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Abstract
Background/Objective: The National Kidney Foundation Kidney disease outcomes quality initiative guidelines suggest that the creation of more native arteriovenous 
fistulas (AVFs) would improve the quality of life of end stage renal failure patients. However, the ability to comply with this suggestion is affected by the failure rate of 
AVFs mainly due to thrombosis. Heparin is a well-accepted treatment to prevent thrombosis in general but has not been suggested in arteriovenous fistula. This study 
was conducted to investigate the effect of intraoperative systemic heparin on the thrombosis rate and associated morbidities over a duration of six weeks. 

Methods: Ninety patients who were planned recipients of a radiocephalic fistula, presenting between July 2015 and July 2016, were randomized equally into a heparin 
and a placebo group. The drug was administered intraoperatively before clamping the artery. Patients were followed up for a duration of six weeks in vascular clinic. 

Results: A total of 88 patients completed the study, with 44 patients per group. The group who received intraoperative systemic heparin showed a significant reduction 
in early (9.1% versus 25%, p = 0.05) and late (9.1% versus 27.3%, p = 0.03) thrombosis rate, with a better maturation rate (86.4% versus 68.2%, p = 0.04). There was 
no statistically significant difference between the groups in terms of hematoma and infection.

Conclusion: This study revealed the beneficial outcomes, and no adverse effects, associated with intraoperative administration of heparin in radio cephalic fistula. 
Better maturation was demonstrated in the heparin group at the six-week follow-up. These beneficial outcomes should be taken into consideration in the future to 
change the practice of AVF creation. 
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Introduction
Epidemiology

The prevalence of end-stage renal failure (ESRF) is increasing 
worldwide. In 2010, the estimated prevalence of chronic kidney 
disease in the United States was 16.8%, while in Asia, the prevalence 
was reported to range from 12.1% to 17.5%. [1-4] In Malaysia, 
the incidence and prevalence of patients with ESRF on dialysis 
has increased from 325 per million population in 2001 to 762 per 
million population in 2009 [5].

Native arteriovenous fistulas

Dialysis is an essential element of ensuring a better quality of life 
for ESRF patients throughout the world. The ground-breaking article 
by Brescia and Cimino in 1966 revolutionized the creation of the 
vascular access, and the Cimino fistula was soon used in almost all 
dialysis patients [6]. In current practice, a native arteriovenous fistula 
(AVF) is the preferred choice of vascular access due to its longevity, 
and the decreased risk of infection compared to peritoneal and catheter 
directed dialysis. In 2006, the National Kidney Foundation’s Kidney 
Disease Outcomes Quality Initiatives (KDOQI) guidelines for vascular 
access called for an increase in native AVF placement to improve 
patients’ quality of life and survival. 

Native arteriovenous failure and thrombosis
Although the creation of vascular access is necessary for 

hemodialysis, maintenance of a well-functioning vascular access 
remains the most challenging problem for hemodialysis therapy. A 
recent meta-analysis demonstrated a 20-50% primary failure rate 
for native AVF [7]. Proper access-site selection, improved surgical 
techniques, and appropriate management of complications are the 
main factors for long-term success. 

Thrombosis is a well-documented cause of AVF failure. Primary 
failure of native AVFs occurs as a result of thrombosis within the first 
few weeks following the surgical creation (early thrombosis), causing 
inadequate maturation of the vein [8]. AVF has the highest incidence 
of thrombosis in the early period (30 days postoperative) [9].

Heparin use in radiocephalic fistulas

Based on the literature, thrombosis can be effectively prevented by 
heparin. Heparin acts as an anticoagulant, preventing the formation 
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was carried out by the investigator, using the designated assessment 
form, to check for wound infection, hematoma, and thrombus. After 
four weeks, the investigator assessed the maximum diameter at the 
fistula site, flow rate, and thrombosis. After six weeks, the maturity 
of the fistula was assessed. We used the standard criteria according to 
KDOQI for maturation assessment: fistula flow rate > 600 ml/min, the 
diameter of vein > 6 mm, the length of vein > 6 cm, and skin thickness < 
6 mm. Ultrasound was performed by trained personnel using a colour 
Doppler ultrasound. 

Sample size

The calculated sample size of the study was 90 patients, inclusive of 
an expected drop-out rate of 10%. The risk/prevalence difference taken 
was 27%, with a two-sided significance level of 95%. The power of the 
study was 80%. 

