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ABSTRACT Objective: The aim of the present study is to evaluate the relationship between demographic characteristics, hematological and 
biochemical parameters, and elements of the coagulation system that may predispose a person to thrombosis or to anatomical and 
functional parameters in Doppler ultrasonography scanning and the maturation and adequacy of arteriovenous fistulas.

Materials and Methods: Overall, 36 patients who underwent a native arteriovenous fistula operation were included. Bio-
chemical parameters, hematological parameters, the coagulation system, and a Doppler ultrasonography evaluation were 
performed before an arteriovenous fistula operation on day 1 after the fistula operation and at the time point when the 
arteriovenous fistula became dysfunctional.

Results: A thrombus occurred between 1 and 73 days (mean: 28.4±26.1) in 10 patients. It was found that the female 
gender (p<0.001), presence of thrill (p=0.014), quality of vein (p<0.001), peak systolic velocity and end-diastolic velocity of 
the radial artery at the snuffbox region on day 1 after the operation (p=0.035 and p=0.049, respectively), and the cephalic 
vein diameter in the Brescia–Cimino region (p=0.011) were associated with thrombosis formation. No relation was found 
among blood pressure, fistula region, quality of artery, spasm of artery and vein, hematologic and biochemical parameters, 
coagulation parameters, active protein C resistance, anti-cardiolipin antibody, D-dimer, C-reactive protein, or erythrocyte 
sedimentation rate and thrombosis formation (p>0.05).

Conclusion: Thrombosis occurs at a relatively early period in approximately a quarter of arteriovenous fistulas. Female 
gender, quality of vein, and the absence of thrill in the post-operative period are important factors in thrombosis formation.
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INTRODUCTION

A good access for hemodialysis requires the matching of some requirements such as being ready for use as soon 
as possible, providing sufficient blood flow with a dialysis machine, easy and safe cannulation, enabling repeated 
cannulation, and long-term sufficiency (1). Native arteriovenous (AV) fistulas, which are the most commonly used 
access line, enable sufficient and repeated hemodialysis applications and improves the rate of survival and quality 
of life in patients with end-stage renal disease (ESRD) when performed timely in an appropriate anatomic location 
using a fine technique (2, 3). The most-preferred sites for AV fistulas are the wrist (radial-cephalic) as the first choice 
and the elbow (brachial-cephalic) as the second choice. The most suitable anastomosis technique is side-to-end, in 
which the end of the vein and distal segment of the artery are used (3-5).

Several factors, including age, diseases that cause renal failure, degree of renal failure and probability of curing, 
blood pressure and hydration, existence of complications and co-morbid disease, status of arm vessels, urgency of 
initiating dialysis, and life expectancy, play roles in the selection of the vascular access method and access site (6, 
7). Factors that affect the maturation of a fistula include the type of surgical technique, high blood pressure, hand 
and finger exercises, and the selective obstruction of major venous branches. The utilization of larger veins, high 
blood pressure, the brachial artery instead of radial artery, utilization of a side-to-end anastomosis method, and 
anti-coagulant and/or anti-platelet therapy positively affects fistula maturation, while advanced age, obesity, female 
gender, diabetes, myocardial infarction, coronary bypass, stroke, history of thromboembolic events, systemic co-
agulability, arterial and venous spasms, and low mean arterial pressure have a negative effect (8-13). The selection 
of the fistula site and assessment of fistula maturation, adequacy, and function can be easily and rapidly achieved 
at the bedside without any complication by Doppler ultrasonography (US) (8).

In patients with ESRD, factors that have the potential to influence the maturation and adequacy of AV fistula inter-
ventions, such as demographic characteristics, hematological and biochemical parameters, elements of the coagu-
lant system that may predispose a person to thrombosis, and anatomic and functional features of vessels used as 



determined by Doppler US, were assessed in those patients where 
an AV fistula was preferred as the access line for hemodialysis in 
the present study.

MATERIALS and METHODS

Patient selection and flow chart
The present study was performed on 36 patients overall [11 fe-
males (30.6%) and 25 males (69.4%)] between the ages of 20 and 
76 years (mean age 51.1±15.4 years) who had been admitted 
and underwent native AV fistula operation by the same surgeon to 
receive hemodialysis for ESRD. The patients were informed about 
the study, and their written consents were obtained. The study was 
approved by the İnönü University Ethic Committee. The duration 
of chronic renal failure (CRF) and ESRD diagnosis varied from 3 to 
49 months (mean: 7.2±12.5 months) and 3 to 25 months (mean: 
4.6±5.7 months), respectively, whereas hemodialysis duration var-
ied in days (mean: 8.0±6.6 days).

It was found that there was hypertension in 22 (61.1%) patients, 
dyslipidemia in 8 (22.2%), coronary artery disease in 8 (22.2%), and 
a history of smoking and alcohol use in 10 (27.8%) and 2 (5.6%) 
patients, respectively. On obtaining the medical history of patients, 
the use of anti-hypertensive drugs, ACE inhibitors, calcium channel 
blockers, erythropoietin, calcium carbonate or calcium acetate, ac-
tive vitamin D, statin, acetylsalicylic acid, or aluminum were detected 
in 17 (47.2%), 7 (19.4%), 10 (27.8%), 9 (25%), 9 (25%), 3 (8.3%), 
6 (16.7%), 2 (5.6%), 1 (2.8%) patients, respectively.

In total, 29 (80.6%) patients were receiving hemodialysis by cath-
eter, with the duration of catheterization varying between 1 and 
28 days (mean: 6.5±6.7 days). The catheterization sites were the 
right jugular vein in 28 patients, left jugular vein in 1, right subcla-
vian in 4, and right femoral in 3. Age, gender, etiologic cause of 
renal failure, known duration of disease, duration of hemodialysis, 
and drugs previously used were recorded for all patients. While it 
was found that the etiologic causes were diabetes in 9, chronic 
glomerulonephritis in 7, polycystic renal disease in 3, obstructive 
nephropathy in 3, and amyloidosis in 2 patients, no etiologic cause 
could be documented in 12 patients.

