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Background: Fistula thrombosis in patients on maintenance hemodialysis is an important 
morbidity factor. Arterial or venous thrombotic events have been described as complications in 
patients on regular hemodialysis. This study was designed to evaluate the risk factors for 
arteriovenous fistula thrombosis. 

Methods: One hundred and seventy-one patients with arteriovenous fistula on maintenance 
hemodialysis were studied prospectively during a period of 14 months for any episode of 
arteriovenous fistula thrombosis, after anticardiolipin antibodies were assayed by ELISA. Other 
risk factors for thrombosis such as the presence of diabetes or hypertension, the use of 
erythropoietin (rhEPO), fistula site, gender, age, ultrafiltration, hypotension during dialysis, and the 
number of dialysis visits in a week were assessed. 

Results: Fifty-six percent of patients had IgG-anticardiolipin antibodies ≥ 10GPL, which was 
significantly correlated with dialysis duration (23.18 ± 24.56 months in patients with anticardiolipin 
antibodies ≤ 10GPL vs. 37.73 ± 36.35 months in patients with 20 ≤ IgG-anticardiolipin antibodies < 
40GPL). Within the 14 months of follow-up, 36 episodes of arteriovenous fistula thrombosis 
occurred in 31 patients (18.1%). Considering anticardiolipin antibodies and other risk factors in a 
Cox proportional hazard model, only fistula site (P = 0.021, RR = 2.48, CI = 1.14 – 5.37) and 
erythropoietin (Eprex) use (P = 0.021, RR = 10.92, CI = 1.43 – 83.02) seemed to have an influence on 
fistula patency. According to fistula site, the survival of brachiocephalic fistulas were significantly 
(P = 0.007) better than radiocephalic ones (1- and 3-year survival were 95% and 87% for upper, and 
88% and 72% for lower ones, respectively). 

Conclusion: Although the incidence of the anticardiolipin antibody was high in our patients, in 
the presence of other risk factors for thrombosis, we found no correlation between IgG-
anticardiolipin antibodies and arteriovenous fistula thrombosis. Instead, erythropoietin (Eprex) use 
and fistula site seem to have an important role in the correlation between IgG-anticardiolipin 
antibodies and arteriovenous fistula thrombosis.     
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Introduction 

 
hrombosis of arteriovenous commun-
ications used for chronic hemodialysis 
remains a major cause of morbidity in 

hemodialysis patients. In addition to significant 
morbidity, it has been estimated that about 500 $ 
million  is spent each year in the United States to 

create and maintain vascular access.1 A recent 
report of the US Renal Data System (USRDS) 
found an overall primary access patency rate of 
only 53% at one year.2 Intimal fibromuscular 
hyperplasia at the venous anastomosis may be an 
important factor associated with thrombosis.3 
Some other factors include: the presence of 
diabetes,4 the location of the graft,5 age of more 
than 65 years,2 hypoalbuminemia,6 elevated 
lipoprotein,7 hyperhomocycteinemia,8 and presence 
of anticardiolipin antibodies (ACLAs). The only 
definite risk factor for vascular access thrombosis 
is the placement of a synthetic graft rather than a 
native arteriovenous fistula (AVF). 
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Anticardiolipin antibody (IgG-ACLA) is 
strongly associated with venous and arterial 
thrombosis in patients with normal renal function.9 
Also, it has been suggested as a risk factor for 
renal allograft failure.10 The reported prevalence of 
elevated ACLA titers in dialysis patients varies 
widely in different studies from 0.7% – 69%.11 The 
mechanism of production of ACLA is still in 
doubt. While the relation between antiphospho-
lipids and hypergammaglobulinemia12 or anti-
DNA antibody13 was described previously, new 
observations suggest that the production of ACLA 
may be a reaction to the membranes to which the 
patients are exposed during hemodialysis.14 – 16 The 
objective of the present study was to evaluate the 
risk factors for AVF thrombosis, (AVFT) in 
patients on regular dialysis. 

