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Disease Burden

Peripheral arterial disease (PAD) has been described as the
“global pandemic” of our time [1]. In comparison to the 30
million individuals living with HIV, peripheral arterial dis-
ease far outnumbers many other chronic diseases. Studies
comparing the trend of peripheral arterial disease prevalence
have revealed that approximately 200 million individuals
were living with peripheral arterial disease in the year 2010.
This indicates a dramatic rise in prevalence, with an addi-
tional 40 million individuals compared to the year 2000
when the prevalence was estimated to be around 160 million
[2]. In the United States, conservative estimates place the
figure in the range of at least 8–10 million individuals suf-
fering from peripheral arterial disease [3, 4].

The reasons for increasing prevalence of peripheral
arterial disease can be explained by the alarming rise of other
conditions such as hypertension, diabetes and hypercholes-
terolemia [2]. Peripheral arterial disease was traditionally
believed to be more common in men when compared to
women. However, recent studies show that the prevalence of
PAD in men and women is almost equal in the high income
regions of the world, and the prevalence is higher in women
compared to men in the low and mid income regions [2].
Other studies have showed a similar prevalence between
men and women in the US [5]. The prevalence of peripheral
arterial disease also rises with increasing age. While the
prevalence is roughly around 4% for individuals older than

40 years, it sharply increases to 15% for individuals over
70 years of age [6]. The American College of Cardiology
and the American Heart Association recommends the use of
an Ankle brachial index (ABI) as the diagnostic test of
choice for evaluating lower extremity peripheral arterial
disease. An ABI of 1 is considered normal and an ABI of
less than 0.9 is considered abnormal. When the ABI is
abnormally high (greater than 1.4) (such as in CKD) it is
recommended to use the Toe Brachial index (TBI) to
establish the diagnosis in individuals with high clinical
suspicion [7].

Chronic kidney disease (CKD) is defined by the National
Kidney Foundation as a glomerular filtration rate (GFR) of
less than 60 ml/min per 1.73 m2 for greater than 3 months.
CKD is listed by the Centers for Disease Control (CDC) as
one of the most prevalent chronic illnesses, with one in seven
adults living in the United States with some degree of CKD [8,
9]. CKD is closely intertwined with PAD, with individuals
with kidney disease being twice as likely to have peripheral
arterial disease compared with those preserved kidney func-
tion. In addition, there is a linear relationship between the
severity of CKD and the severity of peripheral arterial disease.
The National Health and Nutrition Examination survey esti-
mates at least 1 million individuals above the age of 40 with
even mild to moderate CKD suffer from peripheral arterial
disease defined as Ankle Brachial Index (ABI) less than 0.9
[10]. CKD is also associated with abnormally high ABIs, in
particular ABIs greater than 1.4 which inherently is a marker
for arterial stiffening and or calcification [11]. When the ABI
is abnormally high (greater than 1.4), it is recommended to use
the Toe Brachial index (TBI) to establish the diagnosis in
individuals with high clinical suspicion [12]. In those indi-
viduals who have end stage kidney disease (ESKD), as many
as 20–30% have coexistent peripheral arterial disease [13].
The other risk factors strongly associated with peripheral
arterial disease include the traditional cardiovascular risk
factors namely hypertension, smoking, hypercholesterolemia
and diabetes [6].
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The disease burden estimated for peripheral arterial dis-
ease, albeit staggering, may still not represent the true
prevalence, since many of the studies did not utilize toe
brachial index or duplex ultrasound in addition to ABI to
detect peripheral arterial disease [1]. In addition many other
forms of peripheral arterial disease go misdiagnosed or
remain under diagnosed. The prevalence of renal artery
disease ranges from 20 to 60% in individuals diagnosed with
PAD, whereas literature on mesenteric artery disease is lar-
gely lacking [8]. The prevalence of abdominal aortic
aneurysms � 3 cm in diameter is approximately 3–4% [14].

