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Abstract
Background: Peripheral arterial disease (PAD) has much impact on mortality in hemodialysis (HD) patients. Anklebrachial index (ABI) and skin perfusion pressure (SPP) are useful tools to detect PAD in HD patients. However, the
prevalence of PAD in incident HD patients by ABI and SPP measurement has not been fully elucidated.
Methods: We examined both ABI and SPP in 185 consecutive patients with end-stage renal failure at the initiation
of HD therapy. PAD was diagnosed by previous history, clinical symptoms, histories of endovascular peripheral
intervention, bypass surgery, amputation due to PAD, and values of ABI and SPP. Cut-off value of ABI and SPP for
diagnosing PAD was set at < 0.9 and < 50 mmHg, respectively.
Results: The percentage of limbs with ABI < 0.9 and SPP value < 50 mmHg among total limbs were 10.8 and 21.
1%, respectively. Among 185 patients in incident HD patients, 45 patients were diagnosed as having PAD. ABI and
SPP positively correlated (r = 0.311, p = 0.006). However, discrepancy between ABI and SPP values (normal or high
ABI with low SPP, or low ABI with normal SPP) was also found. Among 45 incident HD patients with PAD, only 14
patients (31.1%) showed low ABI and low SPP values.
Conclusion: Measurement of both ABI and SPP might be necessary to improve the diagnostic accuracy of PAD.
Prevalence of PAD in incident HD patients was proved to be very high.
Keywords: Peripheral artery disease (PAD), Hemodialysis (HD), Skin perfusion pressure (SPP), Ankle-brachial pressure
index (ABI)

Background
Peripheral arterial disease (PAD) in lower extremities in
hemodialysis (HD) patients has much impact on prognosis. Amputation rate of lower limbs in HD patients is
reported to be 4.3/100 person year in USA [1]. Once
PAD worsens to severe disease state, critical limb ischemia (CLI) which necessitates major amputation of lower
limbs, the prognosis is severely poor, i.e., 1-year survival
rate 30–50% [2, 3] and 5-year survival rate 14.4% [3].
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Detecting early symptoms of PAD such as chillness and/
or claudication are sometimes difficult and un-reliable in
HD patients, and it is not unusual to find CLI as the first
apparent symptom of PAD. Therefore, early detection of
PAD would be extremely important to improve the
prognosis of HD patients.
Ankle-brachial pressure index (ABI) is a useful screening test for detecting PAD. ABI value less than 0.9 is
generally thought to have arterial stenosis or obstruction
in lower limbs. However, we have previously reported
that the sensitivity of ABI < 0.9 for detecting PAD in HD
patients was only 29.9% (specificity was 100%) [4].

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Ishioka et al. Renal Replacement Therapy (2018) 4:27

Accurate ABI values may not be obtained and pseudonormalize in cases of high arterial calcification or incompressible arteries [5]. In this regard, skin perfusion
pressure (SPP) might be a superior tool to ABI in order
to detect microcirculatory impairment more accurately.
SPP is also applicable to the patients with edema or severe blood vessel calcification cases as SPP detects circulation of the subcutaneous tissue, and SPP can detect
the limb ischemia more accurately [6–9]. SPP values less
than 50 mmHg could detect PAD in HD patients with
high sensitivity of 84.9% and high specificity of 78.6% as
we previously reported [4].
Most previous epidemiological reports concerning the
prevalence of PAD in HD patients depended on the ABI
value [4–6, 9–15], and reports concerning SPP as a diagnostic tool for PAD in HD patients are limited [4, 6, 7,
9, 16]. Furthermore, the prevalence of PAD at the initiation of HD therapy has not been so far elucidated.
Therefore, we examined ABI and SPP in 185 consecutive
incident HD patients to compare the results of two diagnostic methods, to evaluate the relationship between
ABI and SPP, and to clarify the prevalence of PAD at the
initiation of HD.