The patients were monitored for fistula maturation, complications, 
and function during AV fistula maturation time and then at least for 
4 months. Patients with poor general status, infection, peripheral 
artery disease, and extremity amputation due to unknown reasons, 
inconvenient by the Allen test, vessel calcification in the upper limb 
on radiography, or previous AV fistula operation were excluded.

The appropriate anatomic localization for the AV fistula was con-
firmed by Doppler US evaluation before the operation in patients 
with a proper Allen test and without vessel calcification in the up-
per limb radiograph. Structural properties, diameter, flow volume, 
flow velocity, and resistive index (RI) of the vessels were assessed 
by Doppler US. In patients, complete blood count, biochemical 
parameters, coagulation tests, auto-immune antibodies, electrocar-
diography, and P-A chest radiography were assessed before the 
operation. The upper limb, which was considered as suitable for 
AV fistula operation, was preserved in terms of intravenous inter-
ventions over 1 week before AV fistula operation, and no anti-
platelet therapy was warranted.

Arteriovenous fistula was made at the most distal localization 
as possible in the arm without a hemodialysis catheter. Quality, 
spasm, and diameter of the artery and vein were assessed and 
recorded during surgery. A snuffbox-type fistula was performed 
in 32 patients (88.9%), whereas a Brescia-Cimino type was per-
formed in 4 (11.1%). The presence of thrill was assessed after the 
operation. No bleeding or any other complication occurred during 
surgery. Thrill in AV fistula was detected in 23 patients (63.9%) 
during the operation. Pulse but not thrill was observed in 13 pa-
tients (36.1%).

Biochemical and hematological measurements and Doppler US 
evaluation were re-performed on day 1 after the operation.

Eligibility as the hemodialysis access site and maturation of the AV 
fistula were confirmed by physical examination, and AV fistula was 
started to be used for hemodialysis in patients who had maturation.

In the follow-up of the AV fistula, blood flow of the fistula and the 
presence of thrombus were assessed in terms of failure by Doppler 
US in patients in whom the blood flow could not be detected by 
auscultation and palpation. AV fistula failure was detected in 10 
patients (27.8%), and simultaneous biochemical and hematologi-
cal tests, coagulation tests, and auto-immune antibody tests were 
performed in these patients.

Operation technique
The most appropriate region in the forearm to achieve AV fistula 
was pre-operatively detected via venous and arterial inspection and 
palpation. It was attempted to form a fistula at the most distal 
region as possible. The snuff box region was first choice in appro-
priate cases, whereas a fistula of the standard Brescia-Cimino wrist 
region was preferred as the second choice.

All the fistula procedures were performed under local anesthesia 
with 2% prilocaine through a 2–4 cm skin incision. Antibiotic pro-
phylaxis (0.5 g cefazoline) and 5000 IU intravenous heparin were 
given to all patients immediately before surgery. Snuff box and 
Brescia-Cimino fistula were performed with a side-to-end anasto-
mosis technique between the cephalic vein and radial artery by 
continue stitches using 7/0 or 8/0 polypropylene sutures. In cases 
in which end-to-side anastomosis was performed, a cephalic vein 
ligation and intersection was performed following dissection of the 
artery and vein, and then anastomosis was made up to the radial 
artery after the artery was dilated with heparinized saline solution 
by using a 20 gauge catheter.

Low molecular weight heparin (2–0.3 mL Fraxiparine, S.C) was 
given for 72 h after surgery.

Allen test
All modified Allen tests were performed by the same researcher. 
After observing waves by a pulse oximetry attached to the index 
finger, a forceful pressure was applied both on the radial and ulnar 
artery until fluctuation disappears while the patient’s hand was in 
the supine position. Thereafter, pressure on the radial artery was 
ended and the time passing until fluctuation re-appears on pulse 
oximetry and the palmar color returns normal was recorded. The 
same procedure was also performed for the ulnar artery. Patients 
with a time longer than 10 s were excluded from the study (14).
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Doppler US evaluation
Duplex Doppler US evaluation was performed by the same re-
searcher using the same device (HDI 5000, Philips Medical Sys-
tems, Bothell; WA) and CL10-5 probe. Anatomical (diameter) and 
functional (peak systolic flow rate, end-diastolic velocity, RI, flow 
volume, mean velocity, fistula output, and fistula volume) param-
eters were assessed during evaluation.

Bleeding time
Bleeding time tests were performed using the muff of a sphygmo-
manometer. The muff was compassed to the upper limb and then 
inflated until 40 mmHg and fixed at this level. A horizontal, super-
ficial incision was made at the inner surface of the forearm using 
a sterile lancet or bistoury, paying attention to the subcutaneous 
veins. A blood drop was removed every 30 s by a blotter without 
touching the insult. The time passing until the superficial bleeding 
stopped was taken as the bleeding time.

Hematological and biochemical parameters
Complete blood counting was performed on samples taken into 
tubes using a Coulter Lh750 Analyzer incelendi (Backman Coulter, 
Seri No: AH07077-USA).

Biochemical tests were performed using an Olympus AU2700 and 
Au Olympus AU600. 3 cc blood samples were taken and cen-
trifuged for 10 min at 3000 g. After the serum was separated, 
glucose, blood urea nitrogen, creatinine, calcium phosphate, lipids, 
protein, and albumin levels were measured; also parathormone 
levels were measured in the same serum by a chemiluminescent 
immunoassay (Immulite 2000) method.

C-reactive protein (CRP) levels were measured by Dade Behring 
Marburg GmbH using N High Sensitivity CRP reagent in serum, 
which was obtained by centrifuging for 10 min at 3000 g. The 
result was expressed as mg/mL.

