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AUTHOR YEAR No 1vs2 STAGES STUDY TYPE

Schanzer 2004 2 Primary Restrospective review

Angle 2005 20 staged Restrospective review

Dorobantu 2006 33 staged Restrospective review

Elwakeel 2007 21 staged Restrospective review

Stembengh 2008 17 primary Restrospective review: basilic vs brachial VT

Angle 2008 42 Often staged Restrospective review : BVT vs AVG

jennings 2008 6 staged Restrospective review: basilic and brachial VT

Schanzer 2008 13 11 vs 2 Restrospective review: brachial VT vs AVG vs basilic VT

Casey 2008 17 primary Restrospective review: brachial vs basilic VT

Torina 2008 13 11 vs 2 Restrospective review: brachial VT vs AVG vs basilic VT

Jennings 2009 58 13 vs 45 Retrospective

Lioupis 2011 15 N/A Retrospective review: Brachial VT, basilic VT and 
flixene graft

Lambidis 2013 1 primary Case report

Pham 2017 29 staged Retrospective review, BVT vs AVG

Karam 2018 64 63 staged Retrospective review
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AUTHOR YEAR No 1vs2 STAGES OUTCOMES

Schanzer 2004 2 Primary Both successful at 12 months

2005 staged 85% overall patency at 14 months

2006 staged 85% overall patency at 3-26 months

2007 staged 75.9% cumulative patency at 1 year

2008 primary comparable to basilic VT patency

Angle 2008 42 Often staged BVT > prosthetic grafts in early referral patient, BVT patency not reported 
separately 

jennings 2008 6 staged 4 of 6 BVTs successful; BVT patency not reported separately

Schanzer 2008 13 11 vs 2 Higher complication rate and lower patency rate for primary BVT

Casey 2008 17 primary Comparable patency rates at 12 months

Torina 2008 13 11 vs 2 45.7% functional patency rates at 12 months

2009 13 vs 45 92.4% cumulative patency at 1 and 2 years

Lioupis 2011 15 N/A Basilic VT :Lower reintervention
BVT: lower functional patency rate (18 m)

Lambidis 2013 1 primary Patent at 10 months

Pham 2017 29 staged 62% 1year primary patency

2018 63 staged 60% 1 year secondary patency

91% 1-year secondary functional patency 

Dorabantu 33

Stembengh 42

Jennings 58

Karam 64
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20Angle
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• 64 patients 

• Preoperative vein mapping by venography or 
color duplex ultrasound 

• two stages in all patients but one. 

• Ultrasound-guided local-regional anesthesia 
and no-touch surgical technique without vein 
infusion or distention 



adequate 1-m onth flows of 480, 800, and 1000 m L/m in,

respect ively, and their accesses were abandoned.

There were 50 pat ients who were candidates for

second-stage surgery (superficializat ion). Three pat ients

were lost to postoperat ive follow-up. Vein transposit ion

in an anterior tunnel could not be perform ed in seven

pat ients; d issect ion of the brachial vein was im possib le

in four of these pat ients, includ ing one in whom it was

not feasib le to d issect the m idport ion of the fibrot ic

vein that crossed the brachial artery posteriorly. In two

others, m ajor fibrosis extending cephalad from the anas-

tom osis to the m id-third upper arm prevented any

dissect ion. In the final pat ient , resect ion of a prior polyte-

t rafluoroethylene graft for tunnelizat ion of the brachial

vein was im possib le, and a sim ple elevat ion of the

brachial vein was perform ed. During surgery, two severe

m id-brachial vein stenoses were discovered. In one

pat ient , we were surprised by the sm all caliber of the

veins (< 1.5 m m ), and superficializat ion was canceled.

Success. Of 64 pat ients, 40 (62%) had a funct ional BrVT

that was cannulated for effect ive d ialysis after a m edian

interval of 72 days (15-420 days) from the first stage.

Secondary com plicat ions. One postoperat ive superfi-

cial infect ion was successfully t reated w ith ant ib iot ics.

One hem odialysis access-induced distal ischem ia

occurred. Angiography revealed that the surgeon had

erroneously superficialized the nonarterialized vein,

effect ively creat ing two fistulas. Ischem ia was easily

cured by vascular p lug occlusion of the first anastom osis.

Late com plicat ions. One brachial vein was too short ,

and the axillary vein was successfully superficialized to

add addit ional length. Localized aneurysm al degenera-

t ion at puncture sites occurred at a m edian interval of

2.7 years (range, 2.4-3.7 years) from first -stage surgery.