  
Patients and Methods  

 
In this cohort study, 187 patients with end-stage 

renal disease (ESRD) undergoing chronic 
hemodialysis treatment in three centers in 
university-based teaching hospitals in Shiraz, Iran 
were analyzed. None of the selected patients had 
acute infection based on physical signs and 
laboratory data. Patients underwent conventional 
low-flux hemodialysis, using either a cuprophan or 
polysulofan hollow fibers dialyser without reusing, 
performed against a sodium acetate dialysate bath. 
The average length of each dialysis was 3 ½  
hours. Whenever thrombosis of an AVF occurred, 
a subclavian catheter was inserted and a new 
fistula was created at another site. 

After explaining the aims of the study and 
obtaining informed consent from each person 
included in the study, 10 mL of blood was obtained 
from the arterial line prior to the circulation of 
blood through the dialyser and was placed into 
glass tubes without the use of a syringe, using only 
arterial blood flow. Samples were centrifuged at 
3000 rpm for 15 min, within 1 ½ hours of 
sampling, at room temperature. For ACLA, the 
supernatant serum was quickly frozen and stored at 
–20°C.  

In all patients, age, duration of dialysis, and 
number of dialysis sessions in a week were 
assessed from their medical records. Prior history 
of AVFT, which was defined as the failure of 
patency after the first 30 days of placement was 
obtained through direct questioning. Only 
thrombotic events with complete vascular 

occlusion were reported.  
All selected patients, at the beginning of the 

study, were evaluated before each session for any 
signs of obstruction (absence of auscultatory sound 
or palpable thrill) and if present, Doppler 
ultrasonography was done as soon as possible to 
confirm complete obstruction by clotting.  

In each session, hypotension episodes and 
number of injections in each fistula were recorded 
on special forms. After the end of the study, those 
forms were analyzed as follows: if hypotension 
occurred in more than 50% of all sessions, it was 
considered as “hypotension during dialysis”. 
According to our hypothesis, the number of fistula 
injections, a minor trauma to the vessel’s intima, 
can be a risk factor for AVFT.  However, in our 
study centers, we did not see a significant increase 
in the injection number (more than two times) due 
to the personnel’s experience. During the 14 
months of follow-up, 42 patients (24.6%) expired 
and 36 (21.1%) were transplanted. Other fistula 
complications such as aneurysms or traumatic 
obstructions were excluded. Patients receiving 
methyldopa, hydralazine, or sodium valproate and 
those receiving aspirin for previous CVA or CHD 
were identified. 

Exclusion criteria: patients were excluded if 
they were diagnosed with SLE; if they had acute 
infection; or if they had any neoplastic disorders 
(all of these clinical conditions were previously 
related to the presence of ACLA).   

 
Laboratory procedures 

For ACLA, wells of ELISA plates were coated 
with cardiolipin in ethanol, and the ethanol 
evaporated at 4ºC overnight. Spectrophotometric 
evaluation indicated the presence or absence of 
ACLA. Results were obtained by reading the 
absorbance at 490 nm and values were reported as 
IgG phospholipid (GPL) units. Values were 
considered negative when ACLA < 10 GPL, low 
positive when 10 ≤ ACLA < 20 GPL, medium 
positive when 20 ≤ ACLA < 40 GPL, and highly 
positive when ACLA ≥ 40 GPL units.  

  
Statistical analysis 

Data are expressed as mean ± SD for 
continuous variables. Patients with positive and 
negative titers of ACLA were analyzed 
demographically. Factors suspected of being 
associated with thrombosis were compared 
between the two groups—those with and without 
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thrombosis—using the Pearson’s Chi-square test. 
The t-test was done for continuous variables as 
appropriate. The fistula survival was analyzed by 
Kaplan-Meier method. Covariates for fistula 
survival were analyzed using the Cox proportional 
hazard model. In this model, all nominal data were 
coded as either present or absent. Fistula patency 
was calculated since the insertion of fistula (in all 
cases prior to the beginning of the study) until the 
time of death, transplantation, or if no events had 
occurred, in September 2002. All P values reported 
are 2-sided and P values < 0.05 were considered 
statistically significant.  

