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The Asian PAD Workshop, the 5th in this series of medical ed-
ucation events, builds on the success of the previous Asian PAD 
Workshops (Jeju, 2009; Osaka, 2010; Gyeongju, 2011; Busan, 
2012). This round of the workshop focused on the prevalence, di-
agnostic approaches and management of PAD, particularly those 
PAD patients with diabetes mellitus (DM) and chronic kidney 
disease (CKD). PAD has been progressively and sharply increas-
ing in Asian countries and diabetes is one of the most critical fac-
tors in its onset. Unfortunately, the proportion of diabetic patients 
amongst PAD patients grows annually. The prevalence of the dis-
ease currently exceeds 40% in Japan, and other Asian countries 
have a similar prevalence. This increase of diabetic prevalence 
clearly contributes to the rise in the incidence of PAD. As it takes 
more than 10 years of diabetic history before the onset of PAD, 
we are faced with the spectra of increasing burden of PAD 
throughout Asia. In addition, renal dysfunction is one of the most 
critical comorbidity for the PAD patients with diabetes. Early 
PAD diagnosis also serves as a crucial “window” for other early 
stage diagnoses of possible cardiac and cerebral pathogenesis. The 
five distinguished speakers invited from Korea, Thailand, Indone-
sia and Japan provided an excellent opportunity to discuss the 
management and prevention of PAD with CKD induced by DM. 
In-depth discussions were held on various topics including early-
stage diagnostic approaches and primary drug therapies such as 
beraprost sodium for PAD associated with diabetes and CKD. 
Raising awareness of PAD in order to encourage early diagnosis 
and intervention is mandatory to help prevent disease progression 
and achieve the best patient outcomes possible.
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Progress of the Asian PAD Workshop

Dr. Hiroshi Shigematsu

In the 2011 focused update of the American College of Cardi-
ology Foundation/American Heart Association Task Force (ACCF/
AHA) guideline for the management of patients with PAD, it is 
recommended that the resting ankle brachial index (ABI) should 
be used to establish the lower extremity PAD diagnosis in patients 

24_PAD_WORKSHOP.indd   199 2014/06/13   15:25
プロセスシアンプロセスマゼンタプロセスイエロープロセスブラック



200 Annals of Vascular Diseases Vol.7, No.2 (2014)

with suspected lower extremity PAD, defined as individuals with 
one or more of the following: exertional leg symptoms, non-healing 
wounds, age ≥65 years or ≥50 years with a history of smoking or 
diabetes.1) ABI results should be uniformly reported with non-com-
pressible values defined as >1.40, normal values 1.00 to 1.40, bor-
derline 0.91 to 0.99 and abnormal ≤0.90. However, it is apparent that 
most borderline patients with an ABI of between 0.91 and 0.99, will 
be asymptomatic and will not visit medical doctor. The problem is 
therefore how to make a diagnosis in asymptomatic PAD patients.

To address this issue, we established a new organization in 
2010 the Japanese Association for Cardiovascular Disease Preven-
tion. A major initiative to make an early diagnosis of PAD was to 
establish a new nationwide trial to measure ABI for elderly people 
aged >65 years, diabetic patients and patients with smoking histo-
ry. To date, around 20 or more institutes have joined this trial 
throughout Japan. Notably, we have measured the ABI of elderly 
people aged over 65 years, diabetic patients and patients with 
smoking history in order to make an early diagnosis of PAD on 
the same special national holiday, respect-for-the Aged Day. The 
results of the ABI measurement shows 3% of citizens have lower 
ABI below 0.9 and more than 6% of them belong to borderline, 
between 0.91 and 0.99, surprisingly. This movement is called “Pre-
vent PAD - Green IVY movement“(see Fig. 1), and we aim to ex-
tend the Take ABI movement throughout Asian countries to help 
prevent PAD especially for patients with diabetes.

In the ACCF/AHA guideline recommendations, antiplatelet 
therapy is indicated to reduce the risk of MI, stroke, and vascular 
death in individuals with symptomatic atherosclerotic lower ex-
tremity PAD, with an evidence level A. Antiplatelet therapy can 
be useful to reduce the risk of MI, stroke, or vascular death in as-
ymptomatic individuals with an ABI less than or equal to 0.90. 
But, at present, the usefulness of antiplatelet therapy to reduce the 
risk of MI, stroke, or vascular death in asymptomatic individuals 
with borderline abnormal ABI, defined as 0.91 to 0.99, is not well 
established. This therefore represents a new issue to be solved. It 
is useful to note that beraprost sodium is expected to have dual ef-
fects on improving ischemic symptoms due to PAD and on pre-
venting CV events due to polyvascular disease (Fig. 2).

REFERENCE

1) 2011 WRITING GROUP MEMBERS; 2005 WRITING 
COMMITTEE MEMBERS; ACCF/AHA TASK FORCE 
MEMBERS. 2011 ACCF/AHA Focused Update of the 
Guideline for the Management of patients with peripheral 
artery disease (Updating the 2005 Guideline): a report of 
the American College of Cardiology Foundation/American 
Heart Association Task Force on practice guidelines. Circu-
lation 2011; 124: 2020-45.

Management of PAD patients with CKD 
in Thailand

Dr. Atiporn Ingsathit 

Fig. 1 Tokyo tower was illuminated green on Aged Day in Japan

Fig. 2 Dual effect of beraprost in PAD

Chronic kidney disease is the primary cause of end-stage renal 
disease (ESRD) in the United States.1) A patient is diagnosed with 
CKD if either of the following are present for >3 months (based 
on the analyses of 45 study cohorts):

The definition and classification for CKD was proposed by the 
National Kidney Foundation Kidney Disease Outcomes Quality 
Initiative (NKF-KDOQI) in 2002 and endorsed by Kidney 
Disease: Improving Global Outcomes (KDIGO) in 2004. KDIGO 
initiated a collaborative meta-analysis and sponsored a Controver-
sies Conference in October 2009 to examine the relationship of 
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estimated glomerular filtration rate (GFR) and albuminuria to 
mortality and kidney outcomes. Prognosis is based on clinical di-
agnosis, stage, and other key factors relevant to specific out-
comes (Fig. 1). KDIGO has also convened a workgroup to develop 
a global clinical practice guideline for the definition, classifica-
tion, and prognosis of CKD.2)

Prevalence of CKD
The population-based Thai Screening and Early Evaluation of 

Kidney Disease (SEEK) study revealed CKD prevalence in the 
Thai population to be much higher than previously known and 
published. As shown in Table 1, early stages of CKD appeared to 
be as common as later stages. However, albuminuria measurement 
was not confirmed and adjusting for persistent positive rates re-
sulted in a prevalence of 14.4%. Awareness of CKD was also rela-
tively low in the Thai population.3)

Keith et al. (2004) showed that the rate of renal replacement 
therapy over a 5-year observation period was 1.1%, 1.3%, and 
19.9%, respectively, for the National Kidney Foundation Kidney 
Disease Outcomes Quality Initiative (K/DOQI) stages 2, 3, and 4, 
but that mortality rates were 19.5%, 24.3%, and 45.7%. Death was 
far more common than dialysis at all stages. Congestive heart fail-
ure, coronary artery disease, diabetes, and anaemia were also 
more prevalent in the patients who died but hypertension preva-
lence was similar across all stages.1)

Diagnosis and management strategies
PAD is the presence of significant narrowing of arteries distal 

to the arch of the aorta, most often due to atherosclerosis. Critical 
limb ischemia (CLI) is characterized by ischaemic pain at rest, ul-
cers or gangrene that can be directly attributed to arterial occlu-
sive disease.4) According to the Fontaine’s classification, patients 
are defined as having CLI if they have chronic ischaemic pain at 
rest, ulcers or gangrene that can be directly attributed to arterial 
occlusive disease.

