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ABSTRACT

Background : In hemodialysis patients, failure of arteriovenous fistula (AVF) is a serious problem. AVF
stenosis is dominant cause of vascular access failure. We hypothesized that vascular endothelial damage may
be involved in arteriovenous fistula (AVF) stenosis.
Methods : A cross-sectional observational survey was performed in 122 patients receiving maintenance
hemodialysis in January - April 2004. Serum levels of adiponectin, adhesion molecules (intercellular adhesion
molecule-1 ; ICAM-1 and vascular cell adhesion molecule-1 ; VCAM-1), and endothelial injury markers
(CD146 and thrombomodulin) were compared between 46 patients with AVF stenosis and 76 patients
without AVF stenosis to determine factors associated with AVF stenosis.
Results : The serum adiponectin level was significantly lower in patients with AVF stenosis compared to
those without AVF stenosis. Similarly, the serum levels of ICAM-1 and thrombomodulin were significantly
lower in patients with AVF stenosis, whereas the serum level of VCAM-1 was significantly higher in patients
with AVF stenosis. There were no significant differences in other parameters between the two groups.
Logistic regression analysis with the presence or absence of AVF stenosis as the dependent variable showed
that administration of an antihypertensive drug, VCAM-1, ICAM-1 and thrombomodulin were significantly
associated with the presence of AVF stenosis in hemodialysis patients.
Conclusion : The significant associations of administration of an antihypertensive drug, VCAM-1, ICAM-
1 and thrombomodulin with AVF stenosis suggest that endothelial injury may play a critical role in this

condition.
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INTRODUCTION

Vascular access failure is the dominant cause of morhidity
and a major cost in care for patients on hemodialysis'. 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 vein®. 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
unsatisfactory’. 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 library”.
Clinically, serum adiponectin levels are reduced in various
pathological states, including obesity, diabetes mellitus and
ischemic heart disease”°. Hypoadiponectinemia increases the
prevalence of ischemic heart disease by 2-fold’, 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 events®. Experimental data
suggest that adiponectin inhibits endothelial expression of
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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 TNF a®. Thus, adiponectin may serve as a regulator of

1. also found a

endothelial adhesion molecules. Malyszko et 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 vessels'. In uremic patients, inflammation also plays
an important role in development of atherosclerotic vascular
diseases'”. We previously reported significant changes in
serum adiponectin, adhesion molecules, and endothelial
cell injury markers in ESRD patients with peripheral artery
disease (PAD)". AVFs are arteriovenous anastomoses and
AVF stenosis mainly occurs at the venous limb or juxta-
anastomotic region of the AVE 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, S -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

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

Patients without AVF  Patients with AVF

stenosis stenosis P-value

N 76 46
Sex(Male/Female) 63/13 27/19 0.15
Age (years) 61.9+10.6 59.3+11.6 0.19
Duration of HD (month) 60 (10, 355) 60 (2, 343) 0.29
BMI 222+2.7 224+3.0 0.64
Diabetes mellitus (+/-) 37/39 21/25 0.85
LDL cholesterol (mg/dl) 101.1£259 92.5+29.4 0.10
HDL cholesterol(mg/dl) 4424129 40.5+13.2 0.13
Triglyceride (mg/dl) 123.2+46.6 108.5+50.4 0.09
Hemoglobin (g/dl) 102+1.2 10.0+ 1.0 0.48
Albumin (g/dl) 3.78+£0.47 3.82+0.34 0.62
KtV 1.25+0.20 1.32+0.28 0.19
PCR 0.85+0.11 0.86+0.16 0.99
%CGR 101.1+19.3 97.4+27.7 0.42
Adiponectin (pg/ml) 10.3 (1.3, 50.8) 6.8 (0.6, 33.8) 0.003
CD146 (ng/ml) 579.2+165.2 574.6 £155.0 0.88
Thrombomodulin (ng/ml) 56.8 £20.1 443+ 184 0.001
VCAM-1 (ng/ml) 2220.9 + 1341.3 42245+ 1631.5  <0.001
ICAM-1 (ng/ml) 303.8(18.7,1014.8)  190.3 (18.7,1213.9)  0.002
Medications

Antihypertensive drug (+/-) 37/39 27/19 0.35

Antiplatelet drug (+/-) 20/53 12/34 0.84

HD, hemodialysis; BMI, body mass index; PCR, protein catabolic rate ; %CGR, %creatinine

generation rate.