Methods
Patients

This study was performed in a single HD center in Shonan Kamakura General Hospital. Eligible subjects comprised all consecutive patients from December 2003 to
November 2008 who newly started HD in our hospital.
Patients who could not be evaluated by SPP due to involuntary movement were excluded. Patients who had history
of previous major amputation of lower legs were registered as a subject, although they did not have SPP data.
Clinical information about age; sex; smoking history; comorbidity including hypertension, diabetes mellitus, dyslipidemia, ischemic heart disease (IHD), and stroke; and
drug use including ARB, statin, medication of anti-platelet
drugs including cilostazol, aspirin, sarpogrelate, and prostaglandin I2 analogue was recorded by medical records
and interviews to the patients. Laboratory data including
hemoglobin, blood glucose, serum albumin, calcium,
phosphate, total cholesterol, triglyceride, high-density
lipoprotein, low-density lipoprotein, and C-reactive protein were evaluated using in-hospital laboratory in our
hospital. All patients gave informed consent, and local
ethical committee approved the study (ethical No.
TGE00797-024) and was performed in accordance with
the principles of the Declaration of Helsinki.
ABI/SPP

ABI was measured by ABI-form (Colin, Komaki, Japan) as
previously reported [4, 5]. ABI-form simultaneously measures unilateral branchial pressure in the arm without an
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arterio-venous fistula and ankle blood pressure by oscillometric method. ABI was calculated as the ratio of ankle
systolic pressure divided by brachial systolic pressure.
SPP was measured by using a Laser Dopp PV3000®
(Kaneka, Osaka, Japan) according to the method described
by Castronuovo et al. [17]. Briefly, the laser Doppler skin
perfusion pressure transducer consists of a laser Doppler
probe secured within the bladder of a blood pressure cuff
that contains a transparent polyvinylchloride window so
that microcirculatory perfusion measurements can be
made during cuff deflation. Two points were set to measure SPP in each patient, (a) a point between first and second metatarsal bones in instep and (b) a front middle
point in sole. After inflating the cuff pressure at first to
stop skin perfusion, then deflate the cuff pressure and
measure the point of cuff pressure when skin perfusion
restarted. SPP was expressed as pressure of restarting the
skin perfusion. Each patient had four SPP data, i.e., right
and left leg in instep and sole. SPP value less than
50 mmHg of at least one point among these 4 points was
necessary to diagnose PAD. Measurement of SPP was performed within 1 h after an HD session, and ABI test was
also performed on the same day after an HD session.
Validation of SPP measurement has been clearly reported [4]. We previously evaluated the diagnostic accuracy of ABI and SPP to detect PAD in HD patients using
contrast-enhanced computed tomography as standard
images. As a result, ABI value < 0.9 can detect PAD with
100% specificity and SPP value < 50 mmHg with specificity of 76.9%. Japanese Society for Dialysis Therapy Guideline suggested that ABI 1.0 might be used as cutoff value
to detect PAD in maintenance HD patients because of
high vascular calcification [18]. However, there is no evidence that ABI 1.0 could be also applied in incident HD
patients. Therefore, we used ABI cutoff value 0.9, cutoff
value in the general population and 100% specificity in
maintenance HD patients for PAD, in this study.
Definition of PAD

Patients were interviewed about symptoms of PAD including chillness, numbness, claudication, and resting
pain. Previous histories of intervention (percutaneous peripheral intervention or bypass surgery) or amputation due
to PAD were also recorded. All patients then underwent
physiological examination about skin color, warmth, pulse
exam of femoral artery, popliteal artery, dorsal artery, posterior tibial artery, and skin lesion including ulcers and
gangrenes. The symptomatic information, previous histories of intervention or amputation, and physiological examinations including ABI and SPP were used to assign a
limb ischemia. When patients filled at least one criteria
among (1) ABI < 0.9, (2) SPP < 50 mmHg, (3) apparent
previous history of intervention or amputation of lower
limbs due to PAD, and (4) apparent clinical symptoms
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including claudication, resting pain, or ulcer due to ischemia, they were defined as having PAD.
In patients who were diagnosed as having PAD, severity was categorized from Ito IV by Fontaine’s clinical
severity classification [19].
Statistical analysis

All data are expressed as mean ± SD. Unpaired t test or
Mann-Whitney U test were used for group comparisons.
Categorical data were analyzed by means of chi-square
test. Univariate analysis was performed using Spearman’s
rank correlation coefficient. Stepwise logistic regression
analysis was performed based on a forward-backward
procedure to define the independent variables related to
PAD. Statistical analyses were done using statistical software (JMP 10: SAS Institute, JAPAN, and SPSS 10.0
software: SPSS Inc., Chicago, IL, USA) for Windows personal computer.
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Table 1 Baseline characteristics
All patients (N = 185)
Age (years)

70 (61–78)

Male, n (%)