Ankle brachial index (ABI)
The ABI is calculated by dividing the higher ankle systolic 

blood pressure and the higher brachial systolic blood pressure. Di-
abetic patients undergoing dialysis have heavily calcified vessels, 
and so the arteries are frequently non-compressible. This results 
in an artificially elevated ankle pressure, which can cause misdi-
agnosis and underestimation of the severity of the disease.

An ABI of 1.00-1.30 is normal. However, a value of 0.91-0.99 is 
indicative of borderline PAD, whereas 0.41-0.90 and 0.00-0.40 is 
indicative of mild-to-moderate and severe PAD, respectively.5) Ac-
cording to the ACCF/AHA 2011 guidelines for PAD Recommen-
dation for ABI, patients with suspected lower extremity PAD is 
defined as individuals with one or more followings:6)

• Exertional leg symptoms
• Non-healing wound
• Age 65 years and older
• Age 50 years and older with history of smoking or diabetes

Unfortunately, the diagnosis of PAD is often overlooked. Pa-
tients with subclavian artery stenosis can lead to lower central 
SBP and thus a high ABI. A Toe Brachial Index (TBI) is per-
formed when the ABI is abnormally high due to plaque and calci-
fication of the arteries in the leg; this is caused by atherosclerosis 
and is most often found in diabetic patients. Comparing the bene-
fits and limitations of ABI and TBI as diagnostic tools (Table 2), 
TBI appears to offer certain benefits over ABI.

The diagnostic accuracy of ABI and TBI in dialysis patients is 
similar, although TBI is thought to be more sensitive (Table 3).7)

Prevalence of PAD in CKD patients
CKD is strongly and independently associated with the occur-

rence of PAD. For example, a cross-sectional study in 3,089 
patients by Selvin et al. (2009) showed that the GFR estimated us-
ing cystatin C was more strongly associated with PAD compared 
with the estimated GFR (eGFR) using serum creatinine before 
and after multivariable adjustment (Fig. 2).8)

Furthermore, the prevalence of asymptomatic PAD increases 
with more advanced stage of CKD and diabetes and coronary ar-
tery disease are higher in patients with abnormal ABI (but with no 

Fig. 1 Prognosis of CKD by GFR and albuminuria categories (KIDGO 
2012)2)

Table 1   Prevalence of CKD in Thailand by stage in the SEEK study3)
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Table 2   Comparison of ABI and TBI

Table 3    Comparison of the diagnostic accuracy of ABI and TBI in di-
alysis patients

Fig. 2 Association between eGFR levels and prevalence of PAD8)

Fig. 3 Incremental correlation between prevalence of abnormal ABI 
and stage of CKD9)

statistical significance).9) Abnormal ABI was frequently seen in the 
patients with more advanced CKD and the mean ABI was lower in 
patients with more advanced CKD stage. The mean ABI of stage 4 
and 5 CKD patients was lower than that of stage 1 and 2 (p<0.05) 
(Fig. 3).9)

Prevalence of PAD in dialysis patients
The value of ABI as a powerful and independent predictor for 

all-cause and cardiovascular mortality among haemodialysis pa-
tients was further established in a cohort of 1,010 Japanese pa-
tients undergoing chronic haemodialysis.10) The relative risk of a 
history of DM, cardiovascular, and cerebrovascular disease was 
significantly higher in patients with lower ABPI than those with 
ABPI ≥1.1 to <1.3. Even those with modest reductions in the ABI 

(≥0.9 to <1.1) appeared to be at increased risk for all-cause and 
cardiovascular mortality. Patients having abnormally high ABPI 
(≥1.3) also had poor prognosis.10)

Overall, each decrement of 0.1 in the ABI is associated with a 
10.2% increase in the relative risk of ischaemic stroke, nonfatal 
myocardial infarction or vascular death. However, the association 
between high ABI and mortality was found to be similar to that 
of low ABI and mortality, highlighting a U-shaped association be-
tween PAD and mortality risk (Fig. 4). These data suggest that the 
upper limit of normal ABI should not exceed 1.40.11)

For patients with CKD and PAD, KDIGO 2012 recommends 
that adults with CKD be regularly examined for signs of PAD and 
be considered for therapy. KIDGO also suggest that adults with 
CKD and diabetes are offered regular podiatric assessment.12)

Management options for PAD
Exercise therapy for claudication includes the practice of exer-

cise-rest-exercise, with patients advised to titrate to a speed that 
elicits claudication within 5 min follow by the brief period of rest. 
This should be done in 35 min sessions 3-5 times per week.13) 
Other lifestyle modifications and medical interventions for PAD 
are suggested in Fig. 5. It is noteworthy that both cilostazol and 
beraprost sodium are associated with beneficial PAD and cardio-
vascular outcomes.

Beraprost is a stable, orally active PGI2 analogue with vasodi-
latory, antiplatelet, antiproliferative and cytoprotective effects.14) 
Beraprost acts by binding to prostacyclin membrane receptors, ul-
timately inhibiting the release of calcium from intracellular stor-
age sites. This relaxes the smooth muscle cells and cause vasodila-
tion. In early clinical studies, beraprost was demonstrated to be 
generally well tolerated and efficacious in the treatment of pa-
tients with PAD. Patients receiving beraprost exhibited reduction 
of ulcer size, reported improvement of granulation appearance of 
the tissue and showed improvement of pain at rest and sensation 
of cold in the extremities.14) This is illustrated in Fig. 6, where 
changes of dermal temperature in patients with concurrent Type 2 
DM beraprost also elevated dermal temperature.

To conclude, PAD is a common but frequently overlooked con-
dition and major risk factor for CVD. The prevalence of PAD is 
increased in CKD patients and cardiovascular disease is the major 
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cause of death among CKD and PAD patients. The overall man-
agement strategy should focus on both the limb and CVD out-
comes. Important differences in pharmacological actions, indica-
tions and contraindications can be used to help select the most ap-
propriate agent for each individual patient in order to optimize 
outcomes.

Discussion points:
• Many factors contribute to an increased risk of PAD in CKD 

patients, e.g. traditional factors such as diabetes and hyperten-
sion and less common factors such as disorders of metabolism 
and chronic inflammatory conditions that lead to atherosclero-
sis.

• Every CKD patient should be screened (via physical examina-
tion including TBI where possible/feasible or ABI otherwise) for 
PAD even if they are asymptomatic. Skin perfusion pressure 
(SPP) can also be used.

