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Perforating Vein-Brachial Artery
Anastomosis as an Alternative to
the Conventional Arterio-Venous

Fistulae for Haemodialysis:
Mid-Term Follow-up Results

AABBSSTTRRAACCTT  OObbjjeeccttiivvee:: We sought to determine the usefulness of the brachial artery to perforating
vein anastomosis created for haemodialysis by evaluating cardiac performance, patency rate of and
maturation time to arterio-venous fistula (AVF), reintervention need and morbidity of the
procedure. MMaatteerriiaall  aanndd  MMeetthhooddss::  Thirty two end stage renal disease patients in whom previous
radio-cephalic anastomosis had failed or radial artery and cephalic vein were not suitable for an
anastomosis were prospectively included in this study. In the postoperative period, cardiac
performance, patency rate, maturation time, and morbidity were evaluated. RReessuullttss:: The median
follow-up time was 14 (12-22) months. Twenty seven patients (27/32, 84%) successfully developed
maturity at the end of the follow-up period. The median time for maturation of AVF was 3,4 weeks.
Primary and secondary patency rates were 68% (22/32) and 84% (27/32) respectively. Ten patients
required reintervention. In 5 patients patency was achieved through thrombectomy. In 5 patients
reintervention was not successful to maintain haemodialysis. Two patients with findings of venous
hypertension were treated conservatively. Ischemic findings or steal phenomenon were not
observed. Ejection fraction, stroke volume and cardiac output have increased. Nonetheless, high
output cardiac failure was not recorded. CCoonncclluussiioonn::  In patients with an unfunctional wrist fistula
or those in which a wrist fistula is not possible to form due to vascular structure, the perforating vein
to brachial artery anastomosis at elbow level is a reasonable preference due to high patency rate,
early maturation time, lower complication rate, and favorable hemodynamic effects.  

KKeeyy  WWoorrddss:: Arteriovenous fistula; vascular patency

ÖÖZZEETT  AAmmaaçç::  Hemodiyaliz amacıyla brakiyal arter-perforan ven anastomozunun etkinliğinin değer-
lendirilmesi ve olgunlaşma zamanının, açık kalma oranlarının, girişim gerekliliğinin ve işleme ait
morbiditenin belirlenmesidir. GGeerreeçç  vvee  YYöönntteemmlleerr::  Daha önce radio-sefalik arteriyo-venöz fistül
(AVF) açılan ve başarısız olunan ya da radiyal arter veya sefalik venin anastomoz için uygun ol-
madığı 32 hasta prospektif olarak değerlendirildi.Postoperatif periyodda açık kalma oranı, olgun-
laşma zamanı, kardiyak performans üzerine etkileri ve morbidite değerlendirildi. BBuullgguullaarr::  Ortalama
14 (12-22) haftalık takip süresinde %84 (27/32) hastada AVF başarılı bir şekilde ortalama 3.4 haf-
talık bir sürede olgunlaştı. Primer ve sekonder açık kalma oranları sırasıyla %68(22/32) ve %84
(27/32) idi. Beş hastada açık kalma trombektomi ile sağlandı. Venöz hipertansiyon gelişen2 hasta
konservatif yöntemler ile tedavi edilirken hiçbir hastamızda arteriyel iskemi bulgusu gelişmedi.
Ejeksiyon fraksiyonu, kardiyak output ve strok volüm artmış olmasına rağmen yüksek debili kalp
yetmezliği tespit edilmedi. SSoonnuuçç::  Brakiyal arter-perforan ven anastomozu; uygunsuz damar yapısı
nedeni ile açılamayan ya da fonksiyonel olmayan el bileği bölgesindeki fistüller için, yüksek açık
kalma oranları, erken olgunlaşma zamanı, düşük komplikasyon ve olumlu hemodinamik etki-
lerinden ötürü  iyi bir alternatiftir.

AAnnaahhttaarr  KKeelliimmeelleerr::  Arteriyovenöz fistül; damar açıkkalımı
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e cently, li fe ex pec tancy of pa ti ents with end
sta ge re nal di se a se (ESRD) has pro lon ged
with in cre a sed ex pe ri en ces in ha e mo di aly -

sis. Subs tan ti al de ve lop ments in the fi eld of re nal
trans plan ta ti on sur gery al so in cre a sed li fe ex pