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ABSTRACT
Objectives: In this study, we present our early and late results of different anastomosis techniques for the creation of brachiocephalic fistulas 
for hemodialysis.
Patients and methods: Between January 2012 and December 2016, a total of 61 patients (37 males, 24 females; median age 59 years; range 
44 to 72 years) who underwent arteriovenous fistula (AVF) operation for hemodialysis were retrospectively reviewed. Side-to-side (STS) and 
end-to-side (ETS) anastomosis techniques in the brachial region were compared in terms of patency and complication rates in the early- and 
late-term.
Results: There were 29 patients in the STS group and 32 patients in the ETS group. Although there was a proportional difference in the 
patency rates and complications between the groups, it was not statistically significant, particularly in the long-term period. The patency 
rates of STS and ETS at two years were 69% and 59.4%, respectively, indicating that none of the techniques was superior to the other. The 
presence of peripheral arterial disease and diabetes mellitus was the most significant factors affecting the patency rates.
Conclusion: Both ETS and STS anastomosis techniques should be planned individually. Although both techniques yield a similar patency 
rate, fistulas are superior to grafts and catheters. Fistulas, which may be the last chance of a patient, can be safely created using both 
techniques.
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Arteriovenous fistula (AVF) is the most desirable 
option for hemodialysis given its improved patency 
and lower infection rates.[1,2] They are also superior to 
catheters and grafts in terms of mortality, infection, 
and thrombosis.[3,4] The success of AVFs depends 
on the structure of the selected region, vessel 
diameter, vein-side f low and subsequent venous site 
for hemodialysis.[5] Patient compliance, anatomical 
structure, and experience of the hemodialysis center 
are also important factors for improved AVF patency. 
Cimino-Brescia performed the first AVF in 1966, and 
many different techniques have been developed since 
then.

Arteriovenous fistula locations are radiocephalic 
(wrist, snuff-box), brachiocephalic (elbow), or 

brachiobasilic. Brachiobasilic transposition are 
uncommon and often needs basilic vein elevation. The 
first choice is mostly radiocephalic AVFs. Anastomosis 
location may affect the f low of AVF.

On the other hand, maturation process of AVFs is 
complex. Anastomosis should be created with adequate 
f low for hemodialysis. In addition, the surgeon should 
avoid arterial steal syndrome and poor hemodynamic 
conditions. In most cases, the surgeon demands less 
technical view for fistula creation.

In the present study, we reviewed our early and 
late results of brachiocephalic AVFs for hemodialysis 
and to evaluate complication rates and primary and 
secondary patency rates of side-to-side (STS) and 
end-to-side (ETS) techniques.
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PATIENTS AND METHODS
Between January 2012 and December 2016, a 

total of 61 patients (37 males, 24 females; median 
age 59 years; range 44 to 72 years) who underwent 
AVF operation for hemodialysis were retrospectively 
analyzed. We preferred brachiocephalic AVFs, as 
neither these patients had any good vascular structure 
at any other side of the upper extremity nor their 
recent fistulas became mature properly or thrombosed. 
All patients underwent upper extremity examination 
using Doppler ultrasonography. Those with missing 
ultrasonography and missing medical records were 
excluded from the study. If the arterial or venous 
diameter was under 1 mm, brachiocephalic fistula 
was preferred. The vessel diameter, arterial f low rates, 
and configuration of the antecubital region were 
examined. Patients with a less than 1 mm vessel at 
the antecubital region were excluded from the study. 
Fifteen patients had a recent fistula, and these fistulas 
were not patent due to thrombosis, immature venous 
side, arterial occlusion, or infection. Also, two patients 
had a venous aneurysm and underwent ligation and 
aneurysmectomy. A written informed consent was 
obtained from each patient. The study protocol 
was approved by Osmangazi University, Faculty of 
Medicine, Ethics Committee (2019-320). The study 
was conducted in accordance with the principles of the 
Declaration of Helsinki.

Operative technique

If the brachial artery and cephalic vein were 
close to each other, STS anastomosis technique was 
preferred owing to its simplicity. If the brachial artery 
and cephalic vein were distant to each other, ETS 
anastomosis technique was used. The technique to be 

used was at the discretion of the surgeon. The vessel 
diameter, damaged sections, and antecubital region 
specifications were the main determinants of the 
technique to be selected.