                                           
Results 

 
Of 187 patients, 8 patients were excluded due to 

SLE, four with acute infection, and four due to 
malignancy at the onset of the study. There were 
116 males (67.8%) and 55 females (32.2%). All 
patients had either side-to-side brachiocephalic (n 
= 98) or radiocephalic (n = 73) AVFs that were 
patent at the beginning of the study, with palpation 
and auscultation. Diabetes (26.9%) was the most 
common cause of ESRD in our population. The 
majority of our patients (73.4%) were given 
subcutaneous erythropoietin [EPO; Eprex 
(Epoetinα)] in syringes containing 2000 IU/ 0.5 
mL once, twice, or 3 times weekly. Of those 
receiving EPO, 95% were on maintenance 
treatment. The mean ± SD for age and dialysis 
duration were 53.08 ± 15.3 years and 25.24 ± 
21.04 months, respectively, in our patients. Fistula 
follow-up time was 23.01 ± 21.53 months (range: 1 
– 144 months). Sixteen patients (9.4%) had 
previous AVFT. Seven of these (43%) experienced 
another AVFT during the follow-up period, which 
was significant in comparison to patients with no 
history of previous AVFT (43% vs. 15%, P < 
0.05). 

  
Fistula thrombosis 

Thirty-six episodes of AVFT, documented with 
Doppler ultrasonography, occurred in 31 patients 
(18.1%). Five patients experienced recurrent 
AVFT (more than 2 times) within our 14 months 
of follow-up period; 3 with low positive and 2 with 
IgG-ACLA < 10 GPL. Among patients who 
experienced AVFT during the study, 22.6% had a 
previous history of AVFT (7 out of 31), which was 
significantly higher than those who had not 
experienced previous thrombosis (9 out of 140) (P 

= 0.005). We found an increasing incidence of 
thrombosis among patients receiving Eprex 0, 1, 2, 
or 3 times weekly (4.5% to 14.3 % to 27.3% to 
27.3%, respectively). There was a significant 
difference in thrombosis between patients not 
receiving Eprex (3 out of 45) and those receiving it 
one, 2, or 3 times weekly (28 out of 126) ( P = 
0.02). Of the 171 AVFs, in lower fistulas, 
thrombosis occurred in 20 out of 73 and in upper 
ones, 11 out of 98 (27.4% vs. 11.2%, P = 0.007). 
Thrombosis among patients older than 45 (28 out 
of 127) years was significantly higher than patients 
younger than 45 (3 out of 44) (22% vs. 6.8%, P = 
0.016). Eleven out of 36 patients dialyzed with 
more than 3 liters ultrafiltration, experienced 
thrombosis. It was significantly more than those 
dialyzed with less than 3 liters ultrafiltration (20 
out of 134, P = 0.031) (Table 1). 

In order to define the influence of fistula site on 
the AVF survival, we used the Kaplan-Meier 
method (Figure 1). Patients who left the dialysis 
system, through death or transplant, were censored 
for this procedure. In this analysis, patients with 
upper AVF experienced longer survival than those 
with lower AVF (P = 0.007). Even if patients with 

Table 1. Access thrombosis during the study in 
171 patients. 
 AVFT (+) AVFT (–) P value 
Gender    

Male 19 97 0.38 
Female 12 43  

Age (years)    
<45 3 41  
≥45 288 99  

Cause of ESRD    
Diabetes and 
hypertension   

16 68 0.75 

Others 15 72  
Fistula site    

Brachiocephalic 11 87 0.007 
Radiocephalic 20 53  

Previous AVFT    
Yes 7 9 0.005 
No 24 131  

Eprex injection    
Yes 28 98  
No 3 42  

ACLA    
Positive 16 81 0.52 
Negative 15 59  

Hypotension 
during dialysis 

   