Five aneurysm s were surgically repaired. One high-flow

fistula was reduced by transposit ion of the rad ial

artery.17 Six pat ients required percutaneous translum inal

angioplasty (PTA) to m aintain patency; four pat ients had

one PTA and two pat ients had three.

Cum ulat ive secondary funct ional patency. For the 40

cannulated pat ients, cum ulat ive secondary funct ional

patency rates (from first cannulat ion; 6 SD) at 1 year,

2 years, and 3 years were 91% (6 5%), 72% (6 8%), and

62% (6 10%), respect ively.

Finally, of the 64 pat ients who were candidates for

BrVT, 50 underwent second-stage superficializat ion,

and 40 were successfully cannulated. Fig 5 shows our

late com plicat ions after successful cannulat ion in these

40 pat ients. At the end of the follow-up period (m edian,

1.62 years [0 .5-11.3 years] ), 1 pat ient had a kidney trans-

plant w ith a patent BrVT at the t im e of t ransplantat ion;

5 pat ients d ied w ith a funct ional BrVT; 8 pat ients were

Fig 3. Outcom es for first - and second-stage procedures (stage 1 and stage 2). AVF, Arteriovenous fistula; BrV,

brachial vein; PTFE, polytetrafluoroethylene.

Fig 4. Peripheral venogram after m ed ial vein occlusion

secondary to arteriovenous graft (AVG) placem ent.

1, Medial brachial vein; 2, lateral brachial vein.
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lost to follow-up; and 10 throm boses were irreversib le

and replaced by 2 fem oral vein t ransposit ions, 1 upper

basilic-axillary superficializat ion, 4 brachioaxillary AVGs,

and 3 perm anent central venous catheters. There were

16 funct ional BrVT accesses.

DISCUSSION

Patency. Our results are sim ilar to those reported by

other authors.7,8,18-20

Anatom y. Deep brachial veins (venae com itantes) are

trad it ionally described as deep, fragile, sm all-caliber,

and paired satellite veins of the brachial artery from the

elbow to the axilla, interconnected by m any collaterals.

The brachial vein, which is m edial to the brachial artery,

is joined by the basilic vein in the higher part of the

upper arm . Near the axilla, the lateral brachial vein

crosses the brachial artery (anteriorly or posteriorly) to

join the m edial brachial vein to form the large axillary

vein.

Anaya-Ayala et al21 have ident ified three types of

brachial and basilic vein anatom y in the upper arm after

preoperat ive color duplex ult rasound m apping in 290

pat ients. Paired brachial veins were present in 83% of

the m apped upper arm s (Fig 6). The m edial brachial

vein has the m ost d irect path to the axillary vein. Pat ients

w ith type 2 or type 3 (short basilic vein, 34% of popula-

t ion) are occasionally but erroneously included in cohorts

of brachial vein superficializat ion pat ients. In fact , as

pointed out by Schanzer, these pat ients received a trans-

posit ion of an init ially large and resistant basilic vein w ith

som e proxim al deep brachial vein extension.8

Another variant of brachial anatom y is an early bifurca-

t ion of the brachial artery originat ing anywhere from

above the elbow to the axilla. In these pat ients, the

m ost superficial vessels in the elbow under the bicip ital

fascia are not brachial vessels but sm all-caliber rad ial

artery and veins; the larger ulnar-interosseous artery

and veins are m ore deeply situated.22 Surprisingly, this

frequent variat ion (15%-25% of the populat ion) is rarely

m ent ioned in angioaccess art icles or even those related

to BrVT. In such a situat ion, in perform ing first -stage

BrVT, it m ight be preferable to create the anastom osis

w ith the larger ulnar-interosseous artery and veins

that are beneath the thin rad ial vessels, know ing there

is a risk of inducing high flow . If, during the second-

stage surgery, sm all-caliber veins (< 1.5 m m ) are encoun-

tered com pared w ith duplex flow m easurem ents

> 300 m L/m in in the brachial artery, a high brachial artery

bifurcat ion should be suspected w ith deeper large

ulnar-interosseous vessels. Early in our experience, as

m ent ioned before, after the second-stage elbow incision

in one pat ient , we were surprised by the sm all caliber of

the veins (< 1.5 m m ). Retrospect ively, we suspect that a

deeper init ial ulnar-interosseous anastom osis had been

created at the first stage w ith an unident ified high

brachial artery bifurcat ion.

