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Abstract

Introduction

With increasing prevalence of chronic kidney disease 

worldwide, the demand for long-term renal replacement 

therapy is on the incline. Apart from renal transplantation, this 

includes sustainable vascular access for long-term 

haemodialysis, often requiring secondary and tertiary access. 

Objective

To assess the place of Transposed Brachio-Basilic Arterio-

Venous Fistula (TBB-AVF) as a second line access compared 

to prosthetic Aretrio Venous Grafts (AVG), with emphasis on 

functional patency and access related morbidity and 

mortality. 

Study Design

A prospective cohort study (January 2014 to March 2016) 

comparing TBB-AVF and AVG, at the National Institute of 

Nephrology Dialysis and Transplantation, Colombo, Sri 

Lanka.  

All patients where venous mapping revealed no suitable 

cephalic vein were included. Those who preferentially opted 

for a central venous catheter, those requiring urgent initiation 

of dialysis or considered unfit for TBB-AVF or AVG creation 

were excluded. TBB-AVF was performed where the basilic 

vein was patent and >2 mm. AVG was used when it was 

<2mm or when haemodialysis was expected to commence 

within 4 weeks. 

Results

459 patients were enrolled; 382(83%) TBB-AVF and 

77(17%) AVG. Mean follow-up was 11(± 4.8) months. 

There were 9 deaths, all >4 weeks from access creation and 

not directly related to the access. The all-cause mortality rate 

was 5/382 (1.3%) TBB-AVF and 4/77 (5.2%) AVG; p=0.02. 

Surgical site infections were seen in 24 (6.4%) TBB-AVFs 

and 10 (13.7%) AVGs; p=0.03. The overall functional patency 

at six months was 307/375 (81.9%) in TBB-AVF and 57/73 

(78.1%) in AVGs; p = 0.45. 

Conclusion

TBB-AVF provide comparable medium term functional 

patency to AVG and are associated with a significantly less 

incidence of all-cause mortality and surgical site infection.

Introduction

The global incidence and prevalence of End Stage Kidney 

Disease (ESKD) has shown a general upward trend. Although 

data from England show stable numbers [1], the trend in other 

regions including South Asia, United States and Australasia is 

a steady increase [2-5]. This, coupled with increased life 

expectancy places a constant demand for renal replacement 

therapy [6]. Although transplantation is the best solution for 

ESKD [7], the scarcity of organs is a global problem [8], 

resulting in an ever-expanding pool of patients requiring 

long-term dialysis and options for vascular access [9].

Haemodialysis requires access via an Autologous Arterio-

Venous Fistula (AAVF), Arterio-Venous Graft (AVG) or a 

Central Venous Catheter (CVC). AAVF is considered the 

optimum vascular access due to long-term durability and 

minimum morbidity [10-12]. The preferred vein for primary 

AAVF is the cephalic vein at the anatomical snuff-box or ante-

cubital fossa [13, 14]. When the cephalic vein is not available, 

there has been a general inclination to use CVC or AVG, 

ahead of 'second line' AAVF options such as Transposed 

Brachio-Basilic fistula (TBB-AVF) [15, 16].  

Background

Despite global recommendations and the 'Fistula-First 

Breakthrough Initiative'[9], the use of TBB-AVF over AVG as 

a second-line vascular access has been modest [17]. AVG 
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involve the use of prosthetic grafts with inherent risks of 

infection and thrombosis [18-20], in addition to the escalated 

costs of grafts and associated possible re-interventions to 

maintain patency [20,21]. 

The basilic vein lies in a deeper plane than the cephalic, hence 

being spared from routine cannulation. It is anatomically 

wider than the cephalic, making it more suitable for AAVF 

creation. However, its deep location and proximity to the 

neuro-vascular bundle make it unsuitable for regular 

cannulation in-situ. This is circumvented by either 

superficialization or transposition of the vein away from its 

natural lie [22-24]. Both procedures require general or 

regional anaesthesia and extended dissection with the 

possibility of wound related complications; making it a less 

popular option for vascular access.

‘Superficialization' involves dissecting the vein along its path, 

ligating the tributaries, bringing it superficial to the fascia and 

suturing the fascia underneath the fistula [22, 25]. However, 

this places the fistula directly underneath the surgical scar 

causing increased pain during cannulation. 'Transposition' 

takes the vein away from its natural path altogether, 

superficial to the fascia and lateral to the harvesting incision 

[22, 26] (Figure 1). Transposition can be performed as a 

single-stage operation where the superficial tunneling and 

anastomosis of the vein is all done in one sitting. Alternatively, 

it can be performed in two stages; first stage involving a 

brachio-basilic anastomosis at the cubital fossa, followed by 

an interval of 4-6 weeks for maturation and a second stage of 

lateral transposition [27]. Studies have not shown a significant 

clinical difference in outcomes between primary or staged 

transposition [28, 29]. 

Aims

Although the place of TBB-AVF has been studied previously 

[22, 30], there is limited data comparing its efficacy compared 

to AVG [31-34]. The existing studies are mostly retrospective 

with only one prospective multicenter trial [35]. Aim of this 

study was to prospectively compare outcomes of TBB-AVF 

and AVG in terms of patency for dialysis, mean flow rates, re-

intervention rate and associated morbidity or mortality. 

Primary patency was defined as satisfactory patency 

demonstrated on Duplex Ultra Sound (DUS). Primary 

assisted patency was defined as patency 'maintained' by 

secondary interventions (fistuloplasty, thrombectomy). 

Secondary patency was defined as patency  're-established' 

after early thrombosis. Functional patency was defined as 

sustained patency with successful use in haemodialysis. 

Study design

This was a prospective, non-randomized cohort study of all 

vascular access performed at the Vascular Surgical Unit of 

National Institute of Nephrology, Dialysis and Transplant-

ation (NINDT), Sri Lanka from January 2014 to March 2016. 

Although there are over 12 centers providing vascular access 

services in Sri Lanka, NINDT is the only 'dedicated' center for 

Nephrology and Vascular access, where approximately 30% 

of procedures are for referrals of previously failed access 

procedures. NINDT Vascular surgical unit comprises of a 

single specialist vascular surgeon and support staff, with the 

specialist surgeon performing all access operations, 

averaging 25 procedures per week.

The selection of access site was based on National Kidney 

Foundation (NKF)-Kidney Disease Outcomes Quality 

Initiative (KDOQI) guidelines [11]. All patients underwent 

preliminary clinically assessment and DUS vein mapping. 

Clinical assessment included examination of potential veins, 

overlying skin, arterial pulse, blood pressure and ability to 

exercise the hand. DUS vein mapping was done by a trained 

vascular radiologist or surgeon in accordance with accepted 

guidelines [36]. A viable cephalic vein >2mm at the wrist or 

>3mm at the elbow, assessed without a tourniquet, was 

considered the first preference. 

All patients in whom DUS revealed no suitable cephalic vein 

in either arm were included in the study. After initial 

assessment and counselling, those who preferentially 

requested a tunneled CVC over an AVF were excluded. 

Furthermore, patients who 'crash-landed' to hospital requiring 

urgent CVC for immediate use and those who were deemed 

medically unfit for anaesthesia to carry out TBB-AVF or AVG 

creation were also excluded. 

TBB-AVF was attempted in all who had a patent basilic vein 

>2 mm without a tourniquet. AVG was used when no suitable 

basilic vein was seen or when it was presumed that 

haemodialysis would be initiated within 4 weeks of access 

creation. All AVG used Expanded Polytetrafluoroethylene 

(ePTFE Jotec®) grafts with a wall thickness of 0.5 mm and 

internal diameter of 6 mm [37, 38]. In TBB-AVF, basilic vein 

transposition was done in preference to superficialization, as 

the standard practice in the unit. Primary transposition was 

done when the vein diameter was > 4 mm, while all others had 

staged transposition after 4-6 weeks. General anaesthesia or 

sedation was used in all second stage transpositions, primary 

transpositions and AVG creations. All transposition and AVG 

were covered by 3 doses of prophylactic intravenous 

antibiotics (cefuroxime or co-amoxiclav). Intra-operative 

heparin 5000 IU was given 2 minutes prior to arterial 

clamping. Post-operative Aspirin 75 mg daily was used unless 

medically contra-indicated. 

The arterial inflow was the brachial artery at the cubital fossa. 

In AVG, venous outflow was the axillary vein approached via 

a trans-axillary incision. All anastomoses used 7/0 

polypropylene continuous suture with an end-to side 
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configuration. All TBB-AVF were actively encouraged on 

isometric hand-arm exercises at each planned patient contact 

[39, 40]. 

Primary and primary assisted or secondary patency was 

assessed by DUS and defined as an uninterrupted flow rate of  

> 600 ml/min. Functional patency was defined as the 

successful use in haemodialysis with a flow rate of  > 600 

ml/min without significant recirculation, sustaining dialysis 

for 4 hours [41, 42]. 