2 cc blood samples were centrifuged for 10 min at 3000 g, and 
the serum obtained was divided into aliquots and stored at −20°C. 
Then, all the anti-cardiolipin antibodies (IgG and IgM) measure-
ments were collectively performed by enzyme immunoassay (EIA) 
by LABOTEC after thawing the aliquots at room temperature. An 
anti-cardiolipin antibody (IgG and IgM) level ≥10 IU/mL is con-
sidered as positive (+), while levels <10 IU/mL are considered as 
negative (-).

For protein C, protein S, and APC (active protein C resistance), 2 
cc blood samples were taken into tubes containing sodium citrate, 
and then centrifuged for 5 min at 3000 g. The serum was frozen 
at −20°C and then collectively tested.

The prothrombin time (STA-Neoplastine Cl Plus kit), active partial 
thromboplastine time (STA-C.K Prest kit), fibrinogen (STA-Fibrino-
jen kit), D-dimer (Liatest D-Dimer kit, Latex Agglutination), protein 
C (STA-Staclot Protein C kit, chromogenic method), and protein 
S (STA-Free Protein S kit chromogenic method) tests were per-
formed by using STA-Compact.

Statistical analysis
The collected data were analyzed by using SPSS version 10.0 
Statistic Software (SPSS; Cary, NC, USA). The results were ex-
pressed as the mean±standard deviation. The Mann–Whitney U 
test, Independent samples t-test, and Friedman test were used for 
comparisons between groups with or without fistula failure. Factors 
related to fistula failure were evaluated by using regression analysis. 
The Pearson test was used for the correlation analysis. P<0.05 was 
considered as statistically significant.

RESULTS

It was found that the time for maturation of the AV fistula, throm-
bus formation, and Allen test at the radial artery varied between 10 
and 44 days (mean: 18.9±8.7), 1 and 73 days (mean 28.4±26.1), 
and 2 and 10 s (mean: 4.9±2.3), respectively. Age, time in Allen 
test and duration of CRF, ESRD, hemodialysis, catheterization, and 
fistula maturation were found to be similar between cases with AV 
fistula failure and without (p>0.05) (Table 1).

On the initial assessment, no difference was found in systolic and 
diastolic blood pressure, glucose, blood urea nitrogen, creatinine, 
uric acid, calcium, phosphate, parathormone, total protein, albu-
min, lipid profile, erythrocyte sedimentation rate (ESR), bleeding 
time, APC resistance, PT, APTT, hemoglobin, hematocrit, fibrin-
ogen, protein C, protein S, ACA IgG and IgM antibodies, and 
D-dimer levels between groups with functional and dysfunctional 
fistula, while the CRP value (65.6±42.4 vs 39.1±34.8 mg/dL, 
p=0.021) was found to be higher in the group with dysfunctional 
fistula. On basal Doppler US evaluation, the diameters of the radial 
artery (0.2±0.01 cm vs 0.3±0.1 cm, p=0.045) and the cephalic 
vein in the Brescia-Cimino region (0.1±0.1 cm vs 0.2±0.05 cm, 

Table 1. Comparison of demographic parameters in patients with functional (n=26) and nonfunctional (n=10) AV fistula

 Nonfunctional AV fistula group Functional AV fistula group 
 Mean±standard deviation Mean±standard deviation 
 (minimum-maximum) (minimum-maximum) p

Age (years) 50.0±15.0 (20-50) 50.8±15.7 (22-76) >0.05

Duration of CRF (months) 6.9±15.1 (1-49) 7.3±11.7 (1-37) >0.05

Duration of ESRD (months) 4.4±7.9 (1-25) 2±4.7 (1-25) >0.05

Duration of hemodialysis (days) 9.8±5.1 (5-21) 8.4±8.5 (1-31) >0.05

Duration of Allen test at the radial artery (s) 5.3±2.4 (2-10) 4.7±2.3 (2-9) >0.05

Duration of fistula maturation (days) 20.0±11.0 (12-34) 18.6±8.4 (10-44) >0.05

AV: arteriovenous; CFR: chronic renal failure; ESRD: end-stage renal disease
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p=0.003) were found to be smaller in cases with thrombus forma-
tion, while other ultrasonographycal parameters were similar in 
both groups (Table 2).

On the assessment on day 1 after operation, it was found that 
ESR (104.1±23.4 vs 81.9±36.2 mm/h, p=0.04) and prothrom-
bin time (24.1±17.3 vs 14.6±2.0 s, p=0.041) were higher in the 
group with dysfunctional fistula, while the other parameters were 
similar in both groups. On simultaneous Doppler US evaluation 
in the group with thrombus formation, it was found that the end-
diastolic velocity of the radial artery (21.7±33.6 vs 34.5±29.8 
cm/s, p=0.049) and cephalic vein (14.5±20.4 vs 35.2±39.2 
cm/s, p=0.019) in the snuff box region and the peak systolic ve-
locity (68.4±29.8 vs 100.9±50.9 cm/s, p=0.025), end-diastolic 
velocity (22.4±18.7 vs 49.7±30.5 cm/s, p=0.011), flow volume 
(83.6±84.1 vs 208.4±171.2 mL/min, p=0.019) and mean veloc-
ity (16.4±15.1 vs 37.9±24.7 cm/s, p=0.004) of the radial artery 
in the Brescia-Cimino region were lower, and also the cephalic vein 
diameter was smaller in the same group (Table 3).

On evaluation of Doppler US in the group with dysfunctional fis-
tula, it was found that the RI of the radial artery in the snuff box 
region first decreased (p<0.05) and thereafter increased (p<0.05) 
(0.8±0.1 vs 0.5±0.3 vs 0.7±0.3, respectively), while the peak sys-
tolic velocity (9.2±4.8 vs 28.4±24.2 vs, 4.4±3.2, respectively) and 
end-diastolic velocity of the cephalic vein in the snuff box region 
(4.7±1.9 vs, 14.5±10.2 vs 2.4±2.0, respectively) first increased 

and thereafter decreased (p<0.05). In addition, an initial marked 
increase and then a decrease were found in the diameter of the 
radial artery in the Brescia-Cimino region (4.9±3.1 vs 16.4±12.1 
vs, 4.3±2.7, respectively) (p<0.05).