Selection criteria

Inclusion criteria: Participants were ESRF patients or chronic 
kidney disease (CKD) approaching end stage patients, referred to the 
vascular clinic for dialysis access creation. ESRF was defined as complete 
loss of renal function. CKD approaching end stage was defined as CKD 
stage five, with plans to start dialysis. Other inclusion criteria included:

1.	 Minimum age of 18 years;

2.	 Vessel diameter more than 2 mm;

3.	 Radiocephalic fistula only.

Exclusion criteria:

1.	 Patients on warfarin therapy;

2.	 Patients with a platelet count < 100 x 109/L;

3.	 History of coagulopathy; 

4.	 Pregnant patients; 

5.	 Patients with active gastrointestinal bleeding. 

Approval for this study was obtained from the UKM Medical Centre 
Clinical Research Ethics Committee (UKM 1.5.3.5/244/FF-2015-
277). Informed written consent was obtained from the patients after 
explaining the purpose and procedures of the study. Confidentiality 
was strictly maintained throughout the study. 

Results
Patient demographics

A total of 90 patients were included in the study based on our 
sample size calculation; 45 patients were included in each study group. 
One patient in the heparin study group was lost to follow-up after 
the first week, and one patient in the placebo group passed away two 
weeks after surgery (secondary to fluid overload). In total, 88 patients 
completed the study. describe the patient demographics and surgical 
factors of the study population, respectively.

The mean age of the patients in the heparin group was 54.6 years 
with a standard deviation (SD) of + 13.5 years; in the placebo group, 
mean age was 54.6 years with a SD of + 12.5 years. There was a higher 
male to female ratio in both the heparin and placebo groups; 62% and 
57.8% of males, respectively.  

Diabetes mellitus and hypertension were the most prevalent 
comorbidities in the study groups. In the heparin group, 40 patients 

of clots and the extension of existing clots within the blood. Although 
the KDOQI guidelines are very clear regarding the sequence in which 
access sites should be used, as well as the timing of access creation, the 
guidelines do not address the use of systemic anticoagulation during 
the access creation. 

Ravari et al. and Farzaneh [10,11] have advocated the use of 
intraoperative heparin during dialysis access creation. However, 
D’Ayala et al. and Bhomi et al. [12,13]. reported a risk of intraoperative 
bleeding and no beneficial effect in patency.

These studies focused on native AVF. A recent meta-analysis of 
the literature found an increased risk of failure of radiocephalic fistulas 
(41%) compared with brachiocephalic fistulas (15%) over a six-week 
period [14].

In this study, we aim to compare the effect of systemic heparin on 
the early thrombosis rate of radiocephalic fistulas. We hope that the 
use of systemic heparin intraoperatively will reduce the thrombosis 
rate among radiocephalic fistula patients. This will be a useful adjunct 
to increase the creation of radiocephalic fistulas, consistent with the 
KDOQI guidelines. 

Objectives

The primary objective of this study was to assess the thrombosis 
rate in radiocephalic fistula patients given intraoperative heparin. The 
secondary objectives were to evaluate postoperative complications in 
patients given intraoperative heparin, and to evaluate hemodynamic 
changes in radiocephalic fistula patients given intraoperative heparin.

Methods
Sample design

This study was a prospective double blinded randomized study 
conducted within the Department of Vascular Surgery, Serdang 
Hospital, Selangor, Malaysia.

Patient enrolment

Patients were permitted to participate in the research after 
receiving vein mapping with a color Doppler ultrasound, which was 
performed by trained personnel, according to the inclusion criteria. 
Consent to participate in the study was obtained in the clinic. Patients 
were admitted to the ward on the scheduled day for surgery. 

Randomization and administration of heparin/saline

Upon admission to the ward, patients were given two envelopes to 
choose from. Envelope A contained heparin 80 unit/kg and envelope 
B contained saline 10 ml (this information was only available to the 
assigned medical officer preparing the drugs, until the study analyses 
had been completed). On the day of surgery, the drug or saline was 
prepared by the assigned medical officer. The surgery was carried 
out according to standard practice. The drugs were administered 
intraoperatively through a branula on the opposite hand, after cross-
clamping of arteries. A period of three minutes was given before 
proceeding with anastomosis. 

Postoperative follow-up assessment

Patients were discharged after surgery according to standard 
practice. They were given verbal and written advice to return to the 
hospital or to contact the investigator should any problems arise 
in relation to the fistula. The patients were reviewed in the vascular 
clinic one, four, and six weeks post-surgery. The week one assessment 
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(88.9%) were diabetic; 41 patients (91.1%) in the placebo group were 
diabetic. All patients in the placebo group were hypertensive while only 
40 (88.9%) in the heparin group were hypertensive. Statistical analysis 
of patient demographic factors, including age, gender, and underlying 
comorbidities, revealed no statistically significant differences. 

The mean duration of ESRF in the heparin group was 13.45 months 
with a SD of + 10 months, whereas in the placebo group it was 14.5 
months with a SD of + 20 months, p = 0.37. The number of patients 
with a previous history of dialysis was also similar in both groups.  