130 (70.2)

Hypertension, n (%)

148 (80.0)

Diabetes mellitus, n (%)

100 (54.1)

Dyslipidemia, n (%)

80 (43.2)

Ischemic heart disease, n (%)

74 (40.0)

Stroke, n (%)

27 (14.9)

ABI

1.18 (1.05–1.27)

SPP (mmHg)

73 (52–85)

Previous history of PAD, n (%)

13 (7.0)

Medications
Cilostazol, n (%)

11 (5.9)

Sarpogrelate, n (%)

1 (0.5)

Aspirin, n (%)

48 (25.9)

Prostaglandin analogue, n (%)

17 (9.2)

Patients

Ticlopidine, n (%)

18 (9.7)

There were 193 incident HD patients during 5-year study
period in HD center in our hospital. Among them, 8 patients (4.1%) had involuntary movement of the legs and
were excluded from this study due to inability to measure
SPP. As a result, 185 patients were finally evaluated. History of amputations of lower extremities due to PAD at
the start of HD was three patients in unilateral major amputation and one patient with minor amputation. There
was no patient with bilateral major amputation.
Table 1 shows the basic characteristics of 185 patients
(130 men, 55 women) with a median age of 70 years old
[interquartile range (IQR) 61–78]. Almost half of the
patients had diabetes (100/185: 54.5%), and 43.1% of the
patients had ischemic heart disease. Median values of
ABI and SPP among all patients were 1.18 (IQR 1.05–
1.27) and 73 (IQR 52–85) mmHg, respectively.

Clopidogrel, n (%)

1 (0.5)

Warfarin, n (%)

6 (3.2)

Results

Dipyridamole, n (%)

10 (4.9)

Dilazep, n (%)

9 (5.4)

ARB, n (%)
Statin, n (%)

74 (40.0)
60 (32.4)

Data are presented as median (interquartile range)
ABI ankle brachial pressure index, SPP skin perfusion pressure, PAD peripheral
arterial disease, ARB angiotensinII receptor blocker

Distribution of ABI and SPP value and the prevalence of
PAD

Distribution of ABI and SPP in incident HD patients
was shown in Fig. 1. While limbs with ABI value less
than 0.9 were 10.8%, 21.1% of limbs showed SPP values
less than 50 mmHg among total limbs. On the other
hand, limbs with ABI value more than 1.3 were 19.6%
among total limbs at the initiation of HD therapy (Fig. 1).
If ABI value was set at 1.0, 19.6% of patients showed
ABI < 1.0.
Prevalence of PAD at the initiation of HD assessed by
ABI and SPP, histories of revascularization and amputation were 24.3% (45/185). Fontaine severity classification
among incident HD patients with PAD is shown in Table 2.
Among 45 patients with PAD, almost 70% of patients (31/
45) were asymptomatic. The number of patients who have

Fig. 1 Distribution of ABI and SPP values in incident HD patients.
Limbs with ABI < 0.9 were shown in 10.8% among all 366 limbs,
whereas limbs of 21.1% showed SPP value less than 50 mmHg
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already been diagnosed as having PAD before starting HD
was 29 patients (15.7%).
Relationship between ABI and SPP

SPP and ABI positively correlated (r = 0.311, p = 0.006;
Fig. 2). Fourteen patients (7.6%) showed ABI < 0.9 and
SPP < 50 mmHg, and 140 patients (75.6%) showed ABI
≧ 0.9 and SPP ≧ 50 mmHg, respectively. However,
discrepancy between ABI and SPP values (normal or
high ABI with low SPP, or low ABI with normal SPP)
was also found. Six patients (3.2%) showed ABI < 0.9
and SPP ≧ 50 mmHg, and 25 patients (13.5%) showed
ABI ≧ 0.9 and SPP < 50 mmHg, respectively.
Risk factors for PAD in incident HD patients

When patients were divided into two groups, i.e., PAD
group and non-PAD group, there were significant differences in the prevalence of ischemic heart disease, total
cholesterol, and LDL cholesterol between two groups. Ischemic heart disease was more prevalent in PAD patients
compared with non-PAD patients (60 vs. 33.6%; p < 0.001)
(Table 3). Multiple regression analysis, using significant
variables in univariate analysis as independent variables,
showed that only ischemic heart disease was an associating factor for PAD at the initiation of HD (Table 4). Both
older age or diabetes mellitus were not independent
associating factors for PAD in patients with end stage
renal failure.