When structural features of vessels in the fistula region were 
considered, it was seen that the fistula output (244.6±284.8 vs 
363.1±202.1 mL/min, p=0.045) and velocity (78.1±99.6 vs 
116.0±72.7 cm/s, p=0.04) were lower in patients with thrombus 
formation. No difference was found regarding AV fistula localiza-
tion, and the diameter of the artery and vein used, and the duration 
of AV fistula maturation between both groups.

When assessed by regression analysis, it was found that the fol-
lowing factors had no effect on the formation of thrombus: cardio-
thoracic index on P-A chest radiography, evidence of left ventricle 
hypertrophy on the ECG, anatomical region, quality of artery, 
spasm of artery and vein, biochemical parameters, lipid profile, 
ESR, bleeding time, PT, APTT, arterial hypertension, diabetes mel-
litus, APC resistance and fibrinogen, protein C, protein S, ACA 
IgG and ACA IgM, D-dimer, and CRP levels (p>0.05). It was de-
tected that female gender (p<0.001), thrill on post-operative pe-
riod (p=0.014), using a good quality vein for fistula (p<0.001), 
peak systolic velocity of the radial artery in the snuff box region on 
day 1 after operation (p<0.035), and the pre-operative cephalic 
vein diameter at Brescia-Cimino region (p=0.011) were effective 
factors on thrombus formation.

Table 2. Comparison of Doppler US findings at baseline in patients with thrombus (n=10) and functional AV fistula (n=26)

 Thrombus  Functional AV fistula
 Mean±standard deviation  Mean±standard deviation 
 (minimum–maximum)  (minimum–maximum) p

Peak systolic velocity of the radial artery at the snuffbox (cm/s) 53.1±16.9 (22.0–73.2) 63.2±23.4 (28–119) >0.05

End-diastolic velocity of the radial artery at the snuffbox (cm/s)  11.2±5.9 (3–19.5) 11.9±5.1 (4–27) >0.05

Resistive index of the radial artery at the snuffbox  0.8±0.1 (0.7–0.9) 0.8±0.1 (0.6–0.9) >0.05

Flow volume of the radial artery at the snuffbox (mL/min) 18.3±13.9 (2.7–46.0) 31.9±28.1 (3.6–119) >0.05

Diameter of the radial artery at the snuffbox (cm) 0.2±0.01 (0.2–0.3) 0.3±0.1 (0.2–0.4) 0.045

Mean velocity of the radial artery at the snuff box (cm/s) 6.2±4.6 (1.5–15.3) 9.0±6.5 (1–25) >0.05

Peak systolic velocity of the cephalic vein at the snuffbox (cm/s) 9.2±4.8 (4.7–19.7) 7.8±3.7 (0–20) >0.05

End-diastolic velocity of the cephalic vein at the snuffbox (cm/s) 4.7±1.9 (3–8.5) 4.0±1.9 (0–10) >0.05

Diameter of the cephalic vein at the snuffbox (cm) 0.2±0.1 (0.1–0.3) 0.2±0.1 (0–0.3) >0.05

Peak systolic velocity of the radial artery at the Brescio-cimina region (cm/s) 53.9±15.6 (22–71) 60.2±19.2 (23–105) >0.05

End-diastolic velocity of the radial artery at the Brescio-cimina region (cm/s) 10.0±4.2 (5–18) 10.2±3.6 (4–18) >0.05

Resistive index of the radial artery at the Brescio-cimina region  0.8±0.1 (0.7–0.9) 0.8±0.1 (0.7–0.9) >0.05

Flow volume of the radial artery at the Brescio-cimina region (mL/min) 16.6±11.2 (3.6–39.6) 26.8±21.5 (3–88) >0.05

Diameter of the radial artery the at Brescio-cimina region (cm) 0.3±0.03 (0.2–0.3) 0.3±0.1 (0.2–0.4) >0.05

Mean velocity of the radial artery at the Brescio-cimina region (cm/s) 4.9±3.1 (1.5–11) 6.7±4.4 (1–17) >0.05

Peak systolic velocity of the cephalic vein at the Brescio-cimina region (cm/s) 8.6±11.6 (0–38) 10.5±6.0 (2.5–32) >0.05

End-diastolic velocity of the cephalic vein at the Brescio-cimina region (cm/s) 4.1±4.6 (0–15) 5.5±3.8 (2–60) >0.05

Diameter of the cephalic vein at the Brescio-cimina region (cm) 0.1±0.1 (0–0.18) 0.2±0.05 (0.1–0.3) 0.003

AV: arteriovenous; US: ultrasonography 
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DISCUSSION

Arteriovenous fistula is functional in 73–93% of patients after the 
first AV fistula operation (15-18). The complication rate is 20% 
(10% wound, 8% ischemia) in patients undergoing AV fistula op-
eration, since 24% of these patients need repeated intervention 
(3, 19). More thrombosis develops in radial-cephalic fistulas than 
in brachial-cephalic ones. The stenosis rate in the early phase is 
found to be higher in fistulas performed at the snuff box level than 
with fistulas performed at either the wrist or more proximal levels. 
The rate of thrombosis formation varies between 4% and 18% per 
year (15-18). The follow-up period was 4 months in our patients, 
and fistula failure due to thrombosis developed in ten (27.7%) of 
our patients. Of these patients, the snuff box fistula was used in 
eight (22.2%) patients and the Brescia-Cimino type in patients 
(5.5%). In our study, however, we failed to show that the anatomic 
site of the AV fistula is an effective factor in the development of 
thrombus.

While 1 month is adequate before achieving safe dialysis in some 
AV fistulas, 6 months is needed in some others (20). In a study by 
Rayner et al. (21), they failed to show a relationship between can-
nulation of fistula at any time 14 days after operation and the risk 
of failure. In our study, there was no relationship between cannula-
tion time of the fistula after operation and an increase in the risk 
of AV fistula failure.