Yes 16 59 0.33 
No 15 81  

Ultrafiltration    
≥3  liters 11 25 0.029 
<3 liters 20 115  
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a previous history of AVFT were excluded, this 
significance persisted (P = 0.0144). Survival was 
not significantly different among patients with 
diabetes and hypertension, and did not 
significantly differ by gender. To determine the 
role of fistula site on fistula patency in the 
presence of other covariates, we analyzed the data 
using a Cox proportional hazard model (Table 2). 
As listed in Table 2, the only factors that 
significantly influenced fistula patency, were 
fistula site (P = 0.021, RR = 2.48, CI = 1.14 - 5.37) 
and Eprex use (P = 0.021, RR = 10.92, CI = 1.43 – 
83.02).  
 
ACLA titers and correlations 

Seventy-four patients (43.3%) had an IgG-
ACLA less than 10 GPL, 85 (49.7%) had an IgG-
ACLA between 10 to 20 GPL, 11 (6.4%) had an 
IgG-ACLA between 20 to 40 GPL, and only one 
patient had an IgG-ACLA that was equal to 40 
GPL. ACLA values were considered positive when 
they were greater than or equal to 10 GPL. Patients 
older than 55 years tended to have positive titers of 
ACLA more than patients younger than 55 years 
(61% vs. 51%); although, this was not statistically 
significant. Patients with low and medium positive 
titers of IgG-ACLA had been on dialysis longer 
and had a great number of dialysis sessions 
(dialysis duration × 4 × times of dialysis in a week) 
in comparison with patients with negative values 
(222.92 vs. 391.9 vs. 201.86, respectively, P = 
0.057 for low and medium, and P < 0.05 between 

negative and medium titers). Presence of ACLA 
was not more frequent in patients receiving 
methyldopa, hydralazine, or sodium valproate in 
comparison to those not receiving those drugs 
(38% vs. 58%). Instead, 10 out of 12 (83%) of 
patients using aspirin due to previous CVA or 
CHD had positive titers of IgG-ACLA. Among 
them, only one patient experienced AVFT. 

 
Discussion 

 
In recent years, there have been an increasing 

number of reports of ACLA in patients with non-
SLE disorders.17 – 19 For the first time, Gronhagen-

Months

160140120100806040200

C
um

 s
ur

vi
va

l

1.1

1.0

.9

.8

.7

.6

.5

.4

.3

Fistula site

Upper

Upper-censored

Lower

Lower-censored

 
Figure 1.  Kaplan-Meier method of analysis of thrombosis according to fistula site (“months” indicate 
duration of fistula since insertion till the end of study or thrombosis, in patients with AVFT). 

Table 2. Analysis of covariates by Cox 
proportional multivariate analysis. 
Covariates   RR 95% CI P value 
Age 1.03 1.000; 1.062 0.050 
Sex (female) 1.65 0.695; 3.942 0.255 
Diabetes (present) 1.28 0526; 3.131 0.583 
Hypertension 
(present)                     2.065 0.861; 4.952 0.104 

Number of dialysis  
episodes during one 
week (three) 

One 
Two 

 
 
 
1.817 
1.402 

 
 
 

0.460; 7.179 
0.523; 3.757 

 
 
 

0.394 
0.501 

Fistula site (upper) 2.48 1.145; 5.370 0.021 
Eprex use                    10.92 1.437; 83.027 0.021 
Positive ACLA 2.154 0.941; 4.930 0.069 
Ultrafiltration≥3L 1.775 0.794; 3.971 0.162 
Hypotension during 
dialysis 1.106 0.509; 2.406 0.799 

RR = relative risk. 
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Riska et al 20 reported the presence of ACLA in a 
hemodialysis population. Previously, it was 
reported that drug-related antibodies are 
predominantly IgM-ACLA rather than IgG class.21 