Microsurgery. Both of our surgeons used a surgical

m icroscope.23,24 In our experience, after t raining on rats

in the laboratory, m icrosurgery for AVF creat ion resulted

in a dram at ic benefit in wrist AVF creat ion, m aturat ion,

and early and long-term patency rates. An operat ing

m icroscope is m andatory for pediat ric access, very

helpful for w rist fistulas in adults, and m ost recom -

m ended for first -stage BrVT. Microscopes are available in

m any inst itut ions and are rout inely used in m any

specialt ies, includ ing access surgery.

Choice of the vein. Accurate evaluat ion of both brachial

veins w ith color duplex ult rasound and venography m ay

be difficult because of their sm all caliber (to our know l-

edge, no publicat ions w ith m easurem ents), deep loca-

t ion under the aponeurosis, and presence of m any

collaterals. The use of a tourniquet is of lit t le help in

studying the diam eter, patency, cont inuity, and elast icity

of each vein. Moreover, at surgery, it m ay be difficult to

d iscrim inate between the lateral and m edial brachial

veins in case of slight rotat ion of the upper arm . Finally,

it m ay be challenging to ident ify an early bifurcat ion of

the brachial artery before the vessels d ilate after the

first -stage anastom osis.

Fig 5. Outcom es after second-stage surgery. BrVT, Brachial vein transposit ion; HAIDI, hem odialysis access-

induced d istal ischem ia; PTA, percutaneous translum inal angiop lasty.
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com plicat ions that precluded any secondary operat ion

or second-stage superficializat ion. Three of them pre-

sented w ith m ajor upper extrem ity edem a, which

unm asked a high-grade central vein stenosis associated

w ith an indwelling ipsilateral CVC. This occurred before

our rout ine use of preoperat ive venography. The fistulas

were closed by percutaneous insert ion of a vascular p lug

in the perianastom ot ic segm ent of the vein.16 There were

four nonm aturat ions before the second stage w ith

flow < 300 m L/m in com pared w ith a m edian flow of

1250 m L/m in (660-2000 m L/m in) in the 40 pat ients who

had a patent fistula after superficializat ion. Three

pat ients had out flow stenosis. In one pat ient , the stenosis

was related to a fistula erroneously created using the

m edial brachial vein while this vein was interrupted

proxim ally after a previous upper arm AVG (Fig 4). In the

other two pat ients, the arterialized lateral brachial vein

was com pressed on crossing the brachial artery posteri-

orly to join the m edial vein. All three pat ients experi-

enced throm bosis before the second stage despite

Tab le. Characterist ics of the pat ients (N ¼ 64)

End-stage renal d isease Sickle cell d isease Short bow el syndrom e

Patient s 54 9 1

Male/fem ale 30/24 3/6 1/0

Age, years 52 6 24 (32-84) 20 6 5 (11-30) 24

Weight, kg 61 6 12 (37-86) 43 6 2 (35-63) 63

BMI 23.4 6 9.0 (14.5-32.4)a 15.8 6 0.6 (15.2-4.5) 20.6

Diabetes 38% 0% 0%

Hypertension 51% 0% 0%

Tobacco 7% 0% 0%

HIV or HCV infect ion 3 0 0

Treatm ent Hem odialysis Red blood cell exchanges Parenteral nutrit ion

Treatm ent age, years 7.3 6 5.1 (00-35)b 7.4 6 6.6 (0.8-14) 14

Current angioaccess AVF, 29%

CVC, 71%

Im plantab le port , 60%

Nonarterialized vein, 40%

CVC

Sam e upper arm previous angioaccess n ¼ 32 (50%)

BCAVF (n ¼ 10)

BrVT (n ¼ 18)

PTFE brachial-axillary (n ¼ 4)

0 0

Previous kidney transplant 4 1 N/A

AVF, Arteriovenous fistula; BCAVF, brach ial-cephalic AVF; BMI, body m ass index; BrVT, brach ial vein transposit ion; CVC, central vein catheter;
HCV, hepat it is C virus; HIV, hum an im m unodeficiency virus; N/A, not applicable; PTFE, polytetrafluoroethylene.

Cont inuous variables are presented as m ean 6 standard deviat ion (range).
aThree pat ients w ith BMI > 30.
bOne pred ialysis pat ient .

Fig 1. Vein d issect ion w ith ligat ion of collaterals: 1, m ed ial

brachial vein; 2, brachial artery; 3, m ed ian nerve.

Fig 2. Brachial artery-brachial vein transposit ion (BrVT)

arteriovenous fistula (AVF). Kaplan-Meier survival curves

w ith num ber of pat ients at risk. Patency rate standard

errors # 10%.
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