• The multiple pharmacological effects of beraprost make it a 
good treatment choice; patient comorbidities should also be tak-
en into account when selecting treatment.
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Clinical experience of antiplatelet agents 
in PAD patients with CKD - a focus on 
Thailand

Dr. Dusit Lumlertgul

Actions and relationship between PGI2 and TXA2

A variety of vascular cells, platelets and leukocytes have been 
identified as sensitive target cells of PGs (Fig. 1). On the cellular 
level, the objectives of PG therapy are to:2)

1. Reduce the increased vascular wall stress by relaxation of vas-
cular SMCs

2. Prevent or reverse the structural reorganization of pulmonary 
vessels (anti-remodeling)

3. Inhibit primary or secondary thrombus-mediated obliteration 
via inhibition of platelet aggregation

4. Suppress inflammatory activity near the vessels

EC, endothelial cells; mono, monocytes; MA, macrophages; 
PMN, polymorphonuclear neutrophils; NFkB, nuclear factor-kB; 
TNF-α, tumor necrosis factor α; IL, interleukin; MAPK, mitogen-
activated protein kinases; iNOS, inducible NO synthase; burst, re-
spiratory burst (generation of reactive oxygen species); elastase, 
elastase secretion; IFN, interferon-γ.

Aspirin inhibits the production of both TXA2 as well as PGI2. 
As detailed in Table 2, TXA2 accelerates platelet aggregation 
which leads to vasoconstriction while PGI2 inhibits platelet aggre-
gation, promoting vasodilation. Platelet production of TXA2 in re-
sponse to a variety of stimuli (including collagen, thrombin, and 
ADP) results in the amplification of the platelet aggregation re-
sponse and in vasoconstriction. Conversely, vascular endothelial 
cell production of PGI2 results in inhibition of platelet aggregation 
and induces vasodilation. Aspirin induced inhibition of TXA2 and 
PGI2 has opposing effects on hemostasis; however, the available 
data suggest that the potentially prothrombotic effects of PGI2 in-
hibition are not clinically relevant and that the antithrombotic ef-
fects of TXA2 inhibition predominate. This may, in part, be a re-
sult of the ability of vascular endothelial cells to regenerate new 
COX and thus recover normal function, whereas COX inhibition 
in platelets is irreversible owing to the limited mRNA pool and 
protein synthesis in the nucleus cells.3)

Effectiveness of beraprost in PAD
The antiplatelet and vasodilating properties of beraprost make 

it an effective symptomatic treatment in patients with claudication. 

Fig. 1 Target cells of PGs2)

The prevalence of PAD in Thai patients with CKD is around 
16.2%. Of these, 8.1% suffer from stage 3 and stage 4 CKD.1) Data 
from the Thai SEEK (Screening and Early Evaluation of Kidney 
disease) study (shown in Page 201 Table 1) show a high incidence 
of CKD, 17.5% of the general population compared with 13.1% in 
the US.1) Given this high incidence, a thorough consideration of 
the optimal current management strategies is essential.

24_PAD_WORKSHOP.indd   204 2014/06/13   15:25
プロセスシアンプロセスマゼンタプロセスイエロープロセスブラック



205

Fifth Asian PAD Workshop

Annals of Vascular Diseases Vol.7, No.2 (2014)

The overall therapeutic effect is to improve the decreased blood 
flow of the lower limbs.4)

The clinical benefits of beraprost have been demonstrated in nu-
merous clinical trials and clinical and nonclinical studies. For exam-
ple, significant improvements were observed in a clinical study of 
the efficacy of beraprost in PAD in the coldness of limbs after one 
month and numbness after three months (Fig. 2) in diabetic patients 
with arteriosclerosis obliterans, demonstrating the enhanced im-
provement in the severity over time following beraprost treatment. 
After 3 months of beraprost treatment, ABIs of the left and right 
dorsalis pedis arteries showed significant improvement (Fig. 3).5) 

Beraprost also improved pericutaneous PaO2 by 31% in diabetic pa-
tients examined while lifting an upper limb upwards (Fig. 4).6)

The comparative vasodilative action of beraprost was ex-
amined in dogs by measuring the blood flow of the femoral 
artery following intra-arterial administration of beraprost, 
PGI2, ticlopidine or cilostazol. Although each of the drugs showed 
a dose-dependent increase in blood flow, the order of the effect 
was PGI2 > beraprost > cilostazol > ticlopidine.7) Beraprost also 
inhibited the release of PDGF dose-dependently in human plate-
lets in vitro. The effect was comparable or slightly more potent 
compared with PGI2 and stronger than cilostazol (Fig. 5).8)

A 3-year prospective observational cohort study was conducted 
to investigate the status of PAD drug treatment in Japan and the 
effects of drug treatment in PAD patients. Beraprost, cilostazol 
and aspirin were found to be the most frequently used treatments 
for PAD. Among patients who had not undergone vascular recon-
struction before enrollment, there was a significant improvement 
in ABI after treatment with beraprost.9)

Therapeutic apheresis
Methods of therapeutic apheresis eliminate moderately aggre-

gating macromolecules like fibrinogen, as well as strongly aggre-
gating substances like alpha2-macroglobulin from blood. In mi-
crocirculation disorders, therapeutic apheresis seems to have two 
different effects. The first, achieved after only a few sessions, is 
acute, consisting of drastic reduction of blood viscosity and ob-
tained with the use of low-density lipoprotein (LDL) apheresis, 
rheopheresis, or fibrinogen apheresis. It is likely that the acute ef-
fect of apheresis mainly influences the functional components of 
the vascular damage, and so the derived rheological benefit might 
last only for a short period. In contrast, a chronic effect, by acting 
on the morphological alterations of the vascular walls, requires 
the apheresis treatment to be prolonged for a longer period or even 

Table 2   Comparison of the effects of TXA2 and PGI2

Fig. 2 Effects of beraprost on PAD symptoms: coldness of limbs and 
numbness5)

Fig. 3 Effects of beraprost on blood flow in lower limbs: change of 
ABI5)

Fig. 4 Improvement of pericutaneous PaO2 with beraprost6)

Fig. 5 Inhibition of the release of PDGF in vitro8)
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cycles of treatment to be programmed.10)

In a study investigating continuous changes of tissue blood 
flow in the lower limbs and head during LDL-apheresis (LDLA) 
treatment by a non-invasive method (the Non-Invasive COntinu-
ous Monitoring Method [NICOMM] system), tissue blood flow in 
both the head and lower limbs showed significant enhancement 
with treatment. Tissue blood flow in the lower limbs showed a 
significantly larger improvement than observed in the head.11)

Suppression of oxidative stress, improvement of endothelial 
functions and alteration in the action of vasoactive compounds 
may occur with the improvement of the rheological property of 
blood as a result of aggressive removal of atherogenic factors in-
cluding LDL, possibly resulting in the suppression of development 
of atherosclerosis. Repeated LDLA prevents the progression of 
atherosclerotic diseases and probably improves the long-term 
prognosis of patients with PAD.12) The proposed action of LDLA 
in this setting is outlined in Fig. 6.13) In clinical studies, approxi-
mately 50% reduction in incidence of major coronary events was 
achieved by LDLA. Similarly, in the studies with a angiographic 
parameter, coronary atherosclerosis was suppressed or regressed 
by LDLA.14)

