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Serum endothelial injury markers in hemodialysis patients with 
arteriovenous fistula stenosis

INTRODUCTION
　Vascular access failure is the dominant cause of morbidity 
and a major cost in care for patients on hemodialysis1. A native 
arteriovenous fistula （AVF） remains the preferred route for 
primary vascular access in hemodialysis patients because of 
its superior patency and lower complication rates compared to 
a prosthetic graft. The most frequent complications of AVF are 
stenosis of the anastomosis, draining vein or central vein, and 
subsequent thrombosis in the outflow vein2. Interventional 
therapy such as percutaneous transluminal angioplasty （PTA） 
remains the standard treatment for salvage of stenosis, but 
the long-term patency rate after interventional therapy is 
unsatisfactory3. Reduction of the rate of AVF complications 

requires improved understanding of the vascular pathology of 
thrombosed or stenotic AVFs.
　Adiponectin is an adipose tissue-derived cytokine that 
was first identified in a human adipose tissue cDNA library4. 
Clinically, serum adiponectin levels are reduced in various 
pathological states, including obesity, diabetes mellitus and 
ischemic heart disease5, 6. Hypoadiponectinemia increases the 
prevalence of ischemic heart disease by 2-fold7, which suggests 
that adiponectin might act as a protective factor against 
atherosclerosis. Serum adiponectin levels are also lower in 
hemodialysis patients with cardiovascular events compared 
to those without cardiovascular events8. Experimental data 
suggest that adiponectin inhibits endothelial expression of 
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duplex ultrasound and angiography with identification of 50% 
or more stenosis. The number of past AV fistula stenoses 
for which interventional therapy was needed for salvage of 
stenosis was recorded for each treated patient. Eighteen 
patients had no previous episode of AVF stenosis； 18 had one 
previous episode； and 10 had two or more previous episodes. 
The data for the 46 patients （27 men, 19 women） with AVF 
stenosis were compared with those for the 76 patients （63 
men, 13 women） without AVF stenosis. Informed consent for 
participation in the study was obtained from all patients.

Table 1. Clinical data for hemodialysis patients with and 
without arteriovenous fistula (AVF) stenosis

Laboratory measurements
　Blood samples were collected from the AVF immediately 
before the beginning of a routine 4-hour HD session for 
performance of routine blood tests in patients without AVF 
stenosis in April 2004. In patients with AVF stenosis, blood 
samples were collected from the AVF immediately before the 
beginning of interventional therapy in January-April 2004. 
Blood was collected in tubes and centrifuged at 3,000 rpm for 
15 min at 4℃. The supernatants were decanted and frozen 
at –80 ℃ until analyses. We determined serum levels of 
adiponectin, ICAM-I, VCAM-I, CD146 and thrombomodulin. 
Serum adiponectin was measured by ELISA using an 
Adiponectin ELISA kit （Otsuka Pharmaceutical Co., Osaka, 
Japan）. Serum levels of adhesion molecules （ICAM-I and 
VCAM-I） were measured by ELISA using kits from R&D 
Systems （Quantikine, Abingdon, UK）. Mean serum levels of 
ICAM-I and VCAM-I of 230.3 ± 47.4 ng/ml and 550 ± 45 ng/
ml, respectively, were determined by R&D Systems using 
these ELISAs in 50 healthy adults. Markers of endothelial 
cell injury （CD146 and thrombomodulin） were assayed using 
ELISA kits purchased from Biocytex （Cy-QuantTM ELISA, 
Marseille, France） and American Diagnostica （Greenwich, 
CT, U.S.A.）, respectively. A mean serum CD146 level of 273 