The prevalence of positive titers of ACLA in our 
population is high in comparison to other studies, 
as we considered it positive in patients with IgG- 
ACLA ≥ 10 GPL, while others have previously 
assumed it positive when it was more than 15 GPL 
or even 23 GPL. It has been speculated that ACLA 
arises as a response to foreign antigens present in 
bacteria,24 such as endotoxins that contain 
phosphate groups with similar distribution to 
cardiolipin. The correlation between ACLA titer 
and length of dialysis can be explained by the fact 
that these patients are regularly exposed to 
endotoxins present in the dialysate. Shorter periods 
of dialysis in our patients (24.2 ± 22.4 months) can 
explain the higher incidence of low titers of ACLA 
in comparison with higher titers in other published 
series (which reported 37 – 52 months of dialysis). 
Some studies believe that uremia is a form of an 
immunodeficiency state in which autoimmunity 
may develop due to altered immune function.25, 15 
They think that dialysis, because of the contact of 
blood with bioincompatible surfaces such as the 
dialyser, can exacerbate this autoimmunity.23 
Although in patients with SLE, the presence of 
ACLA has been associated with vascular 
thrombosis, the role of ACLA in thrombosis of 
vascular access in hemodialysis patients is still 
controversial. Our study was a large prospective 
one that showed no association between IgG-
ACLA and AVFT. Also, Fabrizi  et al,26 Chew et 
al,22 Prakash et al,16 Valeri et al,11and others14, 15, 19 

have found no significant association between high 
titers of IgG-ACLA  and AVFT, while others20, 27 

did find such an association.  
Like Dixon et al,28 our patients with 

radiocephalic (lower) fistulas had significantly 
more thromboses than patients with 
brachiocephalic (upper) fistulas (P = 0.014). 
Survival rates for fistula in the present study are 
better than those reported in recent studies. For 
upper AVF, cumulative 1- and 3-year patency rates 
have been reported to be between 67% to 84% and 
50% to 78%, respectively.29 – 32 For lower AVF, 
recent studies report 1- and 3-year patency rates of 
48% to 69% and 36% to 48%, respectively.33, 34, 37, 

38 In our study, 1- and 3-year patency was 95% and 
87% for upper and 88% and 72% for lower 
fistulas. Some other studies showed that upper 

fistulas can improve short-term outcomes in 
women, older patients, and those with diabetes for 
whom establishment of a lower fistula is 
difficult.35, 36 In our population, AVFT increases 
steeply with age (more than 45 years), a fact that 
has been confirmed by others.2, 37 It is possible that 
the vessel’s anatomy or other patient 
characteristics that were not recorded, influenced 
access thrombosis, a fact that can be confirmed by  
a significant relation between previous AVFT and 
new ones during the follow-up period (P < 0.05). 
The role of the surgeon in fistula patency also has 
been mentioned by Prischl et al38 and Dixon et al,28 
who showed it as a major factor in both short-term 
and long-term patency of radiocephalic fistulas. 
Most of our fistulas were created by various 
surgeons in different hospitals. So, we were unable 
to study the role of the surgeon in AVFT. Also, our 
study may not have had sufficient power to 
confirm some of the previously described risk 
factors such as decreased access flow as a predictor 
of thrombosis. 

Another theory for the occurrence of 
thrombosis in hemodialysis patients is homeostatic 
problems that may predispose them to 
hypercoagulability. There are some studies 
focusing on elevated factor VШ coagulant 
activity,39 decreased release of plasminogen 
activator in response to venous occlusion,40 
reduced platelet sensitivity to antiaggregatory 
prostacyclines,41 or reduced antithrombin Ш, 
protein S, and plasminogen.42 Regarding the role of 
EPO, studies are equivocal as to whether 
recombinant human erythropoietin (rhEPO) 
increases thrombosis in fistulas or not. Taylor et 
al43, 44 showed increased thrombin antithrombin Ш 
complex, collagen, and ADP aggregation in 
patients using EPO even when EPO was 
withdrawn. We also found an increasing incidence 
of thrombosis in EPO injectors (22% vs. 4.5% in 
those not using EPO, P = 0.02). On the contrary, 
Churchill et al45 believe that EPO does not increase 
the probability of fistula thrombosis. The latest 
discussion on the relation of EPO with thrombosis 
was by Ikegaya et al46 who think that thrombosis 
occurs at stenotic segments of fistula where they 
showed significant enhancement of erythropoietin 
receptors and transforming growth factor-β  
(TGF-B). 