LDLA is currently indicated in Japan in patients with clini-
cal signs of poor peripheral circulation, such as cold, discolored 
or ulcerated extremities, or intermittent claudication consistent 
with a Fontaine classification of Grade II or more, and with 
LDL-C >140 mg/dL or total cholesterol >220 mg/dL in spite of 
drug treatment.13)

In a study conducted in Thailand, Lumlertgul et al. (2013) ap-
plied Double Filtration Plasmapheresis (DFPP) to the treatment of 
two different categories from 100 cases of non-kidney disease that 
had been collected over a 5 year period (2007-2011). PAD was 
shown to benefit from significantly decreasing fibrinogen and 
IgM, which resulted in clinical tissue oxygenation.15)

To conclude, DFPP (rheopheresis) is advocated in arterial dis-
eases or severe microvascular complications in diabetic vascular 
diseases, and hyperviscosity syndrome caused by IgM, fibrinogen, 
lipid, and α2-macroglobulin. Renal deterioration in diabetic ne-
phropathy can be delayed by DFPP plus anticoagulants. In one 
study, DFPP was not associated with the significant adverse effect 
of severe bleeding or other serious complications. Overall, we 
should aggressively treat PAD and its complications before the pa-
tient loses a limb or their life.

Discussion points:
• Apparent differences between Western and Asian populations in 

the prevalence of PAD in patients with CKD are most likely not 
consistent or significant; any differences in incidence most likely 
reflects differences in classification.

• There may be gender-based difference in prostaglandin activity 
that relate to testosterone levels - these could potentially lead to 
gender differences in efficacy for therapeutic agents but this re-
mains to be determined.

• The immediate use of beraprost is important in patients with 
critical limb ischemia - after two or three weeks, leg pain symp-
toms are usually reduced.

Fig. 6 Proposed action of LDLA13)
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Vascular calcification in chronic kidney 
disease

Dr. Ketut Suwitra

main cause of cardiovascular disease in patients with CKD and 
that its progression. As showed in Fig. 4 that, cardiovascular event 
still the main cause of death in CKD patients, so vascular  calcifi-
cation of course  has a contribution for that matter.  Based on ob-
servations of patients on long-term dialysis, vascular calcification 
was accelerated by the uremic state. Subsequent reports, however, 
favor the involvement of other mechanisms, such as arteriosclero-
sis, vascular calcification, ‘myocyte/capillary mismatch’ and con-
gestive cardiomyopathy.The prevalence of atherosclerosis increas-
es with age and is aggravated, but not specifically induced, by 
CKD. Other risk factors for atherosclerosis in CKD are detailedin 
Table 1. The cardiovascular events associated with atherosclerosis 
are more often fatal in patients with CKD than in individuals 
without CKD. The authors put forward a hypothetical role of mild 
to moderate CKD in the occurrence of cardiovascular dysfunction, 

Fig. 1 Causes of ESRD4)

Arterial media calcification in ESRD
Patients with CKD, especially those with chronic dialysis have 

more frequent vascular calcification than the general population 
which will increase morbidity and mortality. Arterial intimal cal-
cification (AIC) is a typical risk factor associated with atheroscle-
rotic disease and is usually observed in older patients with a clini-
cal history of atherosclerosis before starting haemodialysis. Arte-
rial medial calcification (AMC) is closely associated with the du-
ration of haemodialysis and calcium-phosphate disorders, includ-
ing the dose of calcium prescribed as phosphate binder. It is ob-
served in young and middle-aged patients without the convention-
al atherosclerotic risk factors.1)

The number of dialysis patients in the US has been increasing 
consistently. Experts from the US Renal Data System (USRDS) 
have projected that between 1998 to 2010 the number of patients 
with long-term ESRD will increase at an average rate of 6.4% per 
year, and that the prevalence of ESRD will increase from approxi-
mately 372,000 in 2000 to 651,000 by 2010.2) 

Applying KDOQI guidelines for the definition of CKD, Coresh 
et al. (2003) estimated the prevalence of CKD in the Third Na-
tional Health and Nutrition Examination Survey (NHANES III). 
Results showed that stage 3 CKD affects 4.3% of the population 
(7.6 million), a much larger group of individuals than those now 
on dialysis. As the population ages, the number of people at risk 
for CKD is therefore thought to increase.3)

As shown in Fig. 1, diabetes is the major cause of ESRD. Hy-
pertension is the second most common cause. However, a substan-
tial proportion of diabetics will have hypertension (blood pressure 
>140/90 mmHg) as an important contributing factor to their loss 
of renal function.4) Shulman et al. (1989) followed up 10,940 CKD 
patients for 5 years in a community-based trial for the treatment 
hypertension, the Hypertension Detection and Follow-up Pro-
gram. The leading cause of death was found to be cardiovascular 
disease (54.3%).5)

In 2009, KDIGO categorised vascular and soft tissue calcifica-
tion in CKD on Chronic Kidney Disease-Mineral and Bone Dis-
order (CKD-MBD) beside abnormality metabolism of calcium, 
phosphorus, parathyroid hormone, vitamin D and abnormality of 
bone turnover, mineralisation, volume, linear growth or strength. 
Figure 2 illustrates how the consequences of CKD-MBD interact 
to produce poor outcomes for ESRD patients,6, 7) while Fig. 3 out-
lines mechanisms of vascular calcification in CKD.

Researchers in the 1970s proposed that atherosclerosis was the 

Fig. 2 Interaction of CKD-MBD in ESRD patients6, 7)

Fig. 3 Mechanisms of vascular calcification in CKD6, 7)

 MGP, matrix GLA protein; OPG, osteoprotegerin
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vascular calcification is done at the discretion of the treating phy-
sician, especially when knowledge of the presence of vascular cal-
cification may impact therapeutic decision making. In CKD stages 
3-5D, the suggestions indicate that:11)

• It is reasonable to use alternatives to computed tomography-
based imaging to detect the presence or absence of vascular 
calcification, including: 

 ° Lateral abdominal radiograph
 ° Echocardiogram
• Patients with known vascular/valvular calcification can be 

considered at highest cardiovascular risk

In the initial CKD stage, the recommendation is to monitor se-
rum levels of:11)

• Phosphorus
• Calcium
• PTH
• Alkaline phosphatase

In CKD stages 3-5D, frequency of monitoring serum calcium, 
phosphorus, and PTH should be based:11)

• On the presence and magnitude of abnormalities
• The rate of progression of CKD 

In children, the suggestion is to begin monitoring in CKD stage 2.
In patients with CKD stages 3-5, it is recommended to main-

tain serum phosphorus and calcium in the normal range. Phos-
phate binders are suggested in the treatment of hyperphosphatae-
mia. For choice of phosphate binder, it is reasonable to take into 
account: 11) 

• CKD stage
• Presence of other components of CKD-MBD
• Concomitant therapies
• Side-effect profile (not graded)

In patients with CKD stages 3-5 not on dialysis, the optimal 
PTH level is unknown. In patients with levels of intact PTH 

Table 1   Risk factors for atherosclerosis in CKD patients8)