All surgical procedures were performed under local 
anesthesia using 1% prilocaine. Brachial artery and 
cephalic vein were explored and secured with nylon 
tapes. After 5,000 IU intravenous heparin injection, 
the artery and vein were clamped. The vein incision 
was 1.5 times greater than the arteriotomy incision. 
All anastomoses were performed with continuous 
technique using 7/0 polypropylene sutures. After 
completion of the anastomosis, the vein was explored 
distally for side branches with the potential to reduce 
blood f low. These branches were ligated. Following 
bleeding control, the skin was closed with 3/0 
polypropylene sutures.

The patients were divided into two groups 
according to the anastomosis technique as STS 
(Group 1, n=29) and ETS (Group 2, n=32). In 
Group 1, the cephalic vein was ligated 5 to 10-mm 
proximal to the anastomosis site. Preoperative arterial 
and venous Doppler ultrasonography was performed in 
all patients. In the postoperative period, arterial and 
venous Doppler ultrasonography was performed at one 
month, and one and two years. If the venous blood 
f low was above 200 mL/min, the AVF was accepted 
as patent and having an adequate f low. Patients with a 
venous diameter exceeding 1.5 cm were considered to 
have a fistula aneurysm. The patient who had venous 
fistula aneurysms with symptomatic complications 
such as hand ischemia, thrombus, pain or bleeding 
were operated through aneurysmectomy, ligation, or 
graft interposition.

Table 1. Demographic and clinical data of patients
Group 1 (n=29) Group 2 (n=32)

n % Median Min-Max n % Median Min-Max p
Age (year) 58 44-72 59 44-71 0.418*
Gender

Male 18 62.1 19 59.4 0.830†
Diabetes mellitus 23 79.3 25 78.1 0.910†
Arterial hypertension 20 69 21 65.6 0.781†
Smoking 20 69 22 68.8 0.986†
Hyperlipidemia 16 55.2 17 53.1 0.873†
Coronary artery disease 8 27.6 8 25 0.819†
Peripheral arterial disease 4 13.8 4 12.5 1.0‡
Previous fistula 9 31 6 18.8 0.266†
Postoperatively thrill 26 89.7 29 90.6 1.0‡
Preoperatively vein diameter (mm) 2.2 2.0-3.1 2.1 2.0-3.0 0.222*
* Mann-Whitney U test, † Pearson chi-square test, ‡ Fisher exact test (continuity correction).
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Statistical analysis

Power analysis was performed using the G*Power 
version 3.1.9.4 software (Heinrich-Heine-Universität 
Düsseldorf, Düsseldorf, Germany) and sample size 
was calculated. The power of the study was found to 
be 80% at an alpha value of 0.05. Statistical analysis 
was performed using the PSPP version 1.2.0 software 
(Free Software Foundation Inc., Boston, MA, USA). 
Non-normally distributed continuous variables were 
presented in median (min-max), while categorical 
variables were presented in number and frequency. 
Continuous variables between the two groups were 
compared using the Mann-Whitey U test, while the 
categorical variables were compared using the chi-
square test or Fisher’s exact test with the continuity 
correction. Multivariate analysis was performed to 
identify significant variables. A p value of <0.05 was 
considered statistically significant.

RESULTS
The median age was 58 (range, 44 to 72) years in 

Group 1 and 59 (range, 44 to 71) years in Group 2 
(p>0.05). Eighteen patients (62.1%) in Group 1 and 
19 patients (59.4%) in Group 2 were males (p>0.05). 
There was no statistically significant difference between 
the two groups in terms of the history of smoking, 
diabetes mellitus, hypertension, hyperlipidemia, 
coronary artery disease, and peripheral arterial disease. 
Baseline demographic and preoperative data are shown 
in Table 1.