Surgical factors

Surgical factors that were analyzed in this study were the duration of 
surgery and the level of experience of the surgeons. Surgeons who had 
performed more than 100 cases were defined as seniors, and less than 
100 cases were defined as juniors. Twenty-three of the fistulas in the 
heparin group (51.1%) were created by junior surgeons and 22 (48.9%) 
were created by senior surgeons. In the placebo group, 21 fistulas 
(46.7%) were created by junior surgeons, and 24 (53.3%) fistulas were 
created by senior surgeons (Tables 1 & 2). Statistical analysis showed 
both groups were also identical in term of duration of surgery and level 
of surgeons’ experience.  

Outcomes

Table 3 shows the outcomes of the study population. Three patients 
(6.8%) in the heparin group and three patients (6.8%) in the placebo 
group had an infection at the fistula site which was treated with oral 
antibiotics. Hematoma at the fistula creation site was noted in eight 
patients (18.2%) in the heparin group and five patients (13.3%) in the 
placebo group. In all patients, hematoma was managed conservatively. 

Statistical analysis of these two outcomes revealed no significant 
difference between the heparin and placebo group. 

Thrombus at the first postoperative week was found in four patients 
(9.1%) in the heparin group and 11 patients (25.0%) in the placebo 
group. At the fourth postoperative week, the number of thrombus in 
the heparin group remained the same whereas in the saline group, there 
was one additional thrombus detected. This difference in thrombus 
incidence at the 1st week and 4th week was statistically significant 
between the groups. 

A total of six radiocephalic fistulas (13.6%) failed to mature in the 
heparin group compared to 14 (31.8%) patients in the placebo group. 
Thrombosis was the cause for maturation failure in four out of 
six cases in the heparin group (66%), and 12 out of 14 cases in the 
placebo group (86%).  

Discussion
Superiority of arteriovenous fistula

AVF has been recommended by KDOQI as the preferred method 
for dialysis access to maintain long term patency and avoid the risk 
of catheter-related complications. Despite this, there has been on-
going concern regarding the patency of AVFs. Patency of AVFs 
has been reported to range from 50-60% [15-17]. George et al [18]. 
have addressed factors, such as increasing age, presence of diabetes, 
smoking, peripheral vascular disease, predialysis hypotension, and 
vessel characteristics, as directly influencing AVF patency. 

Evidence on heparin use
Thrombosis has been a well-documented cause for the primary 

failure of native AVFs. A literature review of previous studies [10-
13] on the use of systemic intraoperative anticoagulants to prevent 
thrombosis reported variable findings. Ravari et al. and Farzaneh 
[10,11].  have advocated towards the use of intraoperative heparin 
during dialysis access creation. D’Ayala et al. and Bhomi et al. [12,13].  
have shown an increased risk of bleeding intraoperatively and no 
beneficial effect on patency. Due to variation in the reported outcomes, 
heparin has not been widely used during fistula creation. In the current 
study, we have improved upon the limitations described in previous 
papers, to describe the benefits and associated morbidities of using 
heparin for fistula creation. 

Limitations of previous studies

Nguyen and colleagues [19] reported that brachiocephalic fistulas 
were superior in terms of maturity and patency rate, compared 
to radiocephalic fistulas. These differences were supported by the 
smaller caliber of radiocephalic vessels. In order to analyze the effect 
of heparin, the type of native vascular access should be standardized. 
All the previous studies, except Bhomi [13] et al., included all types of 
native arteriovenous fistulas in their research. In our study, we have 
only selected radiocephalic fistulas to avoid this selection bias. 

Study group
Significance

Heparin Placebo
Age (Mean/SD) 54.64 (+ 13.35) 56.64 (+ 12.58) 0.51a

Dialysis Yes 23 (51.1%) 23 (51.1%) 1.00b

Gender Male 28 (62.2%) 26 (57.8%)
0.07b

Female 17 (37.8%) 19 (42.2%)
Duration of ESRF (Month) 
(Mean/SD) 13.45(10.04) 14.50 (20.22) 0.37a

Previous fistula 13 (28.9%) 12 (26.7%) 0.81b

Diabetes 40 (88.9%) 41 (91.1%) 1.00c

Hypertension 40 (88.9%) 45 (100%) 0.06b

Peritoneal dialysis 6 (13.3%) 8 (17.8%) 0.56b

Ischaemic heart disease 2 (4.4%) 1 (2.2%) 1.00c

Peripheral vascular disease 14 (31.1%) 12 (26.7%) 0.64b

Patients on antiplatelet 
therapy 4 (8.9%) 7 (15.6%) 0.52c

Table 1. Descriptive summary of patient demographic factors for each study group.

a Mann Whitney U Test
b Chi Square Test
c Fisher Exact Test

Study group
Significance

Heparin Placebo
Duration of surgery 

(minutes) (Mean/SD) 64.22 (+ 9.22) 63.93 (+ 12.71) 0.99a

Level of surgeon 
experience Junior 23 (51.1%) 24 (53.3%)

0.83b

Senior 22 (48.9%) 21 (46.7%)
Dilatation 8 (17.8%) 10 (22.2%) 0.60b

a Mann Whitney U Test
b Chi Square Test

Table 2. Descriptive summary of surgical factors for each study group.