Fig. 4 Major cause of death5)
Fig. 5 Hypothetical role of mild to moderate CKD in the occurrence 

of cardiovascular dysfunction8)

which is shown in Fig. 5.8)

Controlling the development of vascular calcification in CKD 
is essential, principally because it is associated with increased car-
diovascular pathology. However, the precise mechanism of vascu-
lar calcification remains to be completely elucidated.9)

In histological specimens from the inferior epigastric artery of 
dialysis patients, expression of the osteoblast differentiation factor 
core binding factor alpha-1 (Cbfa1) and several bone-associated 
proteins (osteopontin, bone sialoprotein, alkaline phosphatase, 
type I collagen) have been found in both the intima and medial 
layers when calcification was present. In cultured vascular smooth 
muscle cells, the addition of pooled serum from dialysis patients 
accelerated mineralisation and increased expression of Cbfa1, os-
teopontin, and alkaline phosphatase to a similar magnitude as 
does beta-glycerophosphate alone. However, a lack of inhibitors of 
calcification may also be important. Dialysis patients with low 
levels of serum fetuin-A, a circulating inhibitor of mineralisation, 
have increased coronary artery calcification and fetuin-A can in-
hibit mineralization of vascular smooth muscle cells in vitro. 
These data support that elevated levels of phosphorus and/or other 
potential uremic toxins may play an important role by transform-
ing vascular smooth muscle cells into osteoblast-like cells, which 
can produce a matrix of bone collagen and noncollagenous pro-
teins. This nidus can then mineralize if the balance of pro-miner-
alizing factors outweighs inhibitory factors.10)

Diagnosis of CKD-MBD
The KDIGO working group recommend that screening for 
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(iPTH) above the upper normal limit of the assay, the suggestion 
is to first evaluate for hyperphosphataemia, hypocalcaemia and 
vitamin D deficiency. It is reasonable to correct these abnormali-
ties with any or all of the following; reducing dietary phosphate 
intake and administering phosphate binders, calcium supplements, 
and/or native vitamin D. The suggestion is to treat with calcitriol 
or vitamin D analogs if serum PTH is progressively rising and re-
mains persistently above the upper limit of normal for the assay 
despite correction of modifiable factors.11)

Kidney function and the risk of PAD
The Atherosclerosis Risk in Communities (ARIC) study, which 

enrolled 14,280 middle-aged adults, showed an increase in risk for 
incident PAD in participants with CKD (Fig. 6), with a multivari-
able adjusted RR of 1.56 (95% CI 1.13 to 2.14).12)

Cystatin C, a novel marker of kidney function, may have clini-
cal utility when combined with serum creatinine in evaluation of 
individuals who may have PAD. A clinical study in 3,089 patients 
suggested that GFR estimated using cystatin C was more strongly 
associated with PAD compared with eGFR using serum creati-
nine before and after multivariable adjustment. Further, after ad-
justment for cystatin C, kidney function based on serum creati-
nine was no longer significantly associated with PAD. However, 
cystatin C remained significantly associated with PAD even after 
adjustment for GFR estimated by serum creatinine.13)

A further study investigated the association between CKD and 
PAD. The prevalence of PAD in patients with and without CKD 
was 41.9% and 22.3%, respectively. The survival rate for the CKD 
and PAD group was significantly lower than that for any single 
disease, for both all-cause and CVD mortality (Fig. 7).14)

Effects of beraprost on vascular endothelium in patients 
with PAD and renal dysfunction

In a preclinical study, beraprost had a therapeutic effect on dia-
betic nephropathy in the OLETF (Otsuka Long-Evans Tokushima 
Fatty) rat, suggesting a potential application in the treatment of 
human diabetic nephropathy. The values for urine protein excre-
tion and serum blood urea nitrogen in beraprost-treated rats were 
significantly lower than those in untreated rats (Fig. 7). Index of 
glomerulosclerosis and glomerular volume were also significantly 
reduced compared with untreated rats (Fig. 8).15) The administra-
tion of beraprost to PAD patients undergoing maintenance dialysis 
was associated with a decrease in plasma endothelin-1 concentra-
tion, a marker of vascular endothelial cell damage.16)

To conclude, death in >50% of patients with CKD is a result of 
cardiovascular complications. Vascular calcification has been 
clearly defined as a risk factor and highly prevalent in CKD espe-
cially in end stage of the disease. While the pathophysiology of 
vascular calcification in CKD still unclear, a disturbance in calci-
um and phosphate metabolism is apparently dominant. The fre-
quency and severity of atherosclerotic events is higher in patients 
with CKD and studies have shown that beraprost has an important 
therapeutic role in this setting.
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Fig. 1 Vascular risk in patients with microalbuminuria2)

Association between albuminuria, 
atherosclerosis and PAD in Korean type 
2 diabetic patients - detecting high risk 
PAD patients

Dr. Dong Sun Kim

Risk factors of albuminuria are the same as those associated 
with vascular disease. Many analyses have also identified albu-
minuria as a potent risk factor for the development of progressive 
kidney disease. As the conditions associated with endothelial 
damage predispose individuals to albuminuria, PAD might also 
be related to albuminuria. However, since albuminuria and renal 
insufficiency are closely related, the association between albumin-
uria and PAD could be confounded by renal function. 

The endothelial cell lining of the arterial vasculature modu-
lates the relationship between the cellular elements of the blood 
and the vascular wall, mediating the normal balance between 
thrombosis and fibrinolysis. Abnormalities of endothelial function 
can change the arterial system susceptible to atherosclerosis and 
its associated adverse outcomes.1)

Patients with microalbuminuria were found to have higher 
rates of atrial fibrillation, coronary artery disease, heart failure 
and symptomatic PAD compared to patients without microalbu-
minuria (Fig. 1).2)

Microalbuminuria is therefore an early sign of intra-renal vas-
cular dysfunction, and reflects generalised atherosclerosis. An im-
provement in endothelial function is reflected in a decrease of al-
buminuria. Since the conditions associated with endothelial dam-
age predispose individuals to microalbuminuria, it is natural that 
PAD might also be related to albuminuria. 
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Fig. 2 Cardiovascular survival according to the absence vs the pres-
ence of microalbuminuria (b) and PAD (b)3)

Cardiovascular mortality in patients with microalbumi-
nuria and PAD

Data from a population-based cohort, followed prospectively for 
5 years (n=631), showed both microalbuminuria and PAD to be as-
sociated with an increased risk of cardiovascular mortality (Fig. 2). 
The risk of cardiovascular mortality increased around 13-fold when 
both existed. The associations of microalbuminuria and PAD with 
all-cause mortality are somewhat weaker. They are more pro-
nounced in the presence of hypertension than in its absence. Data 
from this study suggest that microalbuminuria affects mortality risk 
through a mechanism different from generalized atherosclerosis.3)

Most epidemiologic studies have shown an increased risk of 
PAD in patients with CKD. However, the role of albuminuria as a 
risk factor for PAD has mostly been evaluated small studies. The 
Multi-Ethnic Study of Atherosclerosis (MESA), for example, is a 
population-based investigation of the prevalence, correlates, and 
progression of subclinical CVD. This study cohort comprised 
6,814 subjects. Compared to subjects without PAD, those who had 
PAD were more likely to be older, male and have higher preva-
lence of hypertension, diabetes, and smoking as well as a greater 
mean values for systolic blood pressure, serum creatinine and a 
lower mean HDL cholesterol level (Table 1). The study suggested 
that albuminuria may be an important risk factor for PAD in the 
general population and in high-risk populations of diabetic sub-
jects or hypertensive subjects.4)

