growing percentage of the elderly population presenting
with PVD, the authors comment that their exploratory
analysis is limited by the small number of patients but
showed a similar trend as in the PACIFIER study in
which the long-term benefit of DCB appears to be greater in men than women [30]. The absolute numbers
remain small and should be tested in larger studies.
In contrast to the very positive results of femoropopliteal disease with drug-coated devices, similar success was not met in infrapopliteal disease. The BIOLUX
P-II compared the Biotronic Passeo-18 LUX DCB versus
an uncoated balloon in 72 patients with infrapopliteal
disease. The sex of the 36 subjects in each arm is not
reported. The primary outcomes did not differ significantly between patients treated with DCB and patients
treated with PTA. The authors concluded that the primary study hypothesis, a 45% relative risk reduction for
binary restenosis, was not met [31]. However, there was
no signal for worse outcomes as detected in the IN.PACT
Deep study in which there was a trend towards an
increased major amputation rate through 12 months
compared to PTA [32].
The Zilver PTX randomized control trial included
long-term follow-up for the Zilver DES through 5 years
[28•]. It is the largest randomized SFA endovascular
device trial reported, and the 5-year outcomes provide
the longest known comparative outcomes of DES to
standard endovascular treatment for femoro-popliteal
disease. Four hundred seventy-nine patients underwent
randomization to DES versus control PTA, followed by
second randomization of the acute PTA failures to a bare
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metal stent (BMS) versus the study DES. Thirty-five percent of the patients in both arms were women. The
primary endpoint was very positive in favor of DES
versus PTA (including BMS for acute PTA failures). The
primary patency rate was 66.4% in the DES arm versus
44.1% in the PTA arm (P G 0.01). The 5-year outcome
study did not report any specific subgroup interactions
including sex differences.
The latest stent in the peripheral market for femoropopliteal disease is the Eluvia stent which is a polymercoated paclitaxel-eluting stent. This was tested in a head
to head comparison with the Zilver PTX DES in the
IMPERIAL study [33•]. This is the only randomized
study of two DES in the peripheral circulation. Four
hundred fifty-six patients were randomized to Zilver
PTX or the Eluvia stent. Women constituted 34% of
the study population. Primary patency at 12 months
was 87% in the Eluvia group and 82% in the Zilver
PTX stent group (difference 5.3%; p G 0·0001). Target
lesion revascularization in the Eluvia group was half of
that in the Zilver PTX group. While the study was
powered to show non-inferiority for the Eluvia stent, it
showed a trend towards superiority. This trial did not
address sex disparity in the analysis.

Recent controversy
The very encouraging result of the DCB and DES studies
in the femoro-popliteal arteries was tempered by the
surprising report of Katsanos et al. It is a summary level
meta-analysis of 28 studies of the paclitaxel-coated DCB
and DEB. Investigators reported an increase in the relative risks of mortality with paclitaxel-coated devices. In
light of this controversy the FDA issued a Letter to
Health Care Providers on March 5, 2019, and updated
on April 23, 2019 [34]. Since then, multiple patient-level
meta-analyses have been published and do not show
any trend towards increased mortality [35•, 36••, 37••].
In addition, Secemsky et al. analyzed Medicare patients,
with a median follow-up time of 2 years of BMS versus
DES. They found no difference in mortality for DES
versus BMS [38].
The FDA letter best summarizes the current state of
affairs:
“These data should be interpreted with caution for
several reasons. First, there is large variability in the risk
estimate of mortality due to the limited amount of longterm data. Second, these studies were not originally
designed to be pooled, introducing greater uncertainty
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in the results. Third, the specific cause and mechanism of
the increased mortality is unknown.”