All patients were followed up with DUS at 1, 4, 8 and 12 

weeks and whenever clinically indicated thereafter [17]. DUS 

was done using HDI 5000 (Philips Healthcare, USA) machine 

with a 7.5 MHz linear transducer. Flow rate measurements 

were done using doppler quantitative colour flow 

measurement [43, 44] before dialysis initiation and 

Transonic® (Transonic systems Inc. USA) ultra-sound 

dilution technique after initiation [45-47]. Patency 

assessments were done within the first hour of initiating 

dialysis before the onset of significant fluid shifts.  

Any stenosis on DUS or persistent high venous pressures 

during haemodialysis were evaluated by fistulogram. 

Delayed maturation of TBB-AVF with a flow <400 ml/min at 

6 weeks post-surgery was also referred for fistulogram [10]. 

Any significant stenosis confirmed on fistulogram was 

managed by surgical or endovascular fistuloplasty. 

Mechanical stents were not used due to unavailability. 

Surgical thrombectomy was performed wherever there was 

partial or complete thrombosis and when it was deemed 

salvageable. Successful thrombectomy was followed by oral 

anticoagulation for 4 weeks in addition to aspirin. 

Surgical Site Infections (SSI) and other complications were 

documented and categorized according to the Clavien-Dindo 

[48], Accordion [49] classification systems. They were 

categorized as minor (requiring out-patient wound care), 

moderate (requiring admission, intra-venous antibiotics), 

severe (requiring admission, intravenous antibiotics, surgical 

drainage, exploration and/or having systemic sepsis) and 

death (access surgery related death). The incidence of access 

related 'steal syndrome' with distal ischaemia was also 

studied. The preferred option for management of limb 

threatening 'steal' was Distal Revascularization and Interval 

Ligation (DRIL) [50,51], using autologous great saphenous 

vein. 

All data was collected prospectively using a computerized 

database in a Microsoft excel worksheet (Microsoft, USA). 

Analysis was done using SPSS for Windows, software version 

21.0 (SPSS Inc., USA) [52]. Continuous data was described 

as means (± standard deviation) and compared using student t-

test. Categorical data was described as percentages and 

compared using the Pearson's Chi-square test. A p value of 

<0.05 was considered statistically significant.

Results

There were 2089 consecutive vascular access procedures 

during this period. Among them, 541 were eligible for the 

study after initial assessment. 82 were subsequently excluded; 

21 preferentially opting for peritoneal dialysis, 19 considered 

medically unfit and referred for tunneled CVC and 42 referred 

for CVC due to patient preference or urgency of 

haemodialysis. 459 patients were finally enrolled (Figure 2). 

Among them, 382 (83%) had TBB-AVF while the remaining 

Table 1. The baseline characteristics of the two groups

77 (17%) who had no viable basilic vein on DUS, had AVG 

creation.

The baseline characteristics of the two groups including 

gender, age, presence of diabetes mellitus and peripheral 

vascular disease were comparable (Table-1). 

The mean follow-up was 11(±4.8) months. Follow up data at 

six months was considered for comparison. There were 9 

deaths during the first six months, all occurring beyond 4 

weeks and not directly related to access surgery. The causes of 

death were myocardial infarction (05), left ventricular failure 

(02) and pneumonia (02). The all-cause mortality rate was 

5/382 (1.3%) in the TBB-AVF group and 4/77 (5.2%) in the 

AVG group, with statistical significance at a p value of 0.02. 

Two patients with TBB-AVF migrated overseas within the 

first six months and were lost to surveillance. Calculated six-

month follow up data was complete in 448 (375 TBB-AVF, 73 

AVG) patients (97.6%). 

Among the TBB-AVF, 23 were found to have stenotic 

segments or partial thrombosis during surveillance. Fifteen 

such fistulae were salvaged successfully by fistuloplasty or 

thrmobectomy, achieving satisfactory primary assisted 

patency. A further 49 fistulae demonstrated poor maturation 

[36] or complete thrombosis [13] and were considered 

unusable. These, along with the 08 fistuale that re-thrombosed 

despite initial thrombectomy, required alternate access with 
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AVG or CVC. 

Seventeen AVG showed evidence of intra-luminal thrombi 

conservatively. Clinically significant 'steal' with digital 

ischaemia was seen in one patient (TBB-AVF, 4 months after 

creation), requiring a DRIL procedure and index finger 

amputation. The re-intervention rate to maintain or re-

establish patency was 23/375 (6.1%) for TBB-AVF and 7/73 

(9.6%) for AVG, with no statistical significance (p= 0.28).   