Interesting results from the National Health and Nutrition Ex-
amination Surveys (NHANES) in US have recently been pub-
lished. The objective of this study was to examine the association 
of PAD with low GFR and albuminuria in a large general popula-
tion. Of the 7068 subjects, in non-diabetics, PAD occurred more 
frequently in those with albuminuria (13.7%) than in those without 
albuminuria (4.6%). However, in the diabetics, the difference was 
not statistically significant (12.3% vs 14.9%; p=0.43). Among non-
diabetic subjects, PAD was 2.77 times more likely in the presence 
of albuminuria. Even after controlling for the confounding effect 
of CKD, the OR of albuminuria for PAD was still significant 
(p=0.0003). For diabetic subjects, there was no association 
between albuminuria and PAD before adjustment and after 
adjustment. However, the association between CKD and PAD was 
statistically significant (OR: 2.3).5)

To see the impact of glucose control on the association be-
tween albuminuria and PAD, the diabetic patients were stratified 
into those with tight glucose control and poor control. In the tight 
controlled group (HbA1C <7), ACR was associated with PAD in 
univariate analysis (OR: 1.25; p=0.0015), but only tended to be as-
sociated in multivariate analysis (OR: 1.16; p=0.09). In the poorly 
controlled group(HbA1C ≥7), there was no association between 
ln(ACR) and PAD in the unadjusted and multivariate analysis. 
Considering albuminuria is especially common in those with poor 
glucose control, the severity of endothelial damage cannot be de-
termined simply by the presence of albuminuria. Deterioration of 
renal function, instead of the presence of albuminuria, may reflect 
more accurately the severity of generalized atherosclerosis. Thus, 
renal function (i.e., GFR), rather than albuminuria, might be a 
better predictor of PAD in subjects with diabetes.5)

Table 1   Risk factors according to prevalent PAD status4)

Overall, these NHANES data indicate that albuminuria, 
independent of renal function, is strongly associated with PAD in 
non-diabetic subjects. It also appears that as diabetes develops and 
HbA1c level increases, the predictive value of albuminuria gradu-
ally diminishes after adjustment for renal function.5)

Kidney function and risk of PAD
Kidney disease is also associated with an increased risk for 

cardiovascular disease, and kidney function correlates with a risk 
of PAD, as shown by findings from the ARIC study.6) A total of 
14,280 middle-aged adults were categorized on the basis of esti-
mated GFR ≥90, 60 to 89, and 15 to 59 ml/min per 1.73 m2) for 
normal kidney function, mildly decreased kidney function and 
stages 3 to 4 CKD, respectively. During a mean follow-up time of 
13.1 years, 1,016 participants developed PAD. Figure 3 shows Ka-
plan-Meier curve for remaining free of PAD by level of estimated 
GFR. It is clear that individuals having low eGFR (15-59) show a 
high incidence rate of PAD.6) Patients with CKD are therefore at 
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an increased risk for incident PAD.

Diabetes, inflammation and the risk for PAD
Inflammation has been established as both a risk marker and 

perhaps a risk factor for atherothrombotic diseases, including 
PAD. Elevated levels of CRP are strongly associated with the de-
velopment of PAD. A high-sensitive C-reactive protein (hs-CRP) 
assay was developed that can detect slight but significant increases 
in CRP levels within the normal range. Hs-CRP is considered as 
an independent predictor of CV disease. In addition, levels of CRP 
are abnormally elevated in patients with diabetes. CRP was dis-
covered 70 years ago. Historically, CRP has been used in the diag-
nosis and monitoring of active inflammation and infection. In re-
sponse to tissue damage or infection, hepatocytes are stimulated 
by cytokines, especially IL6, IL1 and TNFα, to synthesize CRP. 
So, acute-phase CRP has been used as a marker of systemic in-
flammatory changes in patients with sepsis or connective tissue 
disease. Inflammation has been considered, at least in part, to lead 
to the development and progression of atherosclerosis. Hs-CRP is 
considered to be a consistent marker for evaluating the extent of 
CVD in clinical studies. When directly compared with many oth-
er novel risk factors including homocysteine, lipoprotein(a), and 
standard lipid measures, hs-CRP has proven to be the single stron-
gest predictor of risk, as is shown by data from the Women’s 
Health Study (Fig. 4).7)

Data from NHANES also illustrate the risk of PAD by disease 
and CRP category (Fig. 5). Subjects with diabetes and an elevated 
CRP had the greatest likelihood of PAD (OR: 8.57; p<0.001). PAD 
is more likely to occur among those with DM and increased CRP, 
suggesting that enhanced inflammation may identify these sub-
jects. The important findings of this study were that increased 
CRP levels are associated with a greater likelihood of PAD among 
those with MS, even if DM is absent. In those with metabolic syn-
drome alone, an elevated CRP also resulted in an increased likeli-
hood of PAD (OR: 3.94; p=0.04).8)

CRP has been found to bind to endothelial cell receptors pro-
moting apoptosis and has been shown to colocalize with oxidized 
LDL in atherosclerotic plaques. Therefore, in addition to being a 
marker of disease presence, elevation of CRP may also be a culprit 

Fig. 4 Relative risks of future CV events7)

Fig. 5 Risk of PAD by disease and CRP category8)

Fig. 3 Kaplan-Meier curve for remaining free of PAD by level of 
eGFR6)

in the causation or exacerbation of PAD.9) Summarizing the many 
studies that have investigated the role of CRP in peripheral vascu-
lar disease (PVD), it’s very clear high CRP levels are an indepen-
dent risk factor for PAD development and severity. CRP may also 
predict the risk of restenosis after angioplasty.10)

Data from our clinic in patients with type 2 diabetes (n=254) 
reveal an association between albuminuria and hs-CRP with 
PAD.11) The clinical characteristics of the study population by the 
presence of albuminuria are shown in Table 2. It is apparent that 
PAD prevalence was much higher in the microalbuminuria and 
macroalbuminuria group compared to the no albuminuria group.

Clinical characteristics of the study population by the presence 
of PAD are shown in Table 3. Among the 254 diabetic subjects, 
those with PAD had a worse risk factor profile. Compared with 
subjects without PAD, those who had PAD were more likely to be 
older and male and have longer duration, higher prevalences of 
albuminuria and hypertension, as well as greater mean values for 
hsCRP.11)

The occurrence of PAD was found to be 2.2 times more likely 
in the presence than in the absence of albuminuria. Odds ratio of 
hs-CRP was 9.6. An association between sex, age, and duration 
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are an independent risk factor for PAD development and severity 
in patients with type 2 DM. As the early diagnosis of PAD is criti-
cal to prevent lower extremity revascularization procedures and 
amputations, measurement of microalbuminuria with hs-CRP is 
clinically useful in identifying diabetic subjects at risk for PAD.