Endovascular atherectomy

Several atherectomy devices have been approved as
debulking therapies in PVD. The first of such devices is
the Silverhawk which has been modified to the more
recent generation HawkOne device. The DEFINITIVE LE
(Lower Extremity Revascularization Using Directional
Atherectomy: 12-Month Prospective Results) Study is
the most recent trial examining atherectomy in
infrainguinal disease. A pre-specified subgroup analysis
for diabetic patients was provided. A total of 800 subjects were enrolled (of which 45% were women). The
12-month primary patency was 78% in claudicants
(77% in the diabetic subgroup versus 78% in the nondiabetic subgroup). The rate of freedom from major
unplanned amputation of the target limb at 12 months
in CLI subjects was 95%. Adverse event included embolization (3.8%), perforation (5.3%), and abrupt closure
(2.0%). The bailout stent rate was 3.2% [39•].
Shammas et al. also examined directional atherectomy in their 2011 publication. The primary endpoint of
their study was TLR at 1 year. During follow-up, TLR
rates were similar in the atherectomy and angioplasty
arms (11.1 vs. 16.7%), with a small numerical benefit in
favor of directional atherectomy. However, atherectomy
plus angioplasty resulted in significantly less bailout
stenting due to suboptimal immediate technical result
(27.6 vs. 62.1%; p = 0.017). On the other hand, distal
macro-embolization was significantly higher in the atherectomy arm (64.7 vs. 0.0%; p G 0.001) [40].
Orbital atherectomy was investigated by the same
group. Procedural success was detected in 93% of the
atherectomy plus angioplasty arm vs. angioplasty alone
82.4%. Bailout stenting was needed in 6.9% of the
atherectomy plus angioplasty vs. angioplasty alone
14.3%. At 1-year follow-up, no patient underwent major
amputation. Freedom from TVR and all-cause mortality
rates were 93.3 and 100% in the atherectomy plus balloon angioplasty arm versus 80.0% and 68.4% in the
balloon angioplasty alone arm, respectively [41].
Excimer laser atherectomy (ELA) was examined in a
study of 250 patients in 2015. The trial included those
with claudication or CLI (Rutherford Class 1 to 4) due to
in-stent restenosis. Primary efficacy endpoint was 6month TLR and primary safety endpoint was 30-day
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major adverse event (death, amputation, or TLR). Although the calcifications were significantly higher in
the atherectomy arm (27.1 vs. 9.1%), ELA resulted in
superior procedural success (93.5 vs. 82.7%; p = 0.01)
and freedom from TLR (73.5 vs. 51.8%; p G 0.005),
significantly fewer procedural complications and 30day major adverse event rates (5.8 vs. 20.5%; p G
0.001), respectively. Moreover, ELA was associated with
a 52% TLR reduction [42].
In 2014, Diamantopoulos et al. elaborated a metaanalysis of six randomized trials that summarized the
outcomes of atherectomy. It suggested that there was no
advantage to debulking atherectomy compared to plain
balloon angioplasty alone. The meta-analysis was, however, limited to 287 patients [43]. None of the atherectomy trials addressed sex disparities specifically. Post
hoc analysis of these trials is not possible given the small
numbers enrolled overall and women particularly.