The median preoperative cephalic vein diameter was 
2.2 (range, 2.0 to 3.1) mm in Group 1 and 2.1 (range, 
2.0 to 3.0) mm in Group 2, indicating no significant 
difference between the groups (p>0.05). Thrill of the 
vein-side was confirmed in 89.7% patients (n=26) in 
Group 1 and 90.6% patients (n=29) in Group 2. The 
patency rates (venous side f low above 200 mL/min) 
were 89.6% (n=26) in Group 1 and 93.8% (n=30) in 
Group 2. Although there was no postoperative thrill in 
the early postoperative period, the f low increased with 
the maturation of the AVF in one patient in Group 2. 
Therefore, the number of patients in Group 2 with a 
patent fistula reached 30. At the end of the first year, 
the patency rates were 75.9% in Group 1 and 71.9% in 
Group 2. The patency rate in Group 2 decreased after 
one year. However, there was no statistically significant 
difference between the two groups (p>0.05). After 
the second year, an aneurysm was detected in five 
patients (17.2%) in Group 1 and three patients (9.4%) 
in Group 2. Although the aneurysm rate was relatively 
low in Group 2, there was no significant difference 
between the groups. At the end of the second year, 
AVF thrombosis was detected in four patients (13.4%) 
in Group 1 and six patients (18.8%) in Group 2. The 
rate of patients without any complication and a patent 
fistula at the end of the second year were 69% (n=20) 
in Group 1 and 59.4% (n=19) in Group 2. The patients 
with partial fistula thrombosis or who were unable to 
run hemodialysis due to infection were reoperated for 
the management of complications and were divided 
into the non-patent fistula group. Therefore, the rate 
of patent fistulas at the end of two years was found to 
be relatively low (Table 2).

Multivariate analysis revealed that peripheral 
arterial disease was a significant variable for patency 
and complication rates. Accordingly, the patency rates 
were found to be lower in the patients with peripheral 
arterial disease. In addition, diabetes mellitus was 
found to be a significant variable for fistula patency at 
the first year (p<0.05) (Table 3).

Table 2. Follow-up data of patients
Group 1 (n=29) Group 2 (n=32)

n % Median Min-Max n % Median Min-Max p
Flow rate (mL/min) (1st month) 220 120-300 230 150-300 0.096*
Patency (6th month) 26 89.7 30 93.8 0.909‡
Patency (1st year) 22 75.9 23 71.9 0.724†
Patency (2nd year) 20 69 19 59.4 0.436†
Aneurysm (2nd year) 5 17.2 3 9.4 0.597‡
Thrombosis (2nd year) 4 13.8 6 18.8 0.860‡
* Mann-Whitney U test, † Pearson chi-square test, ‡ Fisher exact test (continuity correction).

Table 3. Multivariate analysis results
Outcome Variable OR (95% CI) p
Patency (6th month) PAD 15.3 (2.1-114.3) 0.008

CAD 9.1 (0.8-105.3) 0.076
Patency (1st year) DM 26.2 (2.1-329.7) 0.012

PAD 42.1 (2.8-660.6) 0.008
Patency (2nd year) PAD 6.9 (1.3-38.1) 0.026
OR: Odds ratio; CI: Confidence interval; PAD: Peripheral arterial disease; CAD: Coronary artery 
disease; DM: Diabetes mellitus.
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DISCUSSION
Renal transplantation is the gold-standard 

treatment modality in the treatment of chronic renal 
failure owing to its successful survival rates and 
improved quality of life. However, the need for chronic 
dialysis continues for most of patients, at least with 
the aim of bridging to transplantation. These patients 
need hemodialysis until renal transplantation or for 
lifetime. Although brachiocephalic fistulas are not 
the first choice, it would be the last chance of these 
patients. On the other hand, these fistulas are not 
preferred by some surgeons due to the high shunt 
rates, although it is safer than vascular grafts.[9] If the 
right diameter of fistula anastomosis (under 5 mm) 
is chosen, the f low remains its physiological limits.[6] 
Therefore, the surgeon should choose the anastomosis 
technique carefully.