Thrombosis of the fistula is an important cause of morbidity in pa-
tients receiving hemodialysis, and, in most cases, thrombosis and 
venous stenosis in AV fistula cause vascular access failure (22-24). 
Thrombosis developing in the first 30 days after surgical interven-
tion usually suggests a surgical problem (25). Intimal fibromuscular 
hyperplasia at the venous anastomosis site should be an important 
factor related to thrombosis. Factors other than problems in surgi-
cal technique, such as inappropriate veins and insufficient arterial 
flow, have also been discussed (9, 26). By pre-operatively selecting 
artery matching with the following criteria, early fistula failure de-
creases to 8.3% from 36.0%: artery in non-dominant upper limb, 
lumen 2 mm or larger and a good response to compression, no 
evidence of stenosis, an available segment ≥3 mm, and absence of 
obstruction or stenosis in ipsilateral veins (13). The non-dominant 
upper limb was used in our patients. Vascular structures and fis-
tula functions were inspected and assessed by Doppler US during 
intervention. Changes in the quality of the artery and vein were 
detected in six of ten cases in which AVF failure developed. The 
quality of vein was found to be an effective factor in the emergence 
of thrombosis, while it was found that the diameter of vessels had 
no effect on thrombus formation. In the present series, the emer-
gence of thrombosis was found to be one of the most common 
causes of AV fistula failure, and the duration of thrombosis varied 
between 1 and 73 days. In our study, the most important reasons 
for thrombosis formation at a relatively early period after operation 
could be linked to the surgical technique and the vascular structures 
used for the fistula operation.

Table 3. Comparison of Doppler US findings at day 1 after operation in patients with thrombus (n=10) and functional AV fistula (n=26) 

 Thrombus  Functional AV fistula
 Mean±standard deviation  Mean±standard deviation
 (minimum–maximum) (minimum–maximum) p

Peak systolic velocity of the radial artery at the snuffbox (cm/s) 53.9±57.1 (0–180.0) 63.1±37.3 (16–114) >0.05

End-diastolic velocity of the radial artery at the snuffbox (cm/s)  21.7±33.6 (0–107.0) 34.5±29.8 (5–71.9) 0.049

Resistive index of the radial artery at the snuffbox  0.5±0.3 (0–0.9) 0.6±0.3 (0.3–1.8) >0.05

Flow volume of the radial artery at the snuffbox (mL/min) 76.6±165.9 (0.0–542.0) 86.6±88.1 (7.2–388.6) >0.05

Diameter of the radial artery at the snuffbox (cm) 0.2±0.1 (0–0.4) 0.3±0.1 (0.2–0.5) >0.05

Mean velocity of the radial artery at the snuffbox (cm/s) 13.7±18.9 (0–60.2) 19.2±13.8 (2–46) >0.05

Peak systolic velocity of the cephalic vein at the snuffbox (cm/s) 28.4±34.2 (0–109) 57.4±55.4 (6–186) >0.05

End-diastolic velocity of the cephalic vein at the snuffbox (cm/s) 14.5±20.4 (0–67) 35.2±39.2 (4–136) 0.019

Diameter of the cephalic vein at the snuffbox (cm) 0.2±0.1 (0–0.4) 0.3±0.07 (0.1–0.5) >0.05

Peak systolic velocity of the radial artery at the Brescio-cimina region (cm/s) 68.4±29.8 (20.1–116) 100.9±50.9 (34–260) 0.025

End-diastolic velocity of the radial artery at the Brescio-cimina region (cm/s) 22.4±18.7 (7–69) 49.7±30.5 (3–116) 0.011

Resistive index of the radial artery at the Brescio-cimina region  0.7±0.2 (0.4–0.9) 0.5±0.2 (0.3–0.9) >0.05

Flow volume of the radial artery at the Brescio-cimina region (mL/min) 83.6±84.1 (4.8–277) 208.4±171.2 (14.4–730) 0.019

Diameter of the radial artery at the Brescio-cimina region (cm) 0.3±0.1 (0.2–0.4) 0.3±0.1 (0.2–0.4) >0.05

Mean velocity of the radial artery at the Brescio-cimina region (cm/s) 16.4±15.1 (2–51.4) 37.9±24.7 (4–86) 0.004

Peak systolic velocity of the cephalic vein at the Brescio-cimina region (cm/s) 16.7±31.0 (0–99.6) 20.7±21.6 (4–93) >0.05

End-diastolic velocity of the cephalic vein at the Brescio-cimina region (cm/s) 9.5±18.2 (0–58.3) 11.9±13.9 (2–60) >0.05

Diameter of the cephalic vein at the Brescio-cimina region (cm) 0.2±0.2 (0–0.6) 0.2±0.04 (0.1–0.3) >0.05

AV: arteriovenous; US: ultrasonography
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Several factors have been investigated in order to establish the 
etiology of thrombosis and AV fistula failure. In studies investigat-
ing these issues, miscellaneous outcomes could be found regarding 
the effects of identical factors on thrombosis and AVF due to the 
selected patient population, follow-up period, surgical technique, 
experience of the surgical team, and the protocols used in the 
management and usage of AV fistula (9, 10, 25, 27). Data about 
potential risk factors for thrombosis and AV fistula failure, such as 
age, gender, smoking, hypertension, diabetes, hypotension during 
dialysis, fistula site, dialysis duration, type of dialysis membrane, 
erythropoietin usage, hypo-albuminemia, hyperlipidemia, PTH 
elevation, elevation in lipoprotein a, and hyper-homocysteinemia 
conflict in the literature (12, 19, 22, 26, 28-31). In the majority 
of studies evaluating the demographic data of patients, advanced 
age and female gender were found to be negative risk factors for 
AV fistula maturation and thrombosis (9, 19, 22, 27, 29). In the 
present study, we found that while the above parameters had no 
effect on thrombosis formation, female gender was an effective 
factor in thrombus formation. However, we failed to show that 
CRP and ESR were important in thrombus formation, although a 
slight increase was shown in these factors before and after fistula 
in patients with thrombus formation. These conflicting data are 
related to potential differences in the study design and length of 
follow-up.