          

Acknowledgment 
 
We acknowledge the Vice-Chancellor for 



J. Roozbeh, A. R. Serati, S. A. Malekhoseini  

Archives of Iranian Medicine, Volume 9, Number 1, January 2006 31

Research in Shiraz, Iran, for his financial support 
(project No. 80 – 1319) and the nurses of dialysis 
units at Shiraz hospitals for their assistance in 
collecting blood samples. 

                                  
References 

 
1 US renal data system (USRDS) 1997 annual data report. 

The National Institute of Health, National Institute of 
Diabetes, Digestive, and Kidney Disease, Bethesda. 
MD1997. 

2 Woods JD, Turenne MN, Strawderman RL, et al. 
Vascular access survival among incident hemodialysis 
patients in the United States. Am J Kidney Dis. 1997; 30: 
50 – 57. 

3 Swedberg SH, Brown BG, Sigley R, Wight TN, Gordon 
D, Nicholls SC. Intimal fibromuscular hyperplasia at the 
venous anastomosis of PTFE grafts in hemodialysis 
patients. Circulation. 1989; 80: 1726 – 1736. 

4 Windus DW, Jendrisak M, Delmez JA. Prosthetic fistula 
survival and complications in hemodialysis patients: 
effects of diabetes and age. Am J Kidney Dis. 1992; 19: 
448 – 452. 

5 Culp K, Flanigan M, Taylor L, Rothstein M. Vascular 
access thrombosis in new hemodialysis patients. Am J 
Kidney Dis. 1995; 26: 341 – 346. 

6 Churchill DN, Taylor DW, Cook RJ, et al. Canadian 
hemodialysis morbidity study. Am J Kidney Dis. 1992: 
19: 214 – 234. 

7 Goldwasser P, Michel MA, Collier J, et al.  Prealbumin 
and lipoprotein(a) in hemodialysis: relationships with 
patient and vascular access  survival. Am J Kidney Dis. 
1993; 22: 215 – 225. 

8 Fermo I, Vigano' D'Angelo S, Paroni R, Mazzola G, 
Calori G, D'Angelo A. Prevalence of moderate 
hyperhomocysteinemia in patients with early onset of 
venous and arterial occlusive disease. Ann Inter Med. 
1995; 23: 747 – 753. 

9 Harris EN, Chan JK, Asherson RA, Aber VR, Gharavi 
AE, Hughes GR. Thrombosis, recurrent fetal loss and 
thrombocytopenia. Predictive value of the anticardiolipin 
antibody test. Arch Intern Med. 1986; 146: 2153 – 2156. 

10 Ducloux D, Pellet E, Fournier V, et al. Prevalence and 
clinical significance of antiphospholipid antibodies in 
renal transplant recipients. Transplantation. 1999; 67:  
90 – 93. 

11  Valeri A, Joseph R, Radhakrishnan J. A large 
prospective survey of anticardiolipin antibodies in 
chronic hemodialysis patients. Clin Nephrol. 1999; 51: 
116 – 121. 

12 Laurell AB, Nilsson IM. Hypergammaglobulinemia, 
circulating anticoagulant, and biologic false positive 
Wassermann reaction, a study in two cases. J Lab Clin 
Med. 1957; 49: 694 – 707. 

13 Harris EN, Gharavi AE, Loizou S, et al. Crossreactivity 
of antiphospholipid antibodies. J Clin Lab Immunol. 
1985; 16: 1 – 6. 

14 Sitter T, Schiffl H. Anticardiolipin antibodies in patients 
on regular hemodialysis: an epiphenomenon? Nephron. 
1993; 64: 655 – 656. 

15 Garcia-Martin F, De Arriba G, Carrascosa T, et al. 
Anticardiolipin antibodies and lupus anticoagulant in 
end-stage renal disease. Nephrol Dial Transplant. 1991; 

6: 543 – 547. 
16 Prakash R, Miller CC 3rd, Suki WN. Anticardiolipin 

antibody in patients on maintenance hemodialysis and its 
association with recurrent arteriovenous graft thrombosis. 
Am J Kidney Dis. 1995; 26: 347 – 352. 

17 Loizou S, McCrea JD, Rudge AC, Reynolds R, Boyle 
CC, Harris EN. Measurement of anticardiolipin 
antibodies by an enzyme-linked immunosorbent assay 
(ELISA): standardization and quantitation of results. Clin 
Exp Immunol. 1985; 62: 738 – 745. 

18 Vaarala O, Palosuo T, Kleemola M, Aho K. 
Anticardiolipin response in acute infections. Clin 
Immunol Immunopathol. 1986; 41: 8 – 15. 

19 Sitter T, Spannagl M, Schiffl H. Anticardiolipin 
antibodies and lupus anticoagulant in patients treated 
with different methods of replacement therapy in 
comparison to patients with systemic lupus 
erythematosus. Ann Hematol. 1992; 65: 79 – 82. 

20 Gronhagen-Riska C, Teppo AM, Helantera A, Honkanen 
E, Julkunen H. Raised concentrations of antibodies to 
cardiolipin in patients receiving dialysis. BMJ. 1990; 
300: 1696 – 1697. 

21 Canoso RT, Sise HS. Chlorpromazine-induced lupus 
anticoagulant and associated immunologic abnormalities. 
Am J Hematol. 1982; 13: 121 – 129. 

22 Chew SL, Lins RL, Daelemans R, Zachee P, De Cleck 
LS, Vermylen J. Are antiphospholipid antibodies 
clinically relevant in dialysis patients? Nephrol Dial 
Transplant. 1992; 14: 1194 – 1198. 

23 Prakash R, Miller CC 3rd, Suki WN. Anticardiolipin 
antibody in patients on maintenance hemodialysis and its 
association with recurrent arteriovenous graft thrombosis. 
Am J Kidney Dis. 1995; 26: 347 – 352. 

24 Carroll P, Stafford D, Schwartz RS, Stollar BD. Murine 
monoclonal anti-DNA autoantibodies bind to endogenous 
bacteria. J Immunol. 1985; 135: 1086 – 1090. 

25 Quereda C, Pardo A, Lamas S, et al. Lupus-like in vitro 
anticoagulant activity in end-stage renal disease. 
Nephron. 1998; 49: 39 – 44. 

26 Fabrizi F, Sangiorgio R, Pontoriero G, et al. 
Antiphospholipid (aPL) antibodies in end-stage renal 
disease. J Nephrol. 1999; 12: 89 – 94. 

27 Page B, Yazbeck F, Zingraff J, et al. Clotting of vascular 
access in dialysis patients associated ACLA. Nephrol 
Dial Transplant. 1992; 7: 733. 

28 Dixon BS, Novak L, Fangman J. Hemodialysis vascular 
access survival: upper-arm native arteriovenous fistula. 
Am J Kidney Dis. 2002; 39: 92 – 101. 

29 Livingston CK, Potts JR 3rd. Upper arm arteriovenous 
fistulas as a reliable access alternative for patients 
requiring chronic hemodialysis. Am Surg. 1999; 65:  
1038 – 1042. 

30 Cantelmo NL, LoGerfo FW, Menzoian JO. 
Brachiobasilic and brachiocephalic fistulas as secondary 
angioaccess routes. Surg Gynecol Obstet. 1982; 155:   
545 – 548. 

31 Dunlop MG, Mackinlay JY, Jenkins AM. Vascular 
access: experience with the brachiocephalic fistula. Ann 
R Coll Surg Engl. 1986; 68: 203 – 206. 

32 Bender MH, Bruyninckx CM, Gerlag PG. The Gracz 
arteriovenous fistula evaluated. Results of the 
brachiocephalic elbow fistula in hemodialysis angio-
access. Eur J Vasc Endovasc Surg. 1995; 10: 294 – 297. 

33 Kalman PG, Pope M, Bhola C, Richardson R, Sniderman 



AVFT in patients on hemodialysis  

Archives of Iranian Medicine, Volume 9, Number 1, January 2006 32 

KW. A practical approach to vascular access for 
hemodialysis and predictors of success. J Vasc Surg. 
1999; 30: 727 – 733. 

34 Golledge J, Smith CJ, Emery J, Farrington K, Thompson 
HH. Outcome of primary radiocephalic fistula for 
haemodialysis. Br J Surg. 1999; 86: 211 – 216. 

35 Miller PE, Tolwani A, Luscy CP, et al. Predictors of 
adequacy of arteriovenous fistulas in hemodialysis 
patients. Kidney Int. 1999; 56: 275 – 280. 

36 Ascher E, Gade P, Hingorani A, et al. Changes in the 
practice of angioaccess surgery: impact of dialysis 
outcome and quality initiative recommendations. J Vasc 
Surg. 2000; 31: 84 – 92. 

37 Leapman SB, Boyle M, Pescovitz MD, et al. The 
arteriovenous fistula for hemodialysis access: gold 
standard or archaic relic? Am Surg. 1996; 62: 652 – 656. 

38 Prischl FC, Kirchgatterer A, Brandstatter E, et al. 
Parameters of prognostic relevance to the patency of 
vascular access in hemodialysis patients. J Am Soc 
Nephrol. 1995; 6: 1613 – 1618. 

39 Bern MM, Klumpar DI, Wheeler WE, Davis GL. Factor 
VШ complex in chronic renal failure: influence of 
protein C, fibrinolysis, and diabetes mellitus. Thromb 
Res. 1983; 31: 177 – 186. 

40 Winter M, Needham J, Mackie I, Cameron JS. Impaired 
vessel wall response to venous occlusion in patients with 

CRF on maintenance hemodialysis. Clin Nephrol. 1984; 
22: 307 – 313. 

41 Kristensen SD, Knudsen F, Nielsen AH, Ring T. 
Decreased platelet sensitivity to prostacyclin 
(epoprostenol) during hemodialysis. Clin Nephrol. 1984; 
21: 230 – 234. 

42 Vaziri ND, Gonzales EC, Wang J, Said S. Blood 
coagulation, fibrinolytic, and inhibitory proteins in end-
stage renal disease: effect of hemodialysis. Am J Kidney 
Dis. 1994; 23: 828 – 835. 

43 Taylor JE, McLaren M, Henderson IS, Belch JJ, Stewart 
WK. Prothrombotic effect of erythropoietin in dialysis 
patients. Nephrol Dial Transplant. 1992; 7: 235 – 239. 

44 Taylor JE, Belch JJ, McLaren M, Henderson IS, Stewart 
WK. Effect of erythropoietin therapy and withdrawal on 
blood coagulation and fibrinolysis in hemodialysis 
patients. Kid Int. 1993; 44: 182 – 190. 

45 Churchill DN, Muirhead N, Goldstein M, et al. 
Probability of thrombosis of vascular access among 
hemodialysis patients treated with recombinant human 
erythropoietin. J Am Soc Nephrol. 1994; 4: 1809 – 1813. 

46 Ikegaya N, Yamamoto T, Takeshita A, et al. Elevated 
erythropoietin receptor and transforming growth factor-
beta1 expression in stenotic arteriovenous fistulae used 
for hemodialysis. J Am Soc Nephrol. 2000; 11:  
928 – 935. 

 
 
 
 
 