Endovascular repair of the aorta

Large trials have evaluated the role of screening for
abdominal aortic aneurysm (AAA) in men. These trials
have demonstrated a reduction in aneurysm-related
death as well as cost effectiveness of screening [44–49].
Accordingly, the United States Preventive Services Task
Force (USPSTF) recommends screening for men between the age of 65 and 75 years with history of
smoking [50]. It has generally been accepted that the
prevalence of AAA in women is low, 20% of that in men.
History of smoking, age more than 65 years, and history
of heart disease have been identified as risk factors that
require screening in women [44]. However, screening
protocols remain unclear for women.
When examining sex disparities in AAA management, there are several confounders. Firstly, the data is
primarily derived from screened populations. It is
established that screened aneurysms in men have a better prognosis compared to non-screened cohorts. Therefore, data derived solely from screened populations may
be misleading in both sexes. Indexing diameters in men
has been standardized and proven useful in determining
the time for intervention. This has not been addressed in
randomized trials for women. Theoretically, indexing in
women may lower the threshold and subject them to
premature intervention. Although aneurysms are less
frequent in women, they have worse outcomes. It remains unknown whether early screening and intervention will reduce mortality.
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Furthermore, in view of more complex anatomy, rapid
rate of aneurysm expansion and a higher rate of rupture at
smaller diameters, women are at increased risk of death
from an AAA [51]. They also have a higher 30-day mortality rate and more complications from either open abdominal aortic aneurysm repair or endovascular repair
(EVAR) than men [52]. In terms of EVAR, 60% of women
are not suitable candidates for treatment with conventional devices. On average, the infrarenal aortic neck length in
women is 12 mm and 16 mm in men. The neck angulation in women is 45° and 36° in men. The iliac arteries’
diameter in women is 11 mm and 14 mm in men. Currently available devices have taken into account these
anatomic differences and are often tailored for specific
patient measurements. Specific manufacturers address
short neck, angulation, and low profiles [53•].
Trials such as the LIFE Study explored benefits of a
minimalistic approach using the low-profile TriVascular
Ovation Prime device [54, 55]. This includes percutaneous
access, conscious sedation, and next-day discharge from
the hospital. Results at 30 days demonstrated low rates of
adverse events, high procedural success rates, freedom
from endoleak, and hospital readmission rates 5 times
lower than those with contemporary EVAR protocols
(1.6% vs 8.2%). The LUCY trial addressed outcomes of a
minimalistic approach using the Ovation Prime device
specifically in women [56]. A total of 225 patients were
enrolled, 76 women and 149 men. LUCY 1-year data
revealed that at least 28% more women were eligible for
EVAR when using the Ovation abdominal stent graft system than when using other EVAR systems. The primary
endpoint of the study was defined as the 30-day major
adverse event rate. Despite more complex anatomy, women had similar outcomes compared to men at 1-year. In
both men and women, freedom from rupture was 100%,
from conversion was 100%, and from all device-related
reintervention was 97.2%. Freedom from AAA-related morality was 100% in women and 98.6% in men.
In their meta-analysis, Ulug et al. concluded that
compared to men, fewer women were eligible for EVAR
(34% vs 54%), fewer women were offered intervention
(34% vs 19%), and the 30-day mortality was higher in
women for both EVAR (23% vs 14%) and open repair
(54% vs 28%). Randomized data elucidating the role of
screening, indexing, and early repair in women is necessary [53•].

Surgical intervention
Surgical revascularization should be recommended
when an endovascular approach is not feasible from
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an anatomical perspective or when it fails [57]. Surgical
revascularization outcome trials are largely obtained
from predominantly male populations. Only 32% of
randomized trial participants for PVD revascularization
were women (range 0–54%). Women undergoing surgery for PVD in these trials were older, had advanced
disease, and had a lower prevalence of smoking [58].
African-American women had higher early graft failure
compared to white men. There was no significant difference in death, major or minor complications between
women and men [59]. In an observational study,
Ferranti et al. found no sex disparity in common femoral
artery endarterectomy or arterial segment interventional
treatment (Aortoiliac, Superficial femoral artery popliteal bypass, Infrapopliteal, Multiple grafts) [60]. With regard to infrainguinal disease, there are multiple conflicting results. In several observational studies for critical
limb ischemia, surgical outcomes defined as MACE (including death), amputation, and a second intervention
were identical for both sexes [61, 62]. However, Lejay
et al. published their retrospective data in 2015 concluding that women were at higher risk of adverse events
[63]. This may be attributed to the older age of women
enrolled in this cohort. Additionally, unlike other trials,
in this trial, women and men had comparable risk factors, comorbidities, medications, extent of lesions, types
of bypass, and conduits ensuring homogeneity of both
groups.
Management of PVD has changed after endovascular
revascularizations, and the number of open surgeries
dropped by 32% and major amputation decreased noticeably by 35% in women and 21% in men [64]. In
their meta-analysis, Wan et al. evaluated the effect of sex
on outcomes after surgery. The investigators concluded
that women had inferior short-term outcomes for 30day reintervention and higher 30-day mortality, amputations, early graft thrombosis, embolization, cardiac
and pulmonary events, and stroke. With regard to
long-term outcomes, namely survival, graft patency,
and limb salvage, no difference between women and
men was detected [65].