Discussion
We have clearly provided the evidence that the prevalence of PAD in incident HD patients was high (24.3%)
by ABI and SPP measurements along with ischemic leg
symptoms and histories of re-vascularization or amputation due to PAD. Previous epidemiological reports using
ABI and SPP could not fully elucidate such high rate of
PAD in incident HD patients. Risk factors for PAD
include old age, male gender, smoking, diabetes mellitus,
homocysteine, and C-reactive protein [20–23]. Furthermore, renal failure itself was an independent risk factor
for PAD [23]. Patients at the initiation of HD have not
only renal failure but also several risk factors as mentioned above. Therefore, it may be well appreciated that
Table 2 Fontaine’s severity category in incident HD patients
PAD, n (% among total 185 pts)

45 (24.3)

Fontaine I

31 (16.8)

Fontaine II

2 (1.1)

Fontaine III

6 (3.2)

Fontaine IV

6 (3.2)

amputation

4 (2.2)

HD hemodialysis, PAD peripheral arterial disease

Fig. 2 Relationship between ABI and SPP. ABI and SPP significantly
and positively correlated (r = 0.311, p = 0.006). Dotted lines indicate the
cutoff values of ABI and SPP. Note that SPP varied from abnormally
low levels to normal levels in normal ABI values

the prevalence of PAD is already very high at the initiation of HD.
The symptoms of PAD in its early stage are not so
clinically prevalent or even might be asymptomatic so that
patients do not complain of the symptoms related to PAD.
Elderly HD patients might not walk long enough to complain of apparent intermittent claudication. Therefore,
PAD might be missed when only judged by clinical symptoms. ABI has been widely used in previous reports as
screening tool for PAD in HD patients. However, it has
been well known that measurement of ABI might be
strongly influenced in cases of highly calcified or incompressible arteries [5, 10].
SPP is a useful tool for PAD screening. SPP can evaluate
the microcirculation of lower limbs. The importance of
SPP was first reported in critical limb ischemia with
intractable wound. SPP values more than 30 or 40 mmHg
have been reported to predict healing of intractable
wound [9, 17]. Thus, the significance of SPP measurement
has, at first, established a consensus in evaluating severe
limb ischemia and as a predictor of wound healing. Besides in the cases of critical limb ischemia (CLI), usefulness to measure SPP has recently been expanding its area
as diagnosing tool of early stage of PAD.
As for discrepancy between ABI and SPP values, there
might be some possible explanations. In cases with normal
or high ABI value (≧ 0.9) and low SPP value (< 50 mmHg),
high arterial calcification might pseudo-normalize or even
elevate the ABI value to abnormally high levels. Another
possibility is the existence of below-ankle arterial lesions.
ABI was measured using ankle pressure, and SPP in this
study examined microcirculation of below ankle lesions
(instep and sole). If patient has PAD only in below ankle
arteries, normal ABI and abnormally low SPP values might
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Table 3 Characteristics of PAD patients and non-PAD patients
P

Peripheral arterial disease
–

+
N

45

140

Age (years)

72 (64–81)

69 (59–84)

0.055

Male n (%)

33 (73.3)

97 (69.3)

0.605

Smoking n (%)

17 (37.8)

58 (41.4)

0.694

Hypertension n (%)

40 (88.9)

108 (77.1)

0.087

Dyslipidemia n (%)

24 (53.3)

55 (39.3)

0.056

Diabetes mellitus n (%)

29 (64.4)

71 (50.7)

0.108

Ischemic heart disease n (%)

27 (60.0)

47 (33.6)

0.001

Stroke n (%)

10 (22.2)

17 (12.1)

0.095

ARB n (%)

19 (42.2)

55 (39.3)

0.646

Statin n (%)

19 (42.2)

41 (29.3)

0.086

Hemoglobin (g/dL)

8.7 (7.3–9.8)

8.3 (7.0–9.2)

0.079

ABI

0.92 (0.73–1.08)

1.22 (1.12–1.29)

< 0.0001

SPP

47 (34–71)

75 (69–86)

< 0.0001

Blood glucose (mg/dL)

124 (108–181)

127 (98–160)

0.406

Albumin (g/dL)

3.2 (2.8–3.6)

3.3 (2.8–3.6)

0.637

Ca (mg/dL)