Impact of PAD and CKD

Peripheral arterial disease is associated independently with
increased mortality [15–17]. Patients with peripheral arterial
disease have increased risk of cardiac events during the
course of their life [18–20]. There is also a trend towards
increased occurrence of stroke and cerebrovascular events in
the PAD patient population [21]. Patients with PAD are
plagued by lower quality of life and limited mobility [22].
Similarly, CKD currently ranks among the top 10 causes of
mortality in the United States and is an important cause of
disability and years lost to life [23].

From a health care economic perspective, analysis of
Medicare data in the United States reveals that roughly 7%
of the beneficiaries were treated for PAD. The average
spending per person with PAD was close to $2000 dollars
per year. The overall cost of managing PAD based on just
the Medicare data from 2001 was roughly around 4.4 billion
dollars [24]. This compounds the fact that the expenditure
for management of all forms of CKD including ESKD was
an astounding 87 billion dollars in 2012 [25].

Clinical Presentation and Management of PAD

Aorto Iliac Disease

Clinical Presentation
Aortoiliac disease can result in buttock claudication,
infra-inguinal claudication symptoms of thighs and or calves
and vasculogenic erectile dysfunction. Aortoiliac disease can
worsen other coexisting lower extremity arterial disease by
decreasing arterial inflow.

Non-interventional Management
Smoking cessation is universally recommended. Control of
risk factors like hypertension and diabetes along with exer-
cise forms the cornerstone of non-interventional manage-
ment [26]. Interestingly supervised exercise has been shown
to be superior to medical therapy alone [27].

Once symptomatic aorto iliac peripheral arterial disease is
identified, medical therapy with low dose aspirin should be
initiated [24]. In addition, symptomatic peripheral arterial
disease of any bed would be considered as clinically sig-
nificant atherosclerotic cardiovascular disease. Hence dys-
lipidemia in this setting should be managed with high dose
statin therapy according to the most recent American Col-
lege of Cardiology cholesterol guidelines [28]. In cases of
aspirin intolerance, clopidogrel 75 mg a day is an alternative
[24].

Interventional Management
The Trans-Atlantic Inter Society consensus (TASC) group
categorizes aorto-iliac and femoral popliteal lesions into A,
B, C and D based on anatomy and lesion complexity [24].
(Table 32.1)

For TASC A aorto iliac lesions, endovascular therapy is
the treatment of choice. For type B and C lesions endovas-
cular therapy is the preferred option. Surgery can be an
alternative in a suitable risk patient [24]. In patients with
TASC D lesions, surgery has been the gold standard but
percutaneous strategies are now equivalent [29].

Surgical techniques for aorto-iliac disease include
aorto-iliac thromboendarterectomy, aorto bifemoral bypass
surgery and extra anatomic bypass surgery. Extra anatomic
bypass surgery includes axillo-femoral and femorofemoral
techniques. Extra anatomic bypass has the advantage of
avoiding an open abdominal procedure and thereby the
morbidity associated with it however long term patency rates
are lower compared with the other approaches [27].

Endovascular therapy with angioplasty and stents has
comparable outcomes to surgical techniques with less mor-
bidity and mortality. Stents for aorto-iliac lesions can be
self-expandable, balloon expandable or covered stents
(stents that are covered with materials such as polyte-
trafluoroethylene PTFE, Goretex etc.). Calcified focal
lesions commonly seen in CKD requiring higher radial force
are better managed by balloon expandable stents whereas
larger diameter lesions are better served with
self-expandable stents. For aorto-iliac disease in general,
covered stents are used in situations where rupture of the
vessel is likely (neocarinal formation, calcified lesions and
aneurysmal lesions). Primary patency rates for stents in the
aortoiliac location are very promising with 1 and 4 year rates
approaching 100 and 80% respectively. Also, covered
stenting of the iliac artery has specifically shown to decrease
the need for repeat interventions. For bifurcation aortic
disease involving aorta and the iliacs, the preferred technique
is by way of “aorto-iliac” kissing stents [26].