Discussion points:
• While screening for albuminuria is important for the detection 

of patients with PAD, there are no direct pathophysiological 
links between these conditions. Patients with albuminuria are 
more likely to experience more rapid deterioration of kidney 
function and cardiovascular status.
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To summarize, non-diabetic and diabetic adults with albu-
minuria have a higher prevalence of PAD independent of current 
renal function. Individuals with CKD or albuminuria are at 
moderately increased risk for developing PAD. High CRP levels 

Table 2   Characteristics of enrolled Korean diabetes patients11) Table 4   Risk factors for PAD11)
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CKD, particularly end-stage renal disease (ESRD), is an inde-
pendent risk factor for PAD irrespective of the presence or ab-
sence of diabetes. When looking at the underlying cause of dialy-
sis, diabetes is increasing while glomerulonephritis is apparently 
decreasing. Recently, however, the number of patients with diabe-
tes has decreased due to an improvement in medical care and 
treatment prior to dialysis. In Japan, the 5-year survival rate of 
haemodialysis (HD) patients is 67% and many dialysis patients 
tend to live longer. But this is still poor compared to that of early 
gastric cancer with a 5-year survival rate of 71%. It is known that 
as renal function decreases, the prevalence of PAD increases. 
PAD accounts for significant morbidity and mortality among in-
dividuals with dialysis patients. Therefore, early diagnosis is very 
important to improve survival rate.

Prognosis after major amputation 
The prognosis after major amputation is extremely poor. Dossa 

et al. (1994) found that ESRD has a profound negative impact on 
morbidity, mortality and survival rates after lower extremity am-
putation.1) In a retrospective study, survival in ESRD patients was 
51.9% and 14.4% vs 75.4% and 42.2% in patients without renal 
failure at 1 and 5 years, respectively.2) A high incidence of progres-
sive ischaemic gangrene (PIG) in patients undergoing mainte-
nance dialysis (MD) has been observed, especially in those with 
DM. A study in Kuwait reported that PIG developed in 41.4/1000 
person years of observation of diabetic patients who received MD, 
compared to 7.1/1000 in non-diabetic patients on MD and 
0.14/1000 in diabetics without renal disease.3) Moreover, among 
patients selected to undergo surgical bypass for infrainguinal dis-
ease, a risk stratification model reliably identified a category of 
critical limb ischaemia (CLI) patients with a >50% chance of 
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death or major amputation at 1 year.4)

Evaluation and treatment of cardiovascular complications 
in HD patients

In 2011, the Japanese society of dialysis therapy produced the 
guideline for the evaluation and treatment of cardiovascular com-
plications in dialysis patients in which PAD is included, as fol-
lows:5)

1. HD is an independent risk factor of PAD with or without diabe-
tes

2. In PAD patients, simultaneous evaluation of cardiovascular dis-
ease is recommended

3. HD patients often have below-knee calcification, but symptoms 
are poor - early detection is therefore important

4. ABI measurement is recommended at least once a year
5. It is important to fully evaluate the morbidity of ischaemia

Procedures for PAD diagnosis
Skin perfusion pressure (SPP) measurement is an objective, 

noninvasive method that can be used to diagnose CLI with ap-
proximately 80% accuracy. In one study, the sensitivity of SPP 
<30 mmHg as a diagnostic test of CLI was 85%, and the specifici-
ty was 73%.6) In a comparison of the sensitivity and specificity of 
various diagnostic tools, SPP was the most useful for detecting 
PAD in HD patients, with an accuracy rate of 84.9% (Table 1). 
The sensitivity of the ABI was only 29.9%. For lesions located 
above the knee, TBI provided a sensitivity rate of 45.2% and spec-
ificity 100%.7)

Prevalence of PAD of HD patients using SPP
The normal cut-off value of SPP in HD patients is 40 mmHg. 

However, 50 mmHg is good for raising sensitivity. Using SPP, the 
prevalence of PAD in dialysis patients is considered to be 37.2%. 
In Japan, around 100,000 dialysis patients have PAD.8) Results 
from a Japanese survey in >4,000 dialysis patients showed that, 
despite a high-risk population, the proportion of patients on foot 
care was as low as 40%. Very few patients are diagnosed, exam-
ined and treated to a necessary and sufficient level. In particular, 
assessment and treatment for blood flow are not sufficient despite 
both being indispensable to PAD management. Unfortunately, 
PAD often goes undetected. In the US, for example, 29% of high 
risk patients in the primary care setting have an ABI of <0.9. Ap-
proximately half did not have a prior diagnosis of PAD and only 
49% of their physicians were aware of the prior diagnosis.9)

Peripheral artery calcification associated with PAD severity
Ohtake et al. (2011) demonstrated that calcification of lower 

limb arteries is closely associated with the prevalence and severity 
of PAD in HD patients. Furthermore, arterial calcification of be-
low-knee arteries and micro-inflammation represented as CRP 
were independent associating factors for low TBI, which was the 
independent associating factor for PAD and CLI in HD patients.10) 
Uremia causes chronic inflammation through an increases in 
TNF-α or IL-6. Recently, higher FGF23 levels have been found to 

Table 1   Comparison of diagnostic tools7)

be independently associated with higher levels of inflammatory 
markers in patients with CKD and with significantly greater odds 
of severe inflammation. FGF23 correlated directly with IL-6, 
CRP, TNF-α and fibrinogen.11)

A clinical study showed that monocyte-platelet conjugates play 
an important role in aortic stiffness and intima-media thickness 
(IMT) in HD patients. Flow cytometry demonstrated that leuko-
cyte-aggregates (LA) were predominantly monocytes. Leukocyte 
aggregates were positively associated with plasma levels of fibrin-
ogen, or serum high-sensitive CRP. Moreover, LA had highly sig-
nificant associations with brachial-ankle pulse wave velocity and 
IMT.12) Dialysis patients with PAD are more likely to suffer from 
LA, than dialysis patients without PAD. The use of anti-platelet 
therapy is therefore recommended. Beraprost sodium (BPS), for 
example, decreased LA by 28%. Unfortunately, it has recently 
been reported that CKD patients have poor responsiveness to anti-
platelet therapy.13)

Endothelial dysfunction, leading to platelet activation, is fun-
damental to atherosclerosis pathophysiology. In turn, platelet ag-
gregation, smooth muscle contraction and proliferation disturbs 
peripheral microcirculation, leading to the development of isch-
emia.

Several treatment modalities are available. From an instruction 
of cessation of smoking, foot care, and foot wear, exercise, anti-
platelet therapy, revascularization, debridement, LDL-apheresis, 
hyperoxgen therapy and rehabilitation. A multidisciplinary ap-
proach to treatment is important to optimize outcomes. These in-
clude:

• Smoking cessation
• Ongoing observation, evaluation and physical assessment of legs
• Anti-platelet therapy
• Evaluation of ischemia and infection
• Suitable debridement and dressing technology are important
• Don’t miss the point at which amputation is necessary
• Mitigation of the role of amputation and prudent examination

Despite the fact that PAD is a vascular disease, PAD patients 
are often not treated with antiplatelet drug therapy. When the ABI 
of 7,458 individuals were studied in a clinical trial in the USA, 
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5.9% had a suggestion of PAD and of these, 61% received no anti-
platelet drug (Fig. 1). When analysed in relation to a complication 
by cardiovascular disease, the percentage of cases receiving anti-
platelet drug therapy was higher in the complication positive other 
than PAD group, but the percentage of cases receiving no anti-
platelet drug was more than 70% in the complication-free group, 
suggesting that PAD is ignored despite similar cardiovascular 
complications.14)

Cilostazol is known to improve walking distance as well as 
ischaemic symptoms. However, cilostazol is contraindicated for 
patients with heart failure and its use is therefore generally avoid-
ed where effective alternatives, such as beraprost, are available.