adhesion molecules, including vascular cell adhesion molecule 
（VCAM-I）, intercellular adhesion molecule （ICAM-I） and 
E-selectin, which is triggered by inflammatory cytokines such 
as TNFα9. Thus, adiponectin may serve as a regulator of 
endothelial adhesion molecules. Malyszko et al.10 also found a 
relationship between serum levels of adiponectin and CD146, 
a marker of endothelial cell injury, and suggested that CD146 
might mitigate endothelial cell damage and cardiovascular 
risk.
　It is well known that inflammation plays an important role in 
the development of various atherosclerotic vascular diseases 
in the general population, and thrombotic events in the human 
coronary artery have been associated with inflammation of 
affected vessels11. In uremic patients, inflammation also plays 
an important role in development of atherosclerotic vascular 
diseases12. We previously reported significant changes in 
serum adiponectin, adhesion molecules, and endothelial 
cell injury markers in ESRD patients with peripheral artery 
disease （PAD）13. AVFs are arteriovenous anastomoses and 
AVF stenosis mainly occurs at the venous limb or juxta-
anastomotic region of the AVF. Therefore, we hypothesized 
that inflammation similar to that in arteries might be involved 
in stenotic AVFs, which is venous disease. Changes in serum 
adiponectin, adhesion molecules （VCAM-I and ICAM-I） and 
endothelial cell injury markers （CD146 and thrombomodulin） 
in AVF stenosis in hemodialysis patients have not been 
examined in detail. In the present study, we measured the 
serum levels of these molecules in patients on maintenance 
hemodialysis with and without AVF stenosis. The goal of this 
study was to determine clinical and laboratory correlates of 
AVF stenosis in hemodialysis patients. 

METHODS
Subjects
　This study was performed in Kotouda-Jin Clinic in January-
April 2004. The subjects were 122 hemodialysis patients （90 
men, 32 women） with a mean age of 60.9 ± 11.0 （mean ± 
SD） years old （range： 35 to 85 years old） （Table 1）. The 
median duration of hemodialysis was 60 months （range： 2 
to 355 months）. Patients with active infection, autoimmune 
disease, liver dysfunction, or malignancies were excluded 
from the study. Sixty-four patients were being treated with 
antihypertensive drugs （angiotensin-converting enzyme 
inhibitors, β-blockers or calcium channel blockers） at the 
time of the study. Thirty-two patients were being treated 
with antiplatelet drugs. The causes of renal failure included 
diabetic nephropathy in 58 cases, glomerulonephritis in 28, 
nephrosclerosis in 23, polycystic kidney disease in 7, and 
unknown in 6 cases. All patients had native radiocephalic AV 
fistulas： on the right arm in 14 cases and on the left arm in 
108 cases. All 46 patients with AVF stenosis were treated with 
interventional therapy in Kotoda-Jin Clinic during January-
April 2004. The presence of AVF stenosis was confirmed by 
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RESULTS
　The clinical profiles of the patients with / without AVF 
stenosis are shown in Table 1. There were no significant 
differences in sex, age, duration of HD, BMI, LDL, HDL, 
triglyceride, hemoglobin, albumin, Kt/V, protein catabolic 
rate （PCR） and creatinine generation rate （%CGR） 
between patients with and without AVF stenosis. The mean 
serum adiponectin level in patients with AVF stenosis was 
significantly lower than that in patients without AVF stenosis 
（6.8 （0.6, 33.8） vs. 10.3 （1.3, 50.8）μg/ml, P<0.01）. Serum 
ICAM-1 and thrombomodulin were significantly lower and 
serum VCAM-1 was significantly higher in patients with AVF 
stenosis. There was no significant difference in serum CD146 
between patients with and without AVF stenosis.
　Of the 46 patients with AVF stenosis, 18 patients had first 
episode of AVF stenosis and 28 had plural episodes. Data 
for these sub-groups of patients are shown in Table 2. There 
were no significant differences in any measured parameters 
between patients with first and plural episodes. 
　To identify risk factors for AVF stenosis, multiple 
logistic regression analysis was performed with VCAM-1, 
thrombomodulin, ICAM-1, male patients, administration of 
an antihypertensive drug, and adiponectin as independent 
variables and the presence or absence of AVF stenosis as 
the dependent variable. In this analysis, administration of an 
antihypertensive drug, thrombomodulin, VCAM-1 and ICAM-
1 were significantly associated with a risk of AVF stenosis in 
hemodialysis patients （Table 3）.