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 4C. The supernatants were decanted and frozen
at —80 C 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-Quant™ ELISA,
Marseille, France) and American Diagnostica (Greenwich,
CT, U.S.A.), respectively. A mean serum CD146 level of 273



+ 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 x° 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

First episode Plural episodes P-value

N 18 28

Sex(Male/Female) 9/9 18/10 0.37
Age (years) 56.3+10.4 61.2+12.1 0.16
Duration of HD (month) 54 (3, 300) 60 (2, 343) 0.99
BMI 229428 22.1+3.1 0.35
Diabetes mellitus (+/-) 7/11 14/14 0.55
LDL cholesterol (mg/dl) 90.4 £27.6 93.8+£29.8 0.70
HDL cholesterol(mg/dl) 414+152 39.9+12.0 0.71
Triglyceride (mg/dl) 104.7£35.1 114.0 £59.7 0.55
Hemoglobin (g/dl) 10.1+ 1.1 9.9+1.0 0.77
Albumin (g/dl) 3.84+0.30 3.81+0.36 0.76
Kt/V 1.22+0.29 1.38+£0.26 0.06
PCR 0.82+0.19 0.88+0.14 0.25
%CGR 99.6 +29.8 95.9 +26.6 0.67
Adiponectin (pg/ml) 7.8(2.2,31.8) 6.1 (0.6, 33.8) 0.14
CD146 (ng/ml) 558.1+159.5 585.2+154.0 0.59
Thrombomodulin (ng/ml) 48.1+18.8 41.9+18.1 0.26
VCAM-1 (ng/ml) 4202.1 + 1807.9 4238.9 +1542.0 0.94

ICAM-1 (ng/ml) 123.7(18.7,856.9) 243.9(26.9,1213.9)  0.07

Medications
Antihypertensive drug (+/-) 10/8 17/11 0.77
Antiplatelet drug (+/-) 2/16 10/18 0.09

Table 3. Multiple logistic regression analysis for the
presence of AVF stenosis in hemodialysis patients

Odds Ratio  95% Confidence Interval P-value
Male patient 0.315 0.052
Administration of an
antihypertensive drug 3.225 0.047
Adiponectin (pug/ml) 0.947 0.871 - 1.019 0.168
Thrombomodulin (ng/ml 0.957 0.926 - 0.985 0.005
VCAM-1 (pg/ml) 2.766 1.944 - 4.265 <0.001
ICAM-1 (ng/ml) 0.045 0.926 - 0.985 0.032
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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) 1 g/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 antibody'* **. 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 stenosis'®. 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 phenotype'’. In this study, there
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were no significant differences in serum adiponectin, ICAM-
1, VCAM-1 and thrombomodulin among hemodialysis patients
with AVF stenosis sub-grouped based on episode frequency.
These results indicate that changes of these inflammatory
markers in AVF stenosis may represent a common process of
damage regardless of episode frequency.

Inflammatory mediators play a key role in the pathogenesis
of atherosclerosis. Early atherosclerotic development involves
attraction and adherence of macrophages and lymphocytes
to, and subsequent transmigration through, the vascular
endothelium'®. Adhesion molecules (E-selectin, [CAM-I and
VCAM-I) are sequentially induced in endothelial cells within
a few hours by inflammatory mediators such as interleukin-1

(IL-1), tumor necrosis factor-a (TNF-a) , and interferon-
y (IFN-y)'** ICAM-1 and VCAM-1 are thought to
regulate the adherence and subsequent transmigration of
leukocytes across the vascular endothelium®. Serum levels
of ICAM-1 and VCAM-1 have reported to be associated with
inflammation, malnutrition, and death in patients with chronic
kidney disease”. However, elevation in serum VCAM-1 and
decrease of ICAM-1 were seen in patients with AVF stenosis
in our study. The reason for the different effects on serum
VCAM-1 and ICAM-1 is unclear. Both macrophages and
endothelial cells produce ICAM-1 in response to inflammatory
cytokines such as IL-1, TNF and IFN- y, whereas VCAM-
1 is mainly restricted to endothelial cells®. Moreover,
expression of VCAM-1, but not of ICAM-1, has been shown
to precede macrophage and T-lymphocyte recruitment to
atheromatous plaques™. In the rabbit aorta after balloon injury,
VCAM-1 shows strong endothelial expression but only weak
immunostaining in neointimal smooth muscle cells, whereas
ICAM-1 shows marked expression in neointimal smooth
muscle cells”. Chang et al. recently found that thrombosis in
AVFs is characterized by infiltration of abundant macrophages
in the vascular wall and accompanied by increased expression
of VCAM-1, IL-6 and TNF- a . Taken together with the
findings in Tanaka et al.”, elevation of serum VCAM-1 may
be a more sensitive reflection of endothelial injury in AVF
stenosis, compared to the ICAM-1 level. In the general
population, a high concentration of thrombomodulin may be
associated with decreased risk of coronary heart disease”, and
thrombomodulin concentrations serve as a useful marker for
endothelial cell damage. Lower thrombomodulin concentration
may play an important role in progression of coronary heart
disease™. The significant associations of administration of an
antihypertensive drug, VCAM-1, ICAM-1 and thrombomodulin
with AVF stenosis in logistic analysis suggest that endothelial
injury may be involved in AVF stenosis.

In summary, elevation in serum VCAM-1 levels and
decrease of serum ICAM-1 and thrombomodulin were found
in hemodialysis patients with AVF stenosis and this may
reflect endothelial injury in AVF stenosis. The significant
association of administration of anti-hypertensive drug,

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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