Discussion

The 'Fistula-first breakthrough initiative' of the NKF and its 

recommendations were aimed at achieving early referral for 

access creation. It aimed at 66% vascular access by AAVF 

[53-55] and at least 70% of new dialysis initiations to be via 

AAVF. Nevertheless, the results have fallen well below these 

targets with late referrals and sustained use of AVG and CVC 

[9]. Therefore, the exact place of TBB-AVF in the treatment 

algorithm where cephalic vein access in not achievable, is still 

somewhat controversial [21]. 

Many of the existing studies concerning AVG and its role in 

long-term haemodialysis are retrospective [22, 23, 56] with 

only one prospective multicenter trial comparing AVG to 

TBB-AVF [35]. In summary, these studies found that while 

AVG provided comparable access patency, they carried 

higher rates of all-cause mortality, morbidity, re-intervention, 

readmission and overall institutional costs. 

An AAVF is preferable for long-term haemodialysis due to its 

durability, minimal risk of thrombosis and infection as well as 

cost-effectiveness [57,58]. The reported 1-year functional 

patency in brachio-cephalic fistula is 70-91% [59, 60]. Early 

reports of basilic fistulae reported poor patency rates at 50-

60% [61, 62]. However, with protocol-based surveillance and 

early intervention for stenoses, the functional patency rate of 

TBB-AVF has increased remarkably, reaching up to 90% and 

comparable to brachio-cephalic fistulae [27, 59, 63]. In 

comparison, the 1-year patency rates of AVG have remained 

comparatively low around 50-70% [59].   

Our results showed comparable primary, primary assisted or 

secondary patency and functional patency rates for TBB-AVF 

and AVG. Although our patency rates were for 6 months, 

Table 2.  Comparison of Results

during DUS surveillance. Ten such AVGs presented late with 

associated SSI or significant inflammation, requiring graft 

explantation. Five had successful thrombectomy and 

anticoagulation going on to demonstrate sustained secondary 

patency. Two AVG re-thrombosed after initial thrombectomy 

and were referred for tunneled CVC as alternate access. 

The comparison (Table – 2)

The overall patency rates between the two groups did not 

show any significant difference. Primary patency rates for 

TBB-AVF and AVG were 303/375 (80.8%) and 56/73 

(76.7%) respectively, p=0.42. The primary assisted or 

secondary patency rates were 318/375 (84.8%) and 61/73 

(83.6%), p=0.78 while the functional patency was 307/375 

(81.9%) and 57/73 (78.1%) respectively, p=0.45. The mean 

flow rate on DUS was 733 (±147) ml/min and 749 (±118) 

ml/min for TBB-AVF and AVG respectively, with no 

significance in the difference (p = 0.11). 

There were no documented anastomotic or puncture-site 

pseudo aneurysms during the study period. SSI was seen in 24 

TBB-AVF (24/375, 6.4%) and 10 AVG (10/73, 13.7%), with 

statistical significance (p = 0.03). Four of these TBB-AVF 

progressed to thrombosis and eventual failure while the 

remaining 20 were successfully managed by local wound care 

and antibiotics. All 10 AVGs that demonstrated significant 

infection were explanted. 

Surgical site haematoma formation was seen in 19 TBB-AVFs 

(5%) and 04 AVGs (5.4%), with no statistical significance at a 

p value of 0.88. Two TBB-AVF related haematomas required 

surgical evacuation due to fistula compression. Minor 

haematoms with no compressive features were managed 

Figure 1.
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having a centralized database and surveillance system, being 

the only designated hospital for renal care and being an island 

with a relatively small geographical distribution contributed 

to our very small drop-out rate. Most of the existing literature 

for TBB-ABF and AVG showed inherent differences in 

patient characteristics, with a general inclination of AVG in 

females, older patients and those with diabetes [64]. Our study 

comprised a wide cross section of patients from the entire 

country, where the baseline characteristics were largely 

comparable (Table -1). 

The single most important factor attributed to poor long-term 

patency in AVGs is neo-intimal hyperplasia at the anastomotic 

site [65]. This is thought to be caused by shear-stress injury at 

the venous anastomotic site due to turbulent flow and intimal 

trauma. Numerous improvisations have been attempted to 

minimize this with limited success, including use of a venous 

cuff [66] and staples or nitinol clips instead of sutures [67, 68]. 

However, there are no randomized control trials to 

demonstrate any compelling evidence of their superiority 

over standard end to side anastomosis using polypropylene 

sutures used in our study.

The most commonly used material for AVG is expanded 

polytetrafluoroethylene (ePTFE). Over the last two decades, 

numerous modifications have been introduced to increase 

patency, reduce thrombosis and infection, including heparin 

bonding, and antibiotic impregnation. Although showing 

certain advantages such as the ability for early cannulation, 

there is paucity of robust data to prove superiority of one 

material over the other [69, 70]. 

Access flow rates can be measured in various ways including 

direct doppler quantitative measurement and the indirect 

ultra-sound dilution technique. Direct doppler quantitative 

testing is quick, non-invasive and simple, although carrying 

significant operator variability and bias based on operator 

experience and angle of the doppler probe [45]. Ultra sound 

dilution measurement is considered the 'gold standard' [45, 

46], as it excludes operator variability and is more objective. 

However, this involves invasive testing and thereby is useful 

only in patients already initiated on dialysis. We used doppler 

method in the pre-dialysis assessments and ultra sound 

dilution technique after dialysis initiation. 

Although not directly related to access creation, this study 

showed a significant increase in all-cause mortality within 

AVG group. This was similar to the findings in other studies 

showing the same increased trend of all-cause mortality with 

AVG or CVC [71, 72]. Numerous studies have also shown an 

increased risk of SSI with AVG [73, 74]. Infection was also the 

second commonest cause of death among patients dialyzing 

with AVG, after cardiac causes [75, 76]. Our results also 

showed a significant increase in SSI with the AVG group. 

However, contrary to other reports [57], we did not observe 

any significant increase in other morbidities such as 

haematoma, pseudo aneurysms or 'steal'. The management of 

an infected vascular access is always challenging. SSI in 

AAVF can often be successfully managed by oral or 

intravenous antibiotics alone while in AVG it often requires 

aggressive debridement or explantation [77]. 

Conclusions     

Ÿ TBB-AVF shows excellent medium-term patency 

when constructed in a planned systematic manner. 

The primary, primary assisted, secondary and 

functional patency rates are comparable to AVG. 

Ÿ A mature TBB-AVF gives comparable flow rate to an 

AVG, thereby allowing adequate and satisfactory 

dialysis. 

Ÿ Use of AVG is associated with a significantly 

increased all-cause mortality and SSI rate compared 

to TBB-AVF. Management of such SSI is often 

difficult, expensive and requires admission, 

explantation and prolonged intravenous antibiotics. 

Ÿ Other access complications such as haematoma, 

pseudo aneurysms and distal 'steal' syndrome were 

comparable between TBB-AVF and AVG.

Ÿ The rate of re-interventions was comparable between 

the two groups.

Limitations

This was a single center study involving a single unit 

experience. Furthermore, only medium-term results were 

analysed at 6 months of follow-up. The nature of the study did 

not allow randomization or blinding. Despite the comparable 

baseline characteristics, selection bias could not be eliminated 

based on diameter of basilic veins and availability of 

prosthetic grafts. Although no significant difference among 

commercially available grafts has been demonstrated, a 

bigger study involving a wider array of prosthetic grafts may 

have been useful.

The numbers in the two groups were not comparable. Any 

potential difference in the outcomes between primary and 

staged transposition was not considered in the analysis 

although this has been widely investigated elsewhere. Other 

confounding variables such as patient age, presence of 

diabetes, underlying cause of ESKD were not included. An 

actual cost analysis could not be carried out due to the 

logistical limitations in a state-run free health care system. A 

patient satisfaction survey for access creation and comfort 

during haemodialysis as well as nurse satisfaction during 

needling was not performed.
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Future directions

Every effort should be made to construct an AAVF in 

preference to AVG. A prospective study undertaken to 

evaluate the relevant outcomes overcoming some of the above 

limitations would give more robust data allowing us to draw 

better conclusions. A longer follow up would also be useful in 

deciding the place of each of these vascular access modes for 

long term use. A proper costing structure accounting for 

material costs of grafts as well as operation costs for staged 

TBB-AVF and possible re-intervention would allow 

institutions to make additional recommendations on this area.

All authors disclose no conflict of interest. The study was conducted 

in accordance with the ethical standards of the relevant institutional 

or national ethics committee and the Helsinki Declaration of 1975, as 

revised in 2000. 
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