In this study, the majority of the patients were 
males. In previous studies, both genders are equal. In 
addition, Simoni et al.[7] and Demirkılıç et al.[8] showed 
that ETS fistulas were more patent than the STS 
fistulas; however, we found no significant difference 
in the patency rates at the end of two years. When 
the patency rates were examined, there was a rapid 
decrease in the STS AVFs in the first year. It may be 
thought that a smaller anastomosis can be performed to 
balance the shunt rate in STS anastomosis technique. 
In our department, STS anastomosis technique is 
routinely performed with 3 to 4 mm anastomosis 
diameter. Indeed, this procedure (not to exceed 3 mm 
in the shunt area) was performed for safety of the shunt 
f low, which may turn into stenosis in patients with 
anastomotic site intimal hyperplasia. Using the STS 
anastomosis technique, the surgeon must have a good 
balance of patency and shunt ratio. In almost all cases, 
large anastomoses and high f low rates are the main 
causes of steal syndrome.[18] In case of brachial steal 
syndrome, treatment becomes complicated. In such 
cases, the surgeon should reoperate the patient and 
balance the f low. If balancing of f low is impossible, 
the anastomosis must be ligated.

In their study, Fitzgerald et al.[9] reported that the 
AVFs performed in the antecubital region had 47% 
complication rate, and 43% of these AVFs required 
a new procedure. In addition, one-year patency rate 
was 74%. In our study, we observed similar one-year 
patency rates, which were 75.9% in Group 1 and 
71.9% in Group 2. Different risk factors might have 
affected the current patency rates. The major risk 
factors include other interventions at the antecubital 
region (i.e., cannulation, or blood sampling), education 

and experience of hemodialysis nurses or technicians, 
quality of intervention materials, experience of the 
surgeon, peripheral arterial disease, and protection of 
extremity with fistula.[1,10]

Furthermore, color Doppler ultrasonography 
mapping (CDUM) of the upper extremity affects 
planning of the fistula type and location. Also, the 
patency rates are higher with CDUM, as it offers a 
good location and sufficient vessels.[15] In this study, we 
used CDUM, as we must choose the right location and 
technique. If the patients had good arterial and venous 
structure at the elbow, we preferred radiocephalic or 
snuff-box fistulas.

In our study, the complication of f istula 
(aneurysm and thrombosis) was low (15%) than the 
literature.[5,9,10] Treatment for fistula complications 
is of utmost importance for the patients’ quality of 
life and a successful hemodialysis access. Aneurysm 
and thrombosis have been reported more frequently 
with brachiocephalic f istulas than radiocephalic 
fistulas.[16,17] However, despite the low complication 
rates in our study, similar patency rates suggest that 
other interventions and patient-related risk factors 
affected the patency rates. The patency rate was 
lower in the patients with peripheral arterial disease. 
Previous studies have also demonstrated that intimal 
hyperplasia, diabetes mellitus, and peripheral arterial 
disease can affect the patency rates.[9-11,14] In our study, 
there was no statistically significant difference in 
the patency rates between the STS and ETS groups, 
consistent with the previous studies.[9,12] However, 
Moini et al.[13] found that the patency rate of the 
STS technique was higher than the others, while the 
complication rates were similar. The authors concluded 
that ETS had no superiority to STS, although they 
were unable to fully explain why the patency rate was 
higher in the STS group.

Retrospective design is the main limitation of this 
study. Despite relatively small sample size, it remained 
sufficiently large for power analysis. Nonetheless, 
Further, large-scale, prospective studies are needed to 
confirm our findings.

In conclusion, considering lifetime hemodialysis 
for patients with chronic renal failure, we need to 
choose the AVF creation technique which has a good 
patency rate in long-term and is the farthest from 
complications. Therefore, AVF surgery should start 
from the wrist region, and brachiocephalic fistulas 
should be reserved as the last resort. According to 
our study results, the patency and complication rates 
of brachiocephalic AVFs were similar between the 
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ETS and STS anastomosis techniques at the end of 
the second year. We believe that STS technique can 
be preferred for its ease and simplicity, although the 
anastomosis diameter should be considered due to 
the shunt rate. On the other hand, ETS technique 
provides better shunt control; however, it needs to be 
done in the hands of experienced surgeons. Overall, 
both techniques do not have significant advantages 
in terms of brachiocephalic AVFs. Therefore, it is 
necessary to make a patient-based decision. Finally, 
fistulas, which may be the last chance of a patient, can 
be safely created using both techniques.
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