Intravascular ultrasound (IVUS) has been used as an
alternative to contrast angiography in endovascular aortic
repair with comparable outcomes without the risk of com-
promising renal function [30, 31]. More recently intracardiac
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echocardiography (ICE) catheter which is used for intrac-
ardiac imaging has been used similar to IVUS in endovas-
cular repair of abdominal aortic aneurysm. ICE catheter use
is associated with minimal or no use of contrast in the
patients who underwent the procedure [32]. Whether used
solely or in conjunction with contrast angiography these are
valuable tools in reducing the need for iodinated contrast in
patients with CKD or those who are intolerant to iodinated
contrast media.

Infrainguinal Peripheral Arterial Disease

Clinical Presentation
Symptomatic infra inguinal peripheral arterial disease man-
ifests as claudication of the thighs, calves, non-healing ulcers
of lower leg following trauma and critical limb ischemia.
Critical limb ischemia is defined as chronic rest pain, ulcers,
gangrene that is attributable to arterial occlusive disease.

Non Interventional Management
For both asymptomatic and symptomatic lower extremity
PAD, smoking cessation is universally recommended.
Supervised exercise programs consisting of at least 30 min
of walking, at least 3 times a week lasting at least for
12 weeks is a Class I recommendation for patients with
claudication symptoms. For those individuals who are
unable to participate in a supervised program, a home based
program can be a suitable alternative. For symptomatic
PAD, low dose aspirin and statin therapy in addition to
aggressive management of risk factors like hypertension,
diabetes, dyslipidemia is recommended [26].

In situations where aspirin is not tolerated, clopidogrel
75 mg once a day is an alternative [33]. For patients with
intermittent claudication and without any contraindications,
a trial of oral cilostazol 100 mg twice daily is recommended.
In those patients who cannot tolerate cilostazol, a trial of oral
pentoxifylline 400 mg three times daily is recommended
[26].

Table 32.1 Trans-Atlantic Inter
Societal Consensus (TASC)
classification of aorto-iliac and
femoral popliteal lesions

Aorto-iliac lesions Femoral popliteal

TASC A Unilateral or bilateral stenoses of CIA
Unilateral or bilateral single short (� 3 cm)
stenosis of EIA

Single stenosis � 10 cm in length
Single occlusion � 5 cm in length

TASC B Short (� 3 cm) stenosis of infrarenal aorta
Unilateral CIA occlusion
Single or multiple stenosis totaling 3–10 cm
involving the EIA not extending into the CFA
Unilateral EIA occlusion not involving the
origins of internal iliac or CFA

Multiple lesions (stenoses or occlusions) each
� 5 cm
Single stenosis or occlusion � 15 cm not
involving the infra geniculate popliteal artery
Single or multiple lesions in the absence of
continuous tibial vessels to improve inflow
for a distal bypass
Heavily calcified occlusion � 5 cm in length
Single popliteal stenosis

TASC C Bilateral CIA occlusions
Bilateral EIA stenoses 3–10 cm long not
extending into the CFA Unilateral EIA
stenosis extending into the CFA
Unilateral EIA occlusion that involves the
origins of internal iliac and/or CFA
Heavily calcified unilateral EIA occlusion
with or without involvement of origins of
internal iliac and/or CFA

Multiple stenoses or occlusions totaling
� 15 cm with or without heavy calcification
Recurrent stenoses or occlusions that need
treatment after two endovascular
interventions

TASC D Infra-renal aortoiliac occlusion
Diffuse disease involving the aorta and both
iliac arteries requiring treatment
Diffuse multiple stenoses involving the
unilateral CIA, EIA and CFA
Unilateral occlusions of both CIA and EIA
Bilateral occlusions of EIA
Iliac stenoses in patients with AAA requiring
treatment and not amenable to endograft
placement or other lesions requiring open
aortic or iliac surgery

Chronic total occlusions of CFA or SFA
(� 20 cm, involving the popliteal artery)
Chronic total occlusion of popliteal artery and
proximal trifurcation vessels

CIA Common Iliac Artery, EIA External Iliac Artery, CFA Common Femoral Artery, AAA Abdominal Aortic
Aneurysm, SFA Superficial Femoral Artery

32 Peripheral Arterial Disease in CKD … 339



Interventional Management
For individuals with ongoing lifestyle limiting symptomatic
lower extremity peripheral arterial disease who have failed
all non-interventional measures, surgical revascularization or
endovascular therapy is recommended [26].

For TASC A femoral popliteal lesions, endovascular
therapy is the treatment of choice. For TASC B and C
lesions, endovascular therapy is the preferred modality with
surgery being an option if the surgical risk is good [24].
For TASC D lesions surgery has historically been the
treatment of choice, but with improved equipment and
procedural technique, this is more equivocal [27].
Endovascular strategy includes plain balloon angioplasty,
bare metal stents, PTFE covered stents and drug-coated
stents [27]. Finally drug coated balloons are emerging as a
superior alternative to plain balloon angioplasty [34].

For infrapopliteal disease, revascularization is recom-
mended primarily where there is critical limb ischemia.
Surgical techniques are available with autologous venous
conduits from femoral or popliteal to the pedal or tibial
arteries. Synthetic grafts are only a second choice if autol-
ogous veins are not available since veins offer higher
patency rates compared with synthetic material [26].
Endovascular therapy for infra popliteal lesions primarily
involves use of balloon angioplasty with bare metal stents
being used as bailout if necessary. Paclitaxel coated balloon
angioplasty has showed promise in infra popliteal disease by
significantly decreasing rates of restenosis and amputation
[35, 36]. Small series of drug coated coronary stents have
also showed promise, but would require more robust studies
to validate. Notably, limb salvage rates for endovascular
therapy and surgery for infra popliteal disease are compa-
rable (80–85%) [37].

For patients with infra inguinal peripheral arterial dis-
ease and CKD requiring percutaneous interventions, carbon
dioxide angiography is an alternative to iodinated contrast
angiography [38]. The use of carbon dioxide has been
studied as a sole agent or supplementary agent along with
iodinated contrast in individuals with CKD. Carbon diox-
ide angiography has proven to reduce the amount of con-
trast exposure, radiation time while preserving renal
function [39, 40].

Extra Cranial Carotid Artery Disease

Clinical Presentation
Extracranial carotid artery disease is responsible for 15% of
ischemic strokes. Symptomatic or clinically significant car-
otid artery disease is defined as focal disease associated with
stroke, transient ischemic attacks (TIA) or transient
mono-ocular blindness (amaurosis fugax) [28].

Non Interventional Management
Medical therapy for symptomatic extracranial carotid artery
disease is similar to management of PAD in other arterial
beds and involves management of risk factors namely,
hypertension, diabetes, smoking cessation, statin therapy.
Aspirin, clopidogrel or the combination of
aspirin-dipyridamole is recommended for individuals who
have symptomatic disease [28].

Interventional Management
Carotid artery endarterectomy is recommended in individu-
als with extra cranial carotid artery stenosis greater than 70%
by non-invasive imaging or greater than 50% by catheter
angiography who have experienced non disabling stroke,
TIA or amaurosis fugax and who are at low to average risk
for surgical complications. Similarly, carotid artery stenting
can be considered in the above situation if the risk of
stenting is low to average [28]. In patients with stroke or a
TIA carotid artery revascularization with either stenting or
surgery can be performed within 2 weeks of the index
clinical event [28].

In the asymptomatic individual with carotid artery
stenosis greater than 70%, recent data from ACT-1 [41] and
CREST [42] showed that outside the peri-operative period,
there was no difference in the rate of ipsilateral late stroke
after endarterectomy or stenting. This however does not help
resolve the vexing question of how best to treat the
asymptomatic patient, especially in centers with less
angiographer experience. It is hoped that with Carotid
Revascularization and Medical Management for Asymp-
tomatic Carotid Stenosis Trial (CREST-2), data will emerge
on outcomes with both interventions as well as optimal
medical management.

