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6.1            Introduction 

 Cardiovascular disease (CVD) is the cause of death in nearly 
half of end-stage renal disease (ESRD) patients [ 1 ]. An indi-
vidual with ESRD has a CVD mortality rate 15 times that 
found in the general population. Moreover, CVD is the lead-
ing cause of death in patients with chronic kidney disease 
(CKD), and a patient even with early-stage CKD is fi ve to 
ten times more likely to die from a cardiovascular event than 
progress to ESRD [ 2 ]. As nephrologists we are aware of the 
importance of CVD risk factor detection and modifi cation. 
We are instructed by a multitude of guidelines to evaluate 
our ESRD and CKD patients for atherosclerotic coronary 
artery disease (CAD) with cardiologic referral, lipid man-
agement, and stress testing. 

 The prevalence of PAD increases signifi cantly with age 
and is high regardless of age in patients with diabetes or 
tobacco abuse [ 14 ]. Previous studies have shown that periph-
eral arterial disease (PAD) is associated with a signifi cantly 
elevated risk of cardiovascular disease morbidity and mor-
tality and is generally regarded as a CVD equivalent in terms 
of mortality risk [ 3 – 5 ]. Despite these facts, PAD remains 
underdiagnosed and undertreated [ 14 ]. Patients with PAD 
are often asymptomatic or present with atypical symptoms, 

and although the severe complications of PAD are  devastating 
and should be aggressively prevented, the benefi ts of detec-
tion and treatment of PAD beyond the recommended guide-
lines for its associated comorbid conditions remain somewhat 
uncertain. This may be especially true for the subset of CKD 
patients with PAD. The purpose of this chapter is to describe 
an approach to PAD screening in CKD patients.  

6.2     Pathophysiology of PAD 
in CKD Patients 

 The pathophysiology of vascular disease in the CKD popula-
tion differs from the nonrenal disease population. Vascular 
disease associated with traditional atherosclerotic disease 
risk factors such as diabetes, dyslipidemia, hypertension, 
tobacco abuse, and aging is characterized by intimal disease 
with lipid-rich plaques producing focal stenoses and the 
potential for plaque rupture and subsequent thrombosis. In 
CKD, on the other hand, plaques are characterized by intense 
medial calcifi cation, which tends toward chronic stenotic 
disease rather than acute plaque rupture [ 6 ]. Although medial 
calcifi cation does occur in the aging population, the form 
seen in the CKD population occurs at a much earlier age and 
with much greater severity [ 7 – 9 ]. 

 The most evident factors in the development of medial 
arterial calcifi cation are serum levels of calcium and phos-
phate. Relatively early in the progression of CKD, the kid-
neys retain phosphate. The tissue most exposed to the serum 
is the vascular endothelium. Recent epidemiologic data sug-
gest that there is a direct correlation between serum phosphate 
levels and all-cause and cardiovascular mortality in CKD and 
ESRD [ 10 ]. Vascular smooth muscle cells (VSMC) also 
appear central to the process of medial calcifi cation. Vascular 
smooth muscle cells may undergo trans- differentiation into 
phenotypically distinct cells that are capable of generating 
calcifi cation in the presence of infl ammation [ 11 ].  
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6.3     Epidemiology of PAD in CKD 
Population 

 Prior estimates of PAD prevalence in the USA have ranged 
from 3 to 30 % in US adult populations [ 12 – 15 ]. A study 
by Selvin et al. analyzed data from 2,174 participants 
aged 40 years and older from the 1999–2000 National 
Health and Nutrition Examination Survey [ 16 ]. PAD was 
defined as an ankle-brachial index less than 0.90 in either 
leg. The prevalence of PAD among adults aged 40 years 
and over in the USA was 4.3 %, which corresponds to 
approximately five million individuals. Among those 
aged 70 years or over, the prevalence was 14.5 %. Among 
the risk factors identified, CKD (OR 2.00, 95 % CI 1.08–
3.70) conferred a twofold increased risk of PAD. 
Interestingly, fibrinogen and C-reactive protein levels, 
which are known to be disproportionately elevated in 
CKD patients, are also associated with PAD [ 16 ]. In an 
updated analysis of NHANES including data from 1999 
to 2004, the estimated prevalence of PAD among US 
adults over 40 years of age was 5.9 %, or approximately 
7.1 million individuals. 