Arteriovenous fistula failure is seen more frequent in the elderly 
population due to the common presence of co-morbid diseases, 
such as uremic or ischemic cardiomyopathy, peripheral vascular 
diseases, hypertension, and diabetes (13, 27). Endothelial injury 
with calcified radial artery with small lumen, a thickened wall, and 
diminished nitric oxide production should be present in hyperten-
sive and diabetic elders, and could thereby cause fistula failure. Sev-
eral endothelial products, pro-inflammatory mediators, cytokines, 
and growth factors cause venous intimal hyperplasia and stenosis 
of the vascular access line (26, 32, 33). No data indicating in-
creased thrombosis formation in diabetic patients were seen in our 
patient group. Although anti-hypertensive drugs, such as calcium 
channel blockers, aspirin, and ACE inhibitors, could reduce the 
risk of AV fistula failure and thrombosis, such drugs were not found 
to be effective factors in the formation of thrombus in our study. 
These conflicting data are related to potential differences in study 
design and the length of follow-up.

There are only a limited number of studies in the literature in which 
all the thrombotic risk factors have been evaluated in relation to 
AV fistula failure. There are several thrombophilic risk factors and 
there is a debatable relationship in each (10, 11, 27). There are 
reports regarding a decrease in factor VIII activity or a reduced 
response of the plasminogen activator to venous occlusion, de-
creased platelet sensitivity to antiaggregant prostacyclins, and a 
decrease in anti-thrombin III, protein S, fibrinogen, and plasmino-
gen (34-37). In our study, it was found that fibrinogen, protein C 
and protein S levels, bleeding time, PT, APTT, and D-dimer levels 
had no effect on thrombosis formation. However, it has to be taken 
into account that there were only a limited number of patients with 
thrombosis in our study.

Arterial and venous thrombotic events are defined as serious com-
plications in patients receiving regular dialysis as well as them hav-

ing a positive anti-cardiolipin antibody level (12). Besides, there 
are reports suggesting no relationship between ACA positivity and 
thrombosis in relation to a selected patient population (12, 38). In 
our study, anti-cardiolipin antibody (Ig G and Ig M) levels detected 
in patients with or without thrombus formation were similar before 
and after fistula operation; thereby, it was shown that these factors 
were not effective in thrombus formation. These conflicting data 
are related to potential differences in the study population (e.g., 
presence or absence of vasculitis).

In an update in the year 2000 K/DOQI (Kidney Disease Outcomes 
Quality Initiative) guideline, the annual measurement fistula flow 
rate was recommended for graft stenosis (39). Color Doppler US 
is the most important non-invasive, inexpensive, easy, painless, 
portable, and reproducible evaluation method that can be used in 
the assessment of both anatomical and functional characteristic of 
vascular structures before operation and the functional monitoring 
of fistula after operation. Fistula output is accepted as the best 
method for vascular access monitoring and one of the most im-
portant indicators for access failure according to the Vascular Ac-
cess Society guideline (40). In our study, in the baseline Doppler 
evaluation, it was detected that the radial artery diameter in the 
snuff box region and the cephalic vein diameter at the Brescia-
Cimino site were smaller in patients with thrombus formation, and 
it was shown that the vein quality used for fistula and the baseline 
cephalic vein diameter at the Brescia-Cimino site were important 
factors in thrombus formation. In addition, the absence of thrill 
after operation was found to be one of the most important factors 
in thrombus formation.

A flow rate of <400 mL/min could be accepted as the best marker 
for fistula failure (22). In the study by Hoeben et al. (22), the sensi-
tivity and specificity of a flow rate of <500 mL/min was 57% and 
92%, respectively. In a study with a 4-year follow-up by Basile et 
al. (41), annual flow measurement was performed, and a flow of 
<700 mL/min was cited as a valid marker (89% sensitivity and 
69% specificity) of thrombosis risk. In our patients with thrombus, 
the end-diastolic velocity of the radial artery and cephalic vein in 
the snuff box region and the peak systolic velocity, end-diastolic 
velocity, flow volume, and mean velocity of the radial artery in the 
Brescia-Cimino region were found to be lower in the assessment 
performed on day 1 after the fistula operation. However, among 
parameters assessed by Doppler US on day 1 after the fistula op-
eration, only peak systolic velocity and end-diastolic velocity of the 
radial artery in the snuff box region were found to be important 
factors in thrombus formation. In patients with thrombus forma-
tion, changes were seen in the flow volume and RI of the radial 
artery and peak systolic velocity, end-diastolic velocity, diameter of 
the cephalic vein in the snuff box region, and the mean velocity of 
the radial artery in the Brescia-Cimino region. When output mea-
surements were evaluated in groups, it was found that the output 
and the velocity of the fistula were lower in the patient group with 
thrombus.

CONCLUSION

Thrombosis occurs and the AV fistula becomes dysfunctional at 
a relatively early phase in approximately a quarter of AV fistulas, 
which enable long-term hemodialysis therapy in patients with CRF. 
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Although female gender, vein quality, and the absence of thrill af-
ter an operation seem to be effective factors in thrombus forma-
tion, the definite factors determining thrombus formation remain 
ambiguous. The surgeon should assess the vascular structures and 
presence of thrill during the operation. Color Doppler US evalua-
tion is a method that could be effectively and widely used for the 
assessment of vascular structures before fistula and for monitoring 
fistula functions after operation.

Ethics Committee Approval: Ethics committee approval was received for 
this study from the ethics committee of İnönü University.

Informed Consent: Written informed consent was obtained from patients 
who participated in this study.

Peer-review: Externally peer-reviewed.

Authors’ Contributions: Conceived and designed the experiments or 
case: FS, HT. Performed the experiments or case: AS, BA. Analyzed the 
data: HT, FS. Wrote the paper: FS, HT, AS, BA. All authors have read and 
approved the final manuscript.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received no 
financial support.