Amputations

Fifty-four percent of all amputations are attributable to
PVD. Women constitute 47% of all amputations. It is
projected that the number of people living with an
amputated limb will more than double by the year
2050 [66]. Although women have a lower prevalence
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of amputations, they remain at higher risk compared to
men [67]. A large longitudinal study of Critical Limb
Ischemia, from 2002 to 2011 by the Health Utilization
Project Nationwide Inpatient Sample, found that Women maintained a higher ratio of above-knee amputation
to below-knee amputations compared to men. This was
associated with a higher mortality, increased functional
impairment, and poor quality of life [67].

Rehabilitation/Exercise Program
Supervised Exercise Program (SEP) at least 3 times per
week, 30–60 min, for at least 12 weeks is essential in the
management of patients with claudication [68]. The
CLEVER study (Supervised Exercise versus Primary
Stenting for Claudication From Aortoiliac Peripheral
Artery Disease) concluded that SEP provides superior
improvement in treadmill walking performance over
6 months compared to stent revascularization therapy
and optimal medical care for both sexes. It is notable
that the optimal medical care arm was 73% male predominate and the stent therapy plus medical care only
had 30% women [69]. When combining SEP with
endovascular revascularization, walking distance was
increased to 566 m compared to 402 m in endovascular
group alone. Following bypass surgery, SEP had an 89%
improvement in the 6 min walking test compared to
47% in bypass surgery alone. Generally, a 12-week SEP
before or after intervention may reduce cardiovascular
mortality [70]. Most of the studies conducted on SEP
were based on studies with male predominance. Enrollment of women ranged from 0 to 48% (average 26%).
None reported sex-specific analyses or outcomes [58].
Guidelines overview
The American Heart Association and American College
of Cardiology elaborated an update in 2016 on PVD
guidelines. In 2017, the European Society of Cardiology
along with the European Society for Vascular Surgery,
issued comprehensive guidelines for the management of
PVD. Both guidelines emphasize the importance of lowering risk factors and optimizing medical management
with particular attention to smoking cessation, lipid,
blood pressure, and glucose control (class I).
Concerning diagnosis both societies recommend a resting ankle brachial index as a first line study (class I). The
US guidelines recommend targeted screening for individuals with one of the following criteria: age 9 65, age
50–64 with risk factors or family history of PVD, age G
50 with diabetes and one other additional risk factor, or
patients with other atherosclerotic vascular disease. Both
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guidelines recommend against ultrasound Doppler,
computed tomography angiography, Magnetic resonance angiography, or catheter-based angiography imaging for initial diagnosis.
As for medical treatment, both guidelines recommend antiplatelet therapy either aspirin or clopidogrel
in symptomatic PVD (class I); however, the European
guidelines prefer clopidogrel over aspirin (class IIb).
Cilostazol was favored by the US guidelines for reducing
symptoms during exercise [71], and categorized it as a
class I recommendation. In contrast, the European
guidelines reported limited effect and did not recommend cilostazol therapy. SEP therapy is a (class I)
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recommendation in both guidelines. Revascularization,
either endovascular or surgical bypass, for patients with
intermittent claudication, after failure of guideline directed medical therapy and exercise, is considered a class
IIa recommendation in both guidelines. The primary
difference between the two guidelines in revascularization lies in that the US guidelines emphasize postprocedure surveillance and wound care. On the other
hand, the European guidelines focus on revascularization strategies and contemporary therapies. An important limitation acknowledged by the European guidelines is that women were underrepresented in research
studies [72••, 73, 74••].
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