 Our understanding of PAD prevalence is further enhanced 
by two epidemiological studies in at-risk individuals fol-
lowed in community-based primary care practices. The 
peripheral arterial disease detection, awareness, and treat-
ment in primary care (PARTNERS) trial assessed the preva-
lence of PAD in 6,979 American adults aged 70 years and 
older and 50 years of age or older with diabetes or tobacco 
abuse [ 14 ]. PAD was defi ned by questionnaire and ankle- 
brachial index testing. The study found that 29 % of all 
patients had PAD based on an abnormal ABI (<0.9) but that 
only 9 % of these patients reported typical claudication 
symptoms [ 14 ]. The German epidemiological trial on ankle 
brachial index (GETABI) determined the prevalence of 
PAD in 6,821 German adults by practitioner history and 
ankle- brachial index testing. Unlike in PARTNERS, the 
only inclusion criterion in the GETABI trial was that 
patients were aged 65 years and older. The study found that 
21 % of patients had either symptomatic or asymptomatic 
PAD (ABI <0.9). 

 Most studies of cardiovascular disease in patients with 
CKD have not examined lower-extremity PAD per se [ 17 –
 19 ], despite exceedingly high amputation rates in this 
patient population [ 20 ]. A study by O’Hare et al. examined 
the cross-sectional association of PAD, defi ned as an ankle- 
brachial index (ABI) <0.9, and CKD stage 3–5, defi ned as 
an estimated creatinine clearance (CRCL) <60 mL per min, 
among 2,229 eligible participants in the National Health 
and Nutrition Examination Survey (NHANES) 1999–2000 
[ 22 ]. Univariate logistic regression analysis showed that 
compared with their counterparts with CKD stage 2 or 
higher kidney function, patients with moderate to severe 

CKD were at ninefold increased risk to have an ABI <0.9 
(versus an ABI of 1–1.3). The authors developed two mul-
tivariable models to adjust sequentially for demographic 
characteristics and comorbid conditions that might con-
found the association between renal insuffi ciency and ABI. 
After adjustment for age, gender, and race, moderate to 
severe CKD remained strongly associated with an ABI <0.9 
(OR 3.0, 95 % CI 1.7–5.3,  P  < 0.001). This association per-
sisted after further adjustment for comorbid conditions 
including diabetes, coronary artery disease, and history of 
stroke; measures of diabetes severity (glycosylated hemo-
globin, self-reported retinopathy, and insulin use); history 
of diagnosed hypertension; and measured blood pressure, 
total cholesterol, BMI, and smoking history. The authors 
concluded that clinicians should be aware of the remark-
ably high prevalence of PAD among patients with CKD. 
Moreover, they argued that accurate identifi cation of 
patients with CKD combined with routine ABI measure-
ment in this group would greatly enhance efforts to detect 
subclinical PAD. 

 Given the increased incidence of PAD in CKD, the K/
DOQI guidelines recommend screening all patients upon ini-
tiation of dialysis [ 21 ]. The K/DOQI guidelines, however, in 
this particular area, must be taken with caution given the 
weakness in evidence supporting them. In addition, the 
guidelines address only dialysis patients and do not make 
specifi c recommendations for those with CKD. The issue is 
further complicated by the fact that there is no consensus 
regarding optimal treatment strategies. The issues regarding 
cardiovascular mortality, lower limb mortality, patient’s 
functional status, and candidacy for available medical and 
interventional therapies must be weighed when making the 
decision to screen for PAD in CKD. Put simply, patients with 
CKD and ESRD may not be candidates for revasculariza-
tion, which would be an argument against screening in these 
situations in the fi rst place. 