DISCUSSION
　Many factors have been associated with shorter survival of 
vascular access, including older age, black ethnicity, synthetic 
AV graft, small vein size, diabetes mellitus, erythropoietin 
therapy, increased haematocrit, reduction of fistula flow, 
hypoalbuminemia, increased lipoprotein, and the presence 
of anti-phospholipid antibody14, 15. Identification of cellular 
processes and proteins involved in AVF stenosis is also 
increasingly common. In this study, there were no significant 
differences in routine serum parameters between patients 
with and without AVF stenosis. However, there were 
significant differences in serum adiponectin, thrombomodulin, 
ICAM-1, and VCAM-1, which suggest that these molecules 
might be involved in the development of AVF stenosis.
　Neointimal hyperplasia occurring at the venous limb 
or juxta-anastomotic region of the AVF is a fundamental 
mechanism contributing to AVF stenosis16. Neointimal 
hyperplasia progressively encroaches upon the vascular 
lumen, diminishes blood flow, and promotes thrombus 
formation secondary. While the basis of neointimal hyperplasia 
is uncertain, essential features of this lesion include 
proliferation and migration of smooth muscle cells and the 
phenotypic switch of smooth muscle cells from a contractile to 
a proliferative and synthetic phenotype17. In this study, there 

± 70 ng/ml was determined by Biocytex in 61 healthy adults 
and a mean serum thrombomodulin level of 4.46 ± 1.36 ng/ml 
was determined by American Diagnostica in 55 healthy adults. 
Other parameters were measured by standard laboratory 
methods. We calculated Kt/V based on dialyzer clearance 
of urea, using the prescribed blood and dialysate flow （K）, 
treatment time （t）, and anthropometric volume （V） in the 
formula of Daugirdas.
Statistical analyses
　Values are shown as the mean ± SD for normally 
distributed data and as the median （minimum, maximum） 
for non-normal distributions, unless otherwise noted. 
Comparisons between groups with or without AVF stenosis 
were analyzed by unpaired t-test for normally distributed 
data, by Wilcoxon rank sum test for non-normal distributions, 
and by x2 test for nominal variables （Tables 1 and 2）. 
Logistic regression analysis was performed to examine the 
relationships of demographic, clinical and laboratory variables 
with the presence of AVF stenosis. VCAM-1, thrombomodulin, 
ICAM-1, male patients, administration of an antihypertensive 
drug, and adiponectin were included in logistic regression 
analysis （Table 3）. All analyses were conducted using JMP 
ver. 8 （SAS Institute, Cary, NC, USA） software. P<0.05 was 
considered to be significant.

Table 2. Clinical data in patients with AVF stenosis 
based on episode frequency

Table 3. Multiple logistic regression analysis for the 
presence of AVF stenosis in hemodialysis patients
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VCAM-1, ICAM-1 and thrombomodulin with AVF stenosis 
suggests that vascular inflammation may play a critical role 
in AVF stenosis. Measurement of serum VCAM-1, ICAM-
1, and thrombomodulin may be useful for prediction of native 
AVF stenosis in hemodialysis patients. However, our study 
is limited due to its cross-sectional nature. The association 
between endothelial injury marker, adhesion molecules and 
AVF stenosis requires confirmation in prospective studies 
based on outcome measures such as mortality and incidence 
of AVF stenosis.
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要　　約

【目的】透析患者ではバスキュラーアクセス機能不全は予後に影響を及ぼす重大な問題である。今回 動静脈シャント狭
窄（AVF stenosis）と adiponectin・接着因子について検討し，AVF stenosisに特異的な因子を検討した。
【方法】維持期血液透析患者122名を対象に AVF stenosis既往を有する群46名と有さない群76名に分け，横断研究にて検
討した。パラメーターとして血中 adiponectin, vascular cell adhesion molecule （VCAM-1）, intercellular adhesion molecule- 1 
（ICAM-1）, Thrombomodulin, CD146濃度を測定した。
【結果】AVF stenosis保有群では adiponectin濃度は非保有群に比して有意に低値だった。血中 ICAM-1, thrombomodulin
濃度は保有群では有意に低値であり，VCAM-1濃度は逆に高値を示した。ロジステック回帰分析では降圧剤の内服者，
VCAM-1, ICAM-1, Thrombomodulinが AVF stenosisの説明因子として挙げられた。
【考察】降圧剤の内服者，VCAM-1, ICAM-1, Thrombomodulinが AVF stenosisの説明因子として挙げられ，血管内皮障害
が AVF stenosisに関与していることが示唆された。
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