The Japan-Peripheral Arterial Disease study in patients with 
Dialysis (J-PADD) was a randomised, controlled, multicentre 
study comparing BPS (group A) and other anti-platelet therapies 
(antiplatelets, cilostazol or sarpogrelate, group B) in 72 HD pa-
tients with PAD. Patient SPP was found to increase significantly 
in both groups in instep and in sole (Fig. 2). Importantly, patients 
in the BPS group had no increase in heart rate (Fig. 3).15)

While both ABI and TBI did not show a significant change 
(Table 2), TBI, which reflects more distal circulatory changes, ap-
peared to increase.15)

In both groups, neither cardiovascular events nor PAD events 
show any difference between two groups.15)

Renal anemia in dialysis patients
It has been reported that PGI2 has pleiotropic effects that are 

anti-inflammatory and anti-atherogenic. Findings from a clini-
cal report suggest that beraprost may improve renal anemia in 
HD patients. After six months, the titer of haemoglobin had sig-
nificantly increased in the BPS group compared to the baseline, 
and there was a significant difference between the BPS group and 

Fig. 2 Changes in SPP. 
 (A) SPP in instep, (B) SPP in sole. 
  indicate group A (beraprost, n=35) and 
  indicate group B (cilostazol or sarpogrelate, n=33).15) 
 *p<0.05, #p<0.01 vs pretreatment values. NS, not significant

Fig. 3 Effect of treatment on heart rate.
  indicate heart rate of group A (beraprost, n=35), 
  indicate heart rate of cilostazol-treated patients in group B 

(n=18).15)   #p<0.01 vs pretreatment values

Table 2   Changes of ABI and TBI15)

Fig. 1 Percentage of antiplatelet drug-treated patients having ABI 
<0.914)

the control group.16)

Bypass grafting endovascular therapy
The results of revascularisation tend to be very poor. Vascular 

calcification and the lesion located in more distal sites make treat-
ment difficult. A meta-analysis found that limb salvage can be 
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Fig. 4 Pooled survival curves (meta-analysis)17)

achieved in most ESRD patients who undergo bypass surgery for 
critical ischemia, but survival is poor. To avoid early amputation 
despite a patent graft, bypass grafting should not be offered to 
patients with a great amount of tissue loss or extensive infection. 
The 2-year survival rate was 50% although the limb salvage rate 
was 75% (Fig. 4).17)

LDL-apheresis (LDLA) treated scene
LDL-apheresis was originally used for familial hyperlipid-

emia, and in Japan extended to use for the treatment of patients 
with PAD and nephrotic syndrome due to steroid-resistant focal 
glomerular sclerosis (FGS). The reason why this treatment is ap-
plicable for these disorders is due to the fact that LDLA exerts its 
favorable effects beyond the lipid-lowering effect. The main un-
derlying mechanisms, for example, in the case of LDLA applica-
tion in patients with PAD are: (1) improvement of hemorheology, 
(2) improvement of endothelial dysfunction, (3) elevations of se-
rum levels of NO and bradykinin, (4) increase in serum levels of 
vascular endothelial growth factor, and (5) reduction of adhesion 
molecules on monocytes.18)

Massive proteinuria is also an important challenge in nephrol-
ogy. The possible mechanisms besides removal of toxic lipids are 
the reduction of the vasoconstrictive prostanoid and TXA2 and an 
improvement in macrophage function evidenced by a significant 
amelioration of interleukin-8 production by LPS-stimulated pe-
ripheral blood mononuclear cells. It is intriguing to note that in 
terms of pharmacodynamics, LDLA improves steroid and cyclo-
sporine uptake into lymphocytes.18)

Moreover, in patients with peripheral arterial occlusive disease, 
serum levels in VEGF statistically increased after 10 sessions of 
LDLA, and further increased up 3 months after a completion of 
this intervention. After 10-times therapy, IGF-I significantly de-
creased (p<0.05), but increased over the basal value 3 months after 
this therapy. Plasma fibrinogen statistically decreased and re-
mained low for 3 months. The favorable effects of LDLA may be 
ascribed to up-regulation of VEGF and IGF-I associated with de-
creased fibrinogen levels.19)

Maggot debridement therapy (MDT) is effective for treating 
intractable wounds. Results from a clinical study suggest that the 
formation of healthy granulation tissue observed during MDT re-
sults from the increased hepatocyte growth factor (HGF), which is 
clearly an important factor involved in cutaneous wound healing.20)

Several kinds of treatment strategies are available. Antiplatelet 
agents should be continuously used from an early stage even with-
out overt symptoms until revascularization or debridement

Even if the patients are required to receive an amputation, 
healthcare professionals should not hesitate in putting their pa-
tients forward for amputation if it is going to help their lives. In 
addition, as with cancer patients, that mental care is also impor-
tant. A multi-disciplinary team approach is important, and for 
limb salvage and to save a patient’s life, early diagnosis is essen-
tial. To diagnose the patient, SPP and angiography should be used 
for examination. In terms of treatment, antiplatelet agents contin-
ue to play an important role. 

Interestingly, amongst its other effects, beraprost has been 

demonstrated to also improve insulin resistance such that it con-
tributes to an overall systemic vascular protective action beyond 
antiplatelet effects. Beraprost sodium is also reported to attenuate 
inflammation. Treatment with beraprost improved glucose toler-
ance and insulin action without body weight change in mice. 
Beraprost is therefore thought to improve glucose intolerance 
through suppression of inflammatory cytokines in white adipose 
tissue.21) These and other properties suggest that this agent has an 
important role to play in the management of PAD patients with 
CKD and/or DM.

Discussion points:
• For asymptomatic patients at high risk for PAD, we would typi-

cally assess coronary and peripheral artery function prior to ini-
tiation of therapy, which will most likely be an antiplatelet agent. 
J-PADD study suggests that beraprost was effective in increasing 
the levels of SPP without influencing the heart rate, and that it 
improves the QOL in HD patients with PAD. Beraprost sodium 
is suitable and would be preferable to aspirin as this agent does 
not have any further pleiotropic effects beyond antiplatelet ac-
tion. As beraprost also helps to protect endothelial and renal 
function, it offers the potential for more diverse clinical benefits 
and improved outcomes.

• Regarding the use of dietary phosphate restriction, it is impor-
tant that this does not also result in malnutrition and so the ad-
vice to the patient is to not restrict intake. In this case, we need 
to use phosphate binders or hemodialysis to reduce serum phos-
phate. Calcium-containing phosphate binders should absolutely 
be avoided. Patient pill burden is also an issue to be considered 
in optimal management. 
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