7.8 (7.2–8.4)

7.7 (7.0–8.3)

0.486

P (mg/dL)

5.9 (4.7–7.1)

6.2 (5.0–7.4)

0.453

Total cholesterol (mg/dL)

176 (153–224)

158 (135–192)

0.015

Triglyceride (mg/dL)

98 (71–136)

101 (76–147)

0.821

HDL-C (mg/dL)

44.8 (34.6–55.2)

39.1 (31.0–48.6)

0.067

LDL-C (mg/dL)

106 (74–124)

83 (68.3–104.8)

0.025

CRP (mg/dL)

0.74 (0.615–2.815)

0.47 (0.120–3.730)

0.653

6 (13.3%)

5 (3.5%)

0.026

Cilstazol, n (%)
Sarpogrelate, n (%)

0 (0%)

1 (0.7%)

0.455

Aspirin, n (%)

26 (48.9%)

22 (22.6%)

0.0002

Prostaglandin analogue, n (%)

9 (20.5%)

8 (5.7%)

0.006

Data are presented as median (interquartile range)
PAD peripheral arterial disease, ARB angiotensin II receptor blocker, Ca calcium, P phosphate, HDL-C high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, CRP C-reactive protein

be accepted. In cases with low ABI and normal SPP values,
below knee arterial lesions (above ankle) with well-developed collaterals in foot might explain the discrepancy of
ABI and SPP. In anyway, sole ABI value below 0.9 might
miss considerable number of PAD patients with normal or
high ABI and low SPP values as shown in Fig. 2.
Table 4 Stepwise logistic regression analysis for independent
determinants of PAD
OR (95% CI)

P

Ischemic heart disease

2.76 (1.30–5.86)

0.008

Total cholesterol (mg/dL)

1.00 (0.98–1.01)

0.861

LDL-C (mg/dL)

1.01 (0.98–1.03)

0.347

Independent variables are ischemic heart disease, total cholesterol,
and LDL-C(LDL-cholesterol)

Measurements of both ABI and SPP might improve the
diagnostic accuracy of PAD.
In our study, previous history of ischemic heart disease
was significantly associated with the prevalence of PAD
(Table 3). Sixty percent of incident HD patients with
PAD had the history of ischemic heart disease. Therefore, PAD might be presented as one of the systemic
atherosclerotic disease as shown in REACH registry [24].
We should check other atherosclerotic diseases including ischemic heart disease or cerebrovascular disease
when PAD was diagnosed at the initiation of HD. In this
point, early diagnosis of PAD might contribute to improve the prognosis of HD patients.
The rate of prescription of anti-platelet drugs was significantly different between PAD group and non-PAD
group in our study (Table 3). Aspirin was prescribed in
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48.9% of incident HD patients with PAD whereas only
22.6% of patients without PAD took aspirin. However,
aspirin was mainly prescribed for the purpose of secondary prevention of ischemia events in the heart and brain.
In other words, aspirin prescription was only made in
48.9% of PAD patients. Far less HD patients with PAD
took cilostazol, sarpogrelate, or prostaglandin analogue.
Other antiplatelet drugs should be considered to be prescribed in terms of PAD [25–27]. The final purpose of
medication for PAD is to increase walking distance, prevent
CLI and amputation, and improve the prognosis. Early
diagnosis using ABI and SPP might contribute to early prescription and improved quality of life and prognosis.
Recently, low values of ABI and/or SPP were reported
to be a prognostic factor of cardiovascular disease (CVD)
and mortality. Otani et al. reported that both low ABI and
SPP values were independent risk factors for mortality
among HD patients [28]. Ishi et al. reported that abnormal
ABI (< 0.9 or > 1.4) predicted mortality due to CVD [29]
in HD patients. Therefore, ABI and/or SPP might be used
not only as diagnostic tools of PAD but also one of prognostic factors in HD patients.
Although this is a single center, cross-sectional observational study, we have provided that the prevalence of
PAD in incident HD patients was surprisingly high and
most of these patients were asymptomatic. Both ABI
and SPP measurement might be useful for diagnosing
PAD in incident HD patients. Further studies are needed
to clarify whether early diagnosis of PAD might improve
the outcome of incident HD patients.

Conclusion
Measurement of both ABI and SPP might be necessary to
improve the diagnostic accuracy of PAD. Prevalence of
PAD in incident HD patients was proved to be very high.
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