Carotid artery revascularization is not recommended
when the stenosis is less than 50% or if the artery is known
to be chronically occluded [28].

Vertebral Artery Disease

Clinical Presentation
Vertebral artery disease results in symptoms related to the
posterior circulation (dizziness, vertigo, diplopia, perioral
numbness, blurred vision, tinnitus, ataxia, bilateral sensory
deficits, and syncope). Vertebral artery disease is estimated
to be responsible for roughly 20% of posterior circulation
strokes [28].

Non Interventional Management
Non interventional management is similar to extracranial
carotid artery disease which involves management of vas-
cular risk factors, anti-platelet therapy and statin.
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Interventional Management
Asymptomatic vertebral artery disease does not require any
interventions. Even when vertebral artery disease is identi-
fied, interventions are not commonly done due to the pres-
ence of 2 vertebral arteries and most patients remain
asymptomatic and unrecognized [43]. Compounding the
above factors is the paucity on data on the subject. Surgical
correction of vertebral artery disease or angioplasty is rarely
performed. There is also a paucity of data on the subject [44].

Peripheral Arterial Disease Outcomes
in the CKD Population

As mentioned previously, PAD is associated with an
increased risk of future major adverse cardiac events and
mortality (Fig. 32.1) [13–19].

Even in asymptomatic individuals with abnormal ABIs,
the relative risk of 10-year all-cause mortality has been
shown to be twice as high and cardiac mortality, four times
as high compared with individuals with normal ABIs [45].
Patients with stable peripheral arterial disease also have a
high incidence of acute limb ischemia and acute visceral
ischemia defined as arterial events of less than 2-week
duration resulting in symptoms. The prognosis after acute
peripheral vascular events is very poor with significantly
high disability and mortality (about 70%) at 1 and (90%) at
5 years [46]. Individuals with CKD frequently have more

severe grades of peripheral arterial disease. CKD as a risk
factor on its own increases the chance of future cardiovas-
cular outcomes and worse mortality. There is a linear rela-
tionship between the severity of CKD measured by decline
in GFR and the risk of death or cardiovascular event [47].
This is shown in Table 32.2.

CKD also doubles the lower extremity amputation rate in
PAD patients compared to those without it. Co existent CKD
tends to increase the propensity for hospital acquired infec-
tions and patients with CKD and PAD are twice as likely to
have sepsis [48]. Chronic kidney disease greatly affects
outcomes in peripheral arterial disease (Table 32.3). In
patients with lower extremity arterial disease, death rates are
roughly 3–5 times higher compared with people with normal
renal function [51]. The presence of both CKD and PAD
increases mortality to a greater degree than the presence of
either one alone (Fig. 32.2) [52].

Repair and treatment of peripheral arterial disease is also
complicated by the presence of CKD. In the case of
peripheral lower extremity interventions, the presence of
CKD increased the likelihood of requiring interventions for
multiple vessels. The presence of severe CKD increased the
likelihood of death or amputation at 30 days by three times.
Also severe CKD increased the risk of requiring repeat
intervention in infra inguinal arteries with previous angio-
plasty [53]. In individuals undergoing aorto iliac stenting
however, there has not been conclusive data to show that
CKD decreases stent patency or increases repeat

Fig. 32.1 Association of
adverse outcomes with the
presence of both chronic kidney
disease and peripheral vascular
disease
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interventions [54]. In individuals undergoing lower extrem-
ity bypass surgery as a means of revascularization, severe
CKD worsens mortality and amputation free survival [55].

In the case of abdominal aortic aneurysms, the risk of
complications and cardiovascular events associated with
open or endovascular repair rise in proportion to the severity
of CKD. (Refer to Table 32.4) The 30-day mortality is twice
as high in individuals with severe CKD (6 vs. 3%;
P = 0.0081) compared with milder disease [56, 57] and
patients with severe CKD who underwent open repair of
AAA had a 30-day mortality rate of 10% and a 40% rate of

any complication [43]. While it is clear that acutely there is
an increased association of morbidity and mortality in
individuals undergoing surgical repair of abdominal and
infra inguinal arterial disease, data specifically on graft
patency rates in this population is still unclear.