 Therefore, before screening methods are discussed, it is 
important to determine risk factors for the presence of PAD. 
Data from waves 1, 3, and 4 of the US Renal Data System 
Dialysis Morbidity and Mortality Study were used to exam-
ine cross-sectional associations of a range of conventional 
cardiovascular risk factors and uremia- or dialysis-related 
variables with PAD in a recent study [ 22 ]. PAD was posi-
tively associated with the duration of dialysis (vintage) and 
malnourished status and was negatively associated with 
serum albumin and parathyroid hormone levels and predi-
alysis diastolic BP. Kt/V was negatively associated with 
PVD in waves 3 and 4 but not in wave 1. PAD was associ-
ated with increasing age, white (versus nonwhite) race, male 
gender, diabetes mellitus, coronary artery disease, cerebro-
vascular disease, smoking, and left ventricular hypertrophy, 
as for the general population, but not with hypertension or 
hyperlipidemia [ 23 ].  

A.S. Yevzlin and P.J. Mason



37

6.4     Noninvasive Screening Methods 

6.4.1     Physical Exam and History 

 Diagnosis begins with a detailed medical history and exam in 
patients who are at risk for PAD, which in our patient popula-
tion includes all CKD stage 3–5 patients. The medical history 
should focus on symptoms of claudication, rest pain, impaired 
ability to walk, and nonhealing lower-extremity ulcerations. 
Claudication, the symptom classically associated with PAD, 
usually presents as reproducible muscle pain that occurs with 
activity and improves with rest. It results from a mismatch 
between oxygen supply to and demand of muscle group dur-
ing exercise. Conditions other than lower- extremity athero-
sclerosis can result in claudication-like symptoms, such as 
compartment syndromes, deep venous thrombosis, and spi-
nal stenosis. Therefore, an astute clinician should distinguish 
between these various diagnoses, looking for signs of trauma, 
edema, or back problems in addition to PAD. Although clau-
dication is classically associated with PAD, most patients (up 
to 90 %) are asymptomatic or present with atypical leg symp-
toms    [ 14 ,  24 ]. At more advanced stages, PAD may manifest 
as rest pain, nonhealing leg ulcers, or gangrene. Physical 
examination should focus on skin integrity (e.g., hair loss, 
presence of wounds or ulcers) and assessment of peripheral 
pulses with accurate documentation of all pulses at each visit. 
Diminished bilateral peripheral pulses, femoral bruits, and 
prolonged capillary refi ll are very specifi c for PAD [ 25 ,  26 ].  

6.4.2     Noninvasive Testing 

 The ankle-brachial BP index is a simple, noninvasive, and 
reliable test for the detection of PAD and assessment of its 
severity. Clinical guidelines for PAD recommend ABI as a 
screening test for asymptomatic PAD of the lower extremities 
[ 27 ,  28 ]. ABI has also been reported to correlate well with 
PAD severity and angiographic fi ndings [ 29 ]. One method of 
measurement uses a 10–12 cm sphygmomanometer cuff 
placed just above the ankle and a Doppler instrument used to 
measure the systolic pressure of the posterior tibial and dor-
salis pedis arteries of each leg (Fig.  6.1 ). These pressures are 
then divided by the higher brachial pressure of either arm to 
form the ankle-brachial ratio or “index.” A reduced ABI in 
symptomatic patients confi rms the existence of hemodynam-
ically signifi cant occlusive disease between the heart and the 
ankle, with a lower ABI (<0.9) indicating a greater degree of 
hemodynamic signifi cance of the occlusive disease. The 
reproducibility of the ABI varies in the  literature, but it is 
signifi cant enough that reporting standards require a change 
of 0.15 in an isolated measurement for it to be considered 
clinically relevant or >0.10 if associated with a change in 
clinical status. The typical cutoff point for diagnosing PAD is 

≤0.90 at rest. However, patients with borderline reduced val-
ues (0.9–1.0) are also at increased risk of adverse cardiovas-
cular events and mortality and should be considered for 
further testing and/or treatment.