 
Study group

Significance
Heparin Placebo

Thrombus after one week 4 (9.1%) 11 (25.0%) 0.05a

Thrombus after four weeks 4 (9.1%) 12 (27.3%) 0.03a

Infection  3 (6.8%)  3 (6.8%) 1.00a

Hematoma 8 (18.2%) 5 (13.3%) 0.53b

Maturation 38 (86.4%) 30 (68.2%) 0.04b

Table 3. Comparison of outcomes between heparin and placebo group.

a Fisher Exact Test
b Chi Square Test
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Effect of heparin on thrombosis

The role of heparin in the creation of radiocephalic fistulas is 
to reduce the formation of thrombi caused by hypercoagulability 
secondary to turbulent blood flow or shear stress [20]. Following 
administration, heparin stays in the blood for at least 1-2 hours, which 
helps in prevention of early thrombus. Prevention of early thrombus 
indirectly maintains the patency and assists the fistula maturity. Our 
study has shown that heparin does reduce early and late thrombus 
formation, three times more than the placebo group. This highlights 
the importance of heparin in native AVF creation. In addition, there 
have been few studies demonstrating the effect of heparin on the vessel 
wall and cellular blood elements in isolation from their effects on 
blood coagulation and other plasma systems [21]. This can also be a 
contributing factor to the observed favorable outcomes in the heparin 
group patients.

Concern regarding adverse effects of heparin

Intraoperative bleeding has been documented in studies by 
D’Ayala and Bhomi [12,13]. We believe the assessment of bleeding in 
minor surgery, such as fistula creation, is very subjective. None of these 
studies described in detail the method of assessment of bleeding. In 
addition, non-blinding of the surgeons and their attitude towards or 
against an intervention may directly be transferred to participants, in 
term of perioperative bleeding [22]. In this study, we also blinded the 
surgeons to avoid any treatment bias. 

Wang et al. [23]. conducted a double blinded randomized study 
and reported a higher number of hematomas in the heparin group; 
however, this was not statistically significant, p = 0.60. The power of 
this study was limited by the smaller sample size (46 patients). On the 
contrary, in our paper, we found no significant difference in infection 
and hematoma rate between the heparin and placebo groups. These 
results confirm the safe use of heparin in the creation of radiocephalic 
fistulas [24] raised concerns in his meta-analysis regarding the 
monitoring of baseline coagulation studies, and the effects of 
administered anticoagulation in the intervention group in laboratory 
studies. The anticoagulant effect of heparin following administration 
of an 80 U/kg bolus dose usually lasts for a maximum of two hours. 
Laboratory monitoring does not confer any cost-benefit outcome in 
this group of patients. However, we did analyze clinical outcomes, such 
as hematoma and wound infection in our treatment group patients, 
which can directly be ascribed to bleeding-related complications. Our 
data show no significant differences between the heparin and placebo 
group. 

Effect of heparin on the maturation of fistulas

Maturation should be the final assessment of the fistula creation. 
None of the previously published studies on heparin usage in AVFs 
have analyzed maturation as their final outcome. We believe it is an 
important final clinical outcome that should be given emphasis. In this 
study, we randomized patient age and gender to reduce the confounding 
effects, and to show the absolute effect of heparin. Our analysis showed 
better maturation rate in the group given intraoperative heparin. By 
reducing the early thrombosis rate, heparin indirectly improved the 
maturation rate in our study.

Limitations

In our study, patients were followed up for six weeks following 
surgery, corresponding to our objective to assess the primary patency 
and maturation. However, an extended follow-up for a year might 

provide concrete evidence on the long-term outcome of patients 
with intraoperative heparin administration. Further, in future, we 
hope more centers can participate in this study to assess the efficacy 
of intraoperative systemic heparin. This will help to eliminate any 
possible biases due to variation in vessels among populations, and 
surgery techniques among centers.  

Conclusion
This study has demonstrated that the use of heparin efficiently 

reduces the thrombosis rate in small caliber native AVFs (radiocephalic), 
with no statistically significant adverse effects. The improved clinical 
outcome also improved the hemodynamics of the fistula, and resulted 
in a superior maturation rate compared to the non-intervention group. 
Based on our randomized double blinded study, we recommend a wide 
change of practice to use of intraoperative systemic heparin in native 
AVF creation.
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