Similar to other peripheral disease in other arterial beds,
carotid artery disease in conjunction with CKD appears to
fare worse (Table 32.5). The impact of CKD on patients
undergoing carotid interventions has been examined. In
more than 20,000 patients undergoing carotid endarterec-
tomy, moderate CKD (GFR 30–60 ml/min/1.73 m2)
increased the risk of cardiac events (1.7 vs. 0.9% for con-
trols, P < 0.001) and pulmonary complications (2.1 vs. 1.3%
control; P < 0.001) without an increase in mortality. How-
ever, severe CKD (GFR less than 30 ml/min/1.73 m2) had a
significantly increased mortality (3.1 vs. 1.0% control,
P < 0.001) [59]. GFR less than 60 ml/min/1.73 m2 has also
been identified as a risk factor for poor 5-year survival in
individuals undergoing carotid endarterectomy for asymp-
tomatic carotid artery disease [60]. The trend appears to be
the same in patients undergoing carotid artery stenting.
There does not appear to be a significant difference in
mortality in individuals with moderate CKD (GFR 30–
60 ml/min/1.73 m2) compared with those having GFR
greater than 60 ml/min/1.73 m2. However, once GFR
declines to the range of severe CKD, the 30-day mortality
climbs up to roughly 5 times. (0.66% normal renal function,
1.15% moderate renal insufficiency, and 5.45% severe renal
insufficiency; P = 0.005) [61]

Table 32.2 Showing adjusted
hazard ratio for any
cardiovascular even and all cause
mortality among 1,120,295
ambulatory adults stratified by
estimated GFR

Estimated GFR in ml/min/1.73 m2 Cardiovascular event All cause mortality

� 60 1.00 1.00

45–59 1.4 1.2

30–44 2.0 1.8

15—29 2.8 3.2

<15 3.4 5.9

The group with GFR � 60 served as the reference group
Adapted with permission from Ref. [47]

Table 32.3 Pad outcomes stratified by stages of CKD

Study Outcome GFR
estimation

CKD stratification Length of
follow up

P value

eGFR > 90 eGFR 60–
89

eGFR 30–
59

eGFR < 30

Lacroix
et al. [49]

Amputation MDRD 53/219
(24.2%)

80/344
(23.3%)

98/325
(30.1%)

52/122
(42.6%)

1 year 0.0003

Lacroix
et al. [48]

Mortality MDRD 35/219
(16.0%)

62/344
(18.0%)

103/325
(31.7%)

54 (44.3%) 1 year <0.0001

Otte et al.
[50]

Foot ulceration rate per 1000
patients per year

MDRD 29 98 0.02

MDRD Modified Diet and Renal Disease, eGFR estimated Glomerular Filtration Rate

Fig. 32.2 Kaplan–Meier plot of survival probability over time strat-
ified by presence or absence of CKD and PAD. CKD Chronic Kidney
disease, PAD Peripheral arterial disease. Log-rank test for overall
difference P < 0.0001 (With permission from Ref. [52])
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Conclusion
The management of PAD and CKD both independently
and together is an arduous task. CKD increases the
chance of adverse cardiovascular and cerebrovascular
outcomes. It also increases the risk of interventional
strategies currently available. Clinicians need to be cog-
nizant of this so as to provide optimal management
strategies to patients and also to avoid the burden of cost
that these two conditions impale on the healthcare sys-
tem. Hence management of these conditions requires a
thorough understanding of their pathophysiology and
relationship. Management of these complex conditions
will require a multi-disciplinary team approach involving
cardiologists, nephrologists, vascular surgeons, podia-
trists, and wound care experts to integrate all aspects of
care in these complex patients.
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