   In patients with PAD who do not have classic claudication 
(asymptomatic patients), a reduced ABI is highly associated 
with cardiovascular events [ 30 ]. This risk is related to the 
degree of reduction of the ABI (lower ABI predicts higher 
risk) and is independent of other standard risk factors. The 
purpose of screening asymptomatic patients in the general 
population is to attempt to modify their CVD risk by pre-
scribing aspirin, lipid medications, diet, etc., if they are dis-
covered to have PAD. For this reason, ABI testing is 
recommended in a variety of “at-risk” patient subgroups fre-
quent to primary care practices (Table  6.1 ) [ 31 ]. In CKD 
patients, the presence of CKD alone is an independent risk 
factor for CVD. Thus, by virtue of CKD alone, independent 
of PAD diagnosis, patients should be treated with an aggres-
sive CVD risk reduction regimen. For this reason, screening 
of asymptomatic CKD patients for PAD is not recommended 
(Tables  6.1  and  6.2 ). For a detailed algorithmic approach to 
PAD screening in the CKD population, see Fig.  6.2 .

c d

a b

  Fig. 6.1    ABI methodology.  Right ABI  right ankle systolic BP ( a )/
higher upper extremity systolic BP (left ( c ) or right ( d )).  Left ABI  left 
ankle systolic BP ( b )/higher upper extremity systolic BP (left ( c ) or 
right ( d ))       
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     However, ABI has been suggested to be unsuitable for 
assessing PAD in patients with diabetes, older age, history 
of intervention for PAD, or advanced chronic kidney dis-
ease (CKD) [ 18 ,  32 ,  33 ]. In particular, increased arterial 
stiffness might interfere with ABI measurements and affect 
the sensitivity of ABI for detecting PAD among dialysis 
patients. These patients typically have an ABI >1.40. 

In some of these patients, the Doppler signal at the ankle 
cannot be obliterated even at cuff pressures above 
300 mmHg [ 31 ]. In these patients additional noninvasive 
diagnostic testing should be performed to evaluate the 
patient for PAD (Fig.  6.2 ). 

 In an attempt to establish a screening test for PAD that 
has sufficient diagnostic value and is safe and inexpen-

    Table 6.1    Recommendations    for ankle-brachial index (ABI) screening to detect PAD in the general population and in CKD population   

 An ABI should be measured in a non-CKD patient:  An ABI should be measured in a CKD patient: 
  All patients who have exertional leg symptoms   All patients who have exertional leg symptoms 
   All patients between the age of 50 and 69 and who have a cardiovascular risk 

factor (particularly diabetes or smoking) 
  All patients age ≥70 years regardless of risk factor status 
  All patients with a Framingham risk score 10–20 % 

   Table 6.2    The value of a reduced ABI in the general population differs from that in CKD population   

 General population  CKD 

 Confi rms the diagnosis of PAD  Confi rms the diagnosis of PAD 
 Detects signifi cant PAD in (sedentary) asymptomatic patients  Used in the differential diagnosis of leg symptoms to 

identify a vascular etiology 
 Used in the differential diagnosis of leg symptoms to identify a vascular etiology  Identifi es patients with reduced limb function 

(inability to walk defi ned distances or at usual walking 
speed) 

 Identifi es patients with reduced limb function (inability to walk defi ned 
distances or at usual walking speed) 
 Provides key information on long-term prognosis, with an ABI ≤0.90 associated 
with a three- to sixfold increased risk of cardiovascular mortality 
 Provides further risk stratifi cation, with a lower ABI indicating worse prognosis 
 Highly associated with coronary and cerebral artery disease 
 Can be used for further risk stratifi cation in patients with a Framingham risk 
score between 10 and 20 % 

