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Abstract

Background: Traditional end-to-side (ETS) anastomosis is a common technique for

radiocephalic arteriovenous fistula (RCAVF) creation. However, Side-to-side anastomosis

with distal cephalic vein ligation produces a functional ETS anastomosis which showed

better outcomes. This study aimed to determine the best anastomotic technique between

functional and traditional ETS anastomosis.

Methods: This single-blind randomized controlled trial was performed in the Department

of Urology, Chittagong Medical College Hospital from May 2022 to May 2023. 100

adult patients with ESKD requiring new RCAVF were the study population. Patients

were allocated randomly into functional and traditional ETS groups. Pre and

postoperative duplex ultrasonograms were performed by the same radiologist and all

anastomoses were performed by a single surgeon to avoid inter-personal variation.

Patients were followed up for 12 weeks postoperatively.

Results: Both study groups were comparable in terms of their demographic and

clinical characteristics. The 12-week patency rate was higher (p=0.362) in the

functional ETS 48 (98.0%) than the traditional 46 (92.0%). Fistula became mature

in 46(93.9%) of cases in the functional ETS group and 38 (76.0%) in traditional

ETS and the difference is statistically significant (p=0.013). In the functional ETS

group, 1(2%) of patients developed thrombosis, 1(2%) oedema and 1(2%)

pseudoaneurysm. In traditional ETS, 3(6%) of patients developed thrombosis, 1(2%)

oedema and 2(4%) pseudoaneurysm.

Conclusion: Functional ETS anastomosis has a better short-term outcome than

traditional ETS. So, it can be a recommended anastomosis procedure for RCAVF

surgery.
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Introduction:

End-stage kidney disease (ESKD) is a global healthcare
burden.1 The prevalence of CKD in Bangladesh is higher
(22.48%) than globally.2 Haemodialysis is the most
common renal replacement therapy.1 Arteriovenous
fistula (AVF) is considered the gold standard vascular
access modality.3 Well-functioning AVF provides enough
blood flow without complications for a long time, which
is key to successful hemodialysis.4 Considering the
limitation of vascular resources, Radiocephalic
Arteriovenous Fistula (RCAVF) is the most common
choice. KDOQI Guideline 2019 recommends RCAVF as
the first access of choice.5 The most commonly reported
techniques of AVF anastomosis are end-to-side (ETS), and
side-to-side (STS).6 Recently, a modified anastomosis
technique using vein side to arterial side anastomosis with
distal vein ligation, can achieve similar effects as those of
ETS after STS anastomosis and shows promising results.

Some scholars named it Functional ETS anastomosis. 6,7

Fig.-1: Graphical presentation of two types of anastomosis

techniques

A well-functioning AVF is an asset for ESKD patients.
There is consensus regarding the location of the
primary AVF. However, there is conflicting evidence
regarding the superiority of anastomosis techniques.
This issue is addressed by very few randomized
controlled studies globally. No specific guidelines are
available for anastomosis technique. To the best of my
knowledge, no study has been conducted in our
country using duplex ultrasound to measure the post-
operative cephalic vein diameter and fistula flow to
assess the maturation status of each study patient.
Comparative study results are yet to be published. This
study aims to determine the best anastomosis
technique for the creation of RCAVF when both are
anatomically feasible.

Materials and Methods:

This Randomized Controlled Trial was conducted in
the Department of Urology, CMCH from May 2022 to
May 2023. 100 patients ESKD patients visited or
referred for AVF surgery were screened based on the
inclusion and exclusion criteria. Eligible participants
were enrolled consecutively. Then enrolled
participants were allocated randomly into functional
and traditional ETS groups according to the previous
computer-generated random number table.

In group A (Experimental group), anastomosis was
constructed using the functional ETS technique. In
group B (Control group) anastomosis was constructed
using the traditional ETS technique.

[Additional comment:2 surgical steps are now
mentioned here in short]

Patients were followed up for 12 weeks post-
operatively. Outcome measures were Anastomosis
time, Primary patency, maturation and complications.
It was a single-blind study as participants were not
aware of the anastomosis technique.

ESKD patients, Aged: e”18 years requiring new arm
RCAVF were included in this study. Patients with
ipsilateral failed RCAVF, Allergic to injection
Lignocaine, Puncture mark, scar mark or infective
focus at the proposed surgical site, Absent distal pulses
and chronic ischemia of the upper limb, Central venous
stenosis or congestive cardiac failure, Significant
neurological disorder affecting the upper limb, Radial
artery or cephalic vein diameter <1.8 mm at the wrist
(without tourniquet), uncorrected coagulopathy were
excluded from this study.