REFERENCES

1.  Kolff WJ, Berk HT, ter Welle M, van der LEY AJ, van Dijk EC, van 
Noordwijk J. The artificial kidney: a dialyser with a great area. J Am 
Soc Nephrol 1997; 8(12): 1959-65.

2.  Schanzer H, Skladany M. Vascular Access for dialysis. In: Haimovici 
H, Ascer E, Hollier LH, et al. Haimovici’s Vasculer Surger. 4th ed. 
UK: Blackwell Science; 1996: 1028-41.

3.  III. National kidney foundation Dialysis outcome quality iniative clinical 
practice (NKF-K/DOQI) clinical practice guidelines for vascular Access: 
update 2000. Am J Kidney Dis 2001; 37(suppl 1): 137-81. [CrossRef]

4.  Uldall PR, Woods F, Merchant N, Crichton E, Carter H. A double-
lumen subclavian cannula (DLSC) for temporary hemodialysis access. 
Trans Am Soc Artif Intern Organs 1980; 26: 93-8.

5.  Marx AB, Landmann J, Harder FH. Surgery for vascular access. Curr 
Probl Surg 1990; 27(1): 1-48. [CrossRef]

6.  Shaldon S, Chiandussi L, Higgs B. Haemodialysis by percutaneous 
catheterization of the femoral artery and vein with regioanal heparin. 
Lancet 1961; 2: 857. [CrossRef]

7.  Ahearn DJ, Maher JF. Heart failure as a complication of hemodialysis 
arteriovenous fistula. Ann Intern Med 1972; 77(2): 201-4. [CrossRef]

8.  Finlay DE, Longley DG, Foshager MC, Letourneau JG. Duplex and 
color Doppler sonography of hemodialysis arteriovenous fistulas and 
grafts. Radiographics 1993; 13(5): 983-9. [CrossRef]

9.  Bay WH, Henry ML, Lazarus JM, Lew NL, Ling J, Lowrie EG. Pre-
dicting hemodialysis access failure with color flow Doppler ultrasound. 
Am J Nephrol 1998; 18(4): 296-304. [CrossRef]

10.  Levin N, Eknoyan G, Pipp M, Steinberg E. National Kidney Founda-
tion: Dialysis Outcome Quality Initiative development of methodology 
for clinical practice guidelines. Nephrol Dial Transplant 1997; 12(10): 
2060-3. [CrossRef]

11.  Woods JD, Turenne MN, Strawderman RL, Young EW, Hirth RA, Port 
FK, et al. Vascular access survival among incident hemodialysis patients 
in the United States. Am J Kidney Dis 1997; 30(1): 50-7. [CrossRef]

12.  Jamshid R, Reza SA, Abbas G, Raha A. Incidence of arteriovenous 
thrombosis and the role of anticardiolipin antibodies in hemodialysis 
patients. Int Urol Nephrol 2003; 35(2): 275-82. [CrossRef]

13.  Ponce P. Vascular access for dialysis in the elderly. Int Urol Nephrol 
2001; 33(3): 571-3. [CrossRef]

14.  McGregor AD. The Allen test-an investigationof its accuracy by fluo-
roscein angiography. J Hand Surg 1987; 12: 82-5. [CrossRef]

15.  Burkhart HM, Cikrit DF. Arteriovenous fistulae for hemodialysis. Se-
min Vasc Surg 1997; 10(3): 162-5.

16.  Sisto T, Riekkinen H. Clinical experience of arteriovenous fistulae for 
dialysis during an eighteen year period. Ann Chir Gynaecol 1988; 
77(3): 108-10.

17.  Burger H, Kluchert BA, Kootstra G, Kitslaar PJ, Ubbink DT. Sur-
vival of arteriovenous fistulas and shunts for haemodialysis. Eur J Surg 
1995; 161(5): 327-34.

18.  Chazan JA, London MR, Pono LM. Long-term survival of vascular 
accesses in a large chronic hemodialysis population. Nephron 1995; 
69(3): 228-33. [CrossRef]

19.  Chui AK, Chiu EY, White EA, Yumiba T. An investigation into the 
practice of concurrent chronic ambulatory peritoneal dialysis catheter 
insertion and arteriovenous fistula formation in patients needing dialy-
sis. Hong Kong Med J 2000; 6(3): 312-5.

20.  Dunlop MG, Mackinlay JY, Jenkins AM. Vascular access: experience 
with the brachiocephalic fistula. Ann R Coll Surg Engl 1986; 68(4): 
203-6.

21.  Rayner HC, Pisoni RL, Gillespie BW, Goodkin DA, Akiba T, Akizawa 
T, et al. Dialysis Outcomes and Practice Patterns Study. Creation, can-
nulation and survival of arteriovenous fistulae: data from the Dialysis 
Outcomes and Practice Patterns Study. Kidney Int 2003; 63(1): 323-
30. [CrossRef]

22.  Hoeben H, Abu-Alfa AK, Reilly RF, Aruny JE, Bouman K, Perazella 
MA. Vascular access surveillance: evaluation of combining dynamic 
venous pressure and vascular access blood flow measurements. Am J 
Nephrol 2003; 23(6): 403-8. [CrossRef]

23.  Feldman HI, Held PJ, Hutchinson JT, Stoiber E, Hartigan MF, Berlin 
JA. Hemodialysis vascular access morbidity in the United States. Kid-
ney Int 1993; 43(5): 1091-6. [CrossRef]

24.  Haimov M, Baez A, Neff M, Slifkin R. Complications of arteriovenous 
fistulas for hemodialysis. Arch Surg 1975; 110(6): 708-12. [CrossRef]

25.  Baumann M, Niebel W, Kribben A, Philipp T, Heemann U. Primary 
failure of arteriovenous fistulae in auto-immune disease. Kidney Blood 
Press Res 2003; 26(5-6): 362-7. [CrossRef]

26.  Valeri A, Joseph R, Radhakrishnan J. A large prospective survey 
of anti-cardiolipin antibodies in chronic hemodialysis patients. Clin 
Nephrol 1999; 51(2): 116-21. 