Peripheral
intervention

CKD 3–5
patient PAD
screening

Assymptomatic

RF modification

ABI .9–1.4ABI>1.4ABI<.9

No
PAD

PAD

ESRD

Invasive
diagnostics

Non–invasive
testing

Response to
treatment

No response
to treatment

Medical
treatment

Symptoms
or signs
consistent
with Dx of
PAD

CKD 3–4

NegativePositive WFV,US,
exercise
stress

Bicarb,
mucomyst, stop
Ace-i

  Fig. 6.2    Diagnostic approach to 
the CKD patient with suspected 
PAD. Patients with symptoms and 
borderline reduced ABI (0.9–1.0) 
values should be considered for 
additional testing (e.g., exercise 
ABI/PVR, CTA/MRA, or arterial 
duplex). Hemodynamically 
signifi cant infl ow (e.g., aortoiliac) 
disease may not cause a 
signifi cant resting pressure 
gradient but will cause symptoms 
and can be detected with a 
postexercise ABI or vascular 
imaging study. Patients with 
borderline reduced ABI (0.9–1.0) 
regardless of symptoms are 
known to be at increased risk of 
all-cause mortality and CVD 
morbidity and mortality and 
should also be targeted for 
aggressive risk factor modifi cation       
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sive, Ogata et al. attempted to use duplex ultrasound [ 34 ]. 
Of the 315 patients evaluated in their study, 23.8 % had 
PAD. The receiver operating characteristic analysis (area 
under the receiver operating characteristic curve = 0.846) 
showed that sensitivity and specificity of ABI values for 
PAD were 49.0 and 94.8 %, respectively. As a result of the 
limitations of ABI and ultrasonographic studies in PAD 
screening, alternative diagnostic strategies have been 
employed, including magnetic resonance (MR) angiogra-
phy and computed tomographic (CT) angiography. While 
both of these modalities have been shown to be reliably 
accurate in providing information regarding the presence 
and extent of vascular disease, they are not without limi-
tations. Alternative tests include toe systolic pressures, 
pulse volume recordings, transcutaneous oxygen mea-
surements, or vascular imaging (most commonly with 
duplex ultrasound).  

6.4.3     Invasive Testing 

 Unfortunately, CT and MR, once thought to be noninvasive 
in nature due to their safety profi le, are fraught with potential 
problems for the CKD population. CT uses ionizing radia-
tion and requires the use of iodinated contrast, which is 
nephrotoxic and could potentially exacerbate CKD. Contrast 
MR angiography of the lower extremities is a highly accu-
rate modality, which does not utilize ionizing radiation or 
iodinated contrast. The emergence of nephrogenic systemic 
fi brosis (NSF) as a complication of gadolinium use in 
patients with compromised renal failure has limited the con-
tinued use of MRA in the CKD population [ 35 ]. 

 As a result, conventional angiography remains the gold 
standard for diagnosis of PAD in CKD patients with mul-
tiple risk factors. Angiography is a highly accurate method 
for evaluation of PAD. Although invasive, it offers the dis-
tinct advantage of allowing for treatment with percutaneous 
transluminal angioplasty (PTA) or stenting of signifi cant 
lesions discovered at the time of assessment. The disad-
vantages of angiography include the use of iodinated con-
trast and ionizing radiation, relative cost, need for patient 
sedation and monitoring, and the potential occurrence of 
associated complications. The potential complications of 
arterial angiography include bleeding, infection, and vascu-
lar injury. Patients with CKD not yet on dialysis, and even 
those on dialysis in whom residual renal function is an issue, 
may not be able to safely undergo conventional angiogra-
phy. However, the use of various preparatory methods prior 
to angiography seems to diminish the risk of acute kidney 
injury in the setting of CKD [ 36 ]. Furthermore, contrast dose 
can be very strictly managed in these patients by a careful 
and deliberate approach to diagnostic evaluation in the CKD 
population (Fig.  6.2 ).   

    Conclusion 

 PAD is a problem that affects CKD patients out of propor-
tion to the general population and mirrors CVD outcomes 
very closely. Unlike the general population, PAD in CKD 
occurs in association with traditional atherosclerotic dis-
ease risk factors and in combination with the process of 
medial calcifi cation. Screening for PAD should be per-
formed in  symptomatic patients, and CVD risk factor 
modifi cation should occur in all CKD patients, regardless 
of the presence of PAD.     
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