After obtaining approval from the Ethical Review
Committee, all these patients were informed about the
study procedure and invited to participate in the study.
Informed written consent was taken from those
patients who have agreed to participate in the study.

All patients were assessed preoperatively by History:
(age, co-morbidities, smoking behaviour, previous
dialysis), physical examination: (Inspection, pulse,
blood pressure, Allen’s test), Investigations:  CBC, BT,
CT, APPT, RBS, S. creatinine, HBsAg, Anti HCV,
duplex ultrasound: of upper limb vessels with vascular
mapping (by same radiologist).

All the anastomosis were performed by a single
surgeon, The surgeon followed a standard operating
technique, Local anaesthesia Inj. 2% Lidocaine was
infiltrated subcutaneously immediately before the

commencement of surgery.

A 3-4 cm longitudinal skin incision is made along the

radial forearm, starting 1-1.5 inches proximal to the
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wrist crease. The skin and subcutaneous tissue are

retracted bilaterally to identify and mobilize the

cephalic vein and radial artery. The cephalic vein is

dissected, skeletonized, and its branches are ligated

and divided. The radial artery is then dissected and

secured with bulldog clamps.

Functional end-to-side anastomosis (Group A): A 0.6 to

1 cm longitudinal arteriotomy and venotomy were

performed. The cephalic vein was proximally dilated

using fluid hydraulic pressure with heparinized saline.

Anastomosis was created between the side of the cephalic

vein and the side of the radial artery using 7.0 Prolene in

a continuous suture pattern. Finally, the distal cephalic

vein was ligated 0.5 to 1 cm distally with 4-0 Vicryl.

Traditional end-to-side anastomosis (Group B): The

distal segment of the cephalic vein was ligated and

divided. The vein was then dilated using fluid

hydraulic pressure with heparinized saline. The

proximal cut end of the cephalic vein was spatulated

up to 0.6 to 1 cm, followed by radial arteriotomy.

Anastomosis was performed between the end of the

cephalic vein and the side of the radial artery using a

continuous suture with 7.0 Prolene.

In both groups, after anastomosis and acquiring proper
haemostasis, the wound was closed by using 3-0 Prolene
and a light non-compressive bandage was applied.

[Additional comment:2, surgical steps are now
mentioned here in detail]

Immediate patency was assessed for all patients, who
were discharged after 6 hours of observation. On the
3rd postoperative day, dressing checks were
conducted. On the 10th postoperative day, stitches
were removed. At the 6th week, a Duplex USG of the
forearm vessels was performed, and at the 12th week,
the patient’s haemodialysis history and any
complications were reviewed.

A pretested structured case record form and Duplex
ultrasonography (USG) report were used as research
tools. Data were processed and analyzed by: SPSS-28,
Quantitative data: was presented by Mean ± SD,
Qualitative data: was by frequency and percentage,
Numerical variables: differences between the groups
were analyzed by Independent sample t-test,
Categorical variables: were compared with the chi-
square test and Fisher exact test.

[Additional comment:1, now Methodology written in

a free flow manner]

Fig.-2: Preoperative & 6 weeks postoperative evaluation with duplex USG.
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Fig.-3: Comparison of 12th week primary patency between

the groups (p=>0.05)
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Table I. Comparison of fistula maturation factors between the groups

Mean ± SD Functional ETS (n=49) Traditional ETS (n=50) p value

Cephalic Vein diameter (millimetres) 6.3±1.1 5.9±0.5 0.0255

Cephalic Vein Flow (mL/minutes) 638.5±116.8 599.5±52.8 0.0345

Cephalic Vein depth from skin (millimeters) 2.48±0.50 2.64±0.48 0.109NS

Fig.-4: Comparison of study groups according to fistula
maturation status (p=<0.05)
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Fig.-5: Distribution of 12 weeks complications between the
groups (p=>0.05)
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Table II: Distribution of Study Subjects Based on Demographic Characteristics, Preoperative, and Operative Findings