27.  Windus DW, Jendrisak MD, Delmez JA. Prosthetic fistula survival and 
complications in hemodialysis patients: effects of diabetes and age. 
Am J Kidney Dis 1992; 19(5): 448-52. [CrossRef]

28.  Grandaliano G, Teutonico A, Allegretti A, Losappio R, Mancini A, 
Gesualdo L, et al. The role of hyperparathyroidism, erythropoietin 
therapy, and CMV infection in the failure of arteriovenous fistula in 
hemodialysis. Kidney Int 2003; 64(2): 715-9. [CrossRef]

29.  De Marchi S, Falleti E, Giacomello R, Stel G, Cecchin E, Sepiacci 
G, et al. Risk factors for vascular disease and arteriovenous fistula 
dysfunction in hemodialysis patients. J Am Soc Nephrol 1996; 7(8): 
1169-77.

30.  Saran R, Dykstra DM, Wolfe RA, Gillespie B, Held PJ, Young EW. 
Dialysis Outcomes and Practice Patterns Study. Association between 
vascular access failure and the use of specific drugs: the Dialysis Out-
comes and Practice Patterns Study (DOPPS). Am J Kidney Dis 2002; 
40(6): 1255-63. [CrossRef]

31.  Gowda A, Pavan M, Babu K. Vascular access profile in maintenance 
hemodialysis patients. Iran J Kidney Dis 2014; 8(3): 218-24. 

32.  Konner K. Primary vascular access in diabetic patients: an audit. 
Nephrol Dial Transplant 2000; 15(9): 1317-25. [CrossRef]

33.  Rekhter M, Nicholls S, Ferguson M, Gordon D. Cell proliferation 
in human arteriovenous fistulas used for hemodialysis. Arterioscler 
Thromb 1993; 13(4): 609-17. [CrossRef]

18 Sarı et al. Risk Factors for Fistula Failure Erciyes Med J 2016; 38(1): 12-9

http://dx.doi.org/10.1016/S0272-6386(01)70007-8
http://dx.doi.org/10.1016/0011-3840(90)90036-5
http://dx.doi.org/10.1016/S0140-6736(61)90745-0
http://dx.doi.org/10.7326/0003-4819-77-2-201
http://dx.doi.org/10.1148/radiographics.13.5.8210602
http://dx.doi.org/10.1159/000013354
http://dx.doi.org/10.1093/ndt/12.10.2060
http://dx.doi.org/10.1016/S0272-6386(97)90564-3
http://dx.doi.org/10.1023/B:UROL.0000020354.61227.40
http://dx.doi.org/10.1023/A:1019550307514
http://dx.doi.org/10.1016/0266-7681(87)90065-9
http://dx.doi.org/10.1159/000188461
http://dx.doi.org/10.1046/j.1523-1755.2003.00724.x
http://dx.doi.org/10.1159/000074297
http://dx.doi.org/10.1038/ki.1993.153
http://dx.doi.org/10.1001/archsurg.1975.01360120026004
http://dx.doi.org/10.1159/000073943
http://dx.doi.org/10.1016/S0272-6386(12)80953-X
http://dx.doi.org/10.1046/j.1523-1755.2003.00120.x
http://dx.doi.org/10.1053/ajkd.2002.36895
http://dx.doi.org/10.1093/ndt/15.9.1317
http://dx.doi.org/10.1161/01.ATV.13.4.609


34.  Vaziri ND, Gonzales EC, Wang J, Said S. Blood coagulation, fibri-
nolytic, and inhibitory proteins in end-stage renal disease: effect of 
hemodialysis. Am J Kidney Dis 1994; 23(6): 828-35. [CrossRef]

35.  Pivalizza EG, Abramson DC, Harvey A. Perioperative hypercoagula-
bility in uremic patients: a viscoelastic study. J Clin Anesth 1997; 9(6): 
442-5. [CrossRef]

36.  Rabelink TJ, Zwaginga JJ, Koomans HA, Sixma JJ. Thrombosis and 
hemostasis in renal disease. Kidney Int 1994; 46(2): 287-96. [CrossRef]

37.  Zachee P, Vermylen J, Boogaerts MA. Hematologic aspects of end-
stage renal failure. Ann Hematol 1994; 69(1): 33-40. [CrossRef]

38.  Manns BJ, Burgess ED, Parsons HG, Schaefer JP, Hyndman ME, 
Scott-Douglas NW. Hyperhomocysteinemia, anticardiolipin antibody 

status, and risk for vascular access thrombosis in hemodialysis pa-
tients. Kidney Int 1999; 55(1): 315-20. [CrossRef]

39.  Tessitore N, Bedogna V, Poli A. The role of surveillance in mature 
arteriovenous fistula management. The Journal of Vascular Access 
2004; 5: 57-61.

40.  Bakran A, Mickley V, Passlick-Deetjen J. Management of the renal 
patient: clinical algorithms on vascular Access for hemodialysis: www.
vascularaccesssociety.com 2003.

41.  Basile C, Ruggieri G, Vernaglione L, Montanaro A, Giordano R. 
The natural history of autogenous radio-cephalic wrist arteriovenous 
fistulas of haemodialysis patients: a prospective observational study. 
Nephrol Dial Transplant 2004; 19(5): 1231-6.[CrossRef]

19Sarı et al. Risk Factors for Fistula FailureErciyes Med J 2016; 38(1): 12-9

http://dx.doi.org/10.1016/S0272-6386(12)80136-3
http://dx.doi.org/10.1016/S0952-8180(97)00097-4
http://dx.doi.org/10.1038/ki.1994.274
http://dx.doi.org/10.1007/BF01757345
http://dx.doi.org/10.1046/j.1523-1755.1999.00258.x
http://dx.doi.org/10.1093/ndt/gfh073