Functional ETS (n=49) Traditional ETS (n=50) P value

Age ( in years) 49.2±12.6 46.7±12.3 0.286

Male gender 77.6% 66.0% 0.202
Comorbidities:
HTN 100% 100%
DM 38.8% 38.0%
GN 18.4% 32.0%
PCKD 4.1% 0%
Smoker 32.7% 22.0% 0.234
On hemodialysis 19 (38.8%) 17 (34.0%) 0.621
Cephalic vein (mm) 2.1±0.3 2.1±0.3 0.922
Radial artery (mm) 2.2±0.4 2.1±0.3 0.222
Anastomosis time (minutes) 30.9±5.1 32.5±3.2 0.079
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Table III: Distribution of Study Subjects Based on Outcome

Functional ETS (n=49) Traditional ETS (n=50) P value

Primary patency 12th week 48 (98.0%) 46 (92.0%) 0.362

Cephalic vein diameter (mm) 6.3±1.1 5.9±0.5 0.025*

Fistula flow (ml/min) 638.5±116.8 599.5±52.8 0.034*

Cephalic vein depth from skin (mm) 2.48±0.50 2.64±0.48 0.109

Maturation rate at 6th week 46 (93.9%) 38 (76.0%) 0.013*

Overall complications 2 (4.1%) 4 (8.0%) 0.414

Thrombosis 1 (2.0%) 3 (6.0%) 0.317

Oedema 1 (2.0%) 1 (2.0%) 0.988

Pseudoaneurysm 1 (2.0%) 2 (4.0%) 0.570

Discussion:

This study compared the short-term (12 weeks)

outcomes between functional and traditional ETS

anastomosis techniques in 100 ESKD subjects requiring

new RCAVF. After excluding one dropout, 99 subjects’

data were analyzed: 49 in the functional ETS group

and 50 in the traditional ETS group.

The primary patency rate was higher in the functional

ETS group than in the traditional ETS group (98.0%

vs. 92.0%, p=0.362) this is due to the formation of more

thrombus in the traditional ETS group. However, the

difference is not statistically significant.

In this study, mean cephalic vein diameter (6.3 mm)

and flow (638.5 ml/min) were significantly wider in

the functional ETS group compared to the traditional

ETS group (5.9 mm and 599.5 ml/min) with p-values

of 0.025 and 0.034, respectively. Mean cephalic vein

flow was higher in the functional ETS group (638.5 ml/

minute) than in the traditional ETS group (599.5 ml/

minute) and the difference is also statistically

significant (P= 0.034).

Maturation was measured according to Shenoy’s

criteria (2007)8 as the “rule of 6”, 6 weeks following

the operation, fistula flow e” 600ml/min,  vein  e” 6mm

in diameter, vein <  6mm deep from the skin surface

to allow easy needle insertion. Here maturation rate

was also significantly higher in the functional ETS

group (93.9%) compared to the traditional ETS group

(76.0%), with a p-value of 0.013.

In terms of complications, the study referenced

Weigang et al. (2021)4, who reported fewer

complications in the functional ETS group (3.3%)

compared to the traditional ETS group (15.9%). The

current study found that, overall, most patients

developed a few complications: 4.1% in the functional

ETS group and 8% in the traditional ETS group, over

the 12-week postoperative follow-up period.

Specific complications include thrombosis (one case

in the functional ETS group and three cases in the

traditional ETS group, p=0.317), oedema (one case in

each group), and pseudoaneurysm (one case in the

functional ETS group and two cases in the traditional

ETS group). Padberg et al. (2008)9 describe

pseudoaneurism of AV fistula may develop from

degeneration of the vessel wall, infection or puncture

hematoma.

Ahsan et al. (2010)10 stated that the Functional ETS
technique is technically simple and effectively creates

a consistent wall shear stress profile reducing the

neointimal hyperplasia. This reduces the development

of juxta-anastomotic stenosis which is one of the key

causes of primary fistula failure.

Management of these complications included both

conservative and surgical approaches. In this study,

none of the patients developed stenosis in either group,

which may be due to the short period of follow-up, so

long-term follow-up is recommended.

Conclusion:

Functional end-to-side anastomosis demonstrates

higher primary patency, significantly better maturation

rates and considerably lower incidence of thrombosis.

Limitations: This was a single-centre study with a short

follow-up period.
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Recommendations:

Functional end-to-side anastomosis is recommended

as the preferred technique. Further multi-centre studies

with larger sample sizes and long-term follow-up are

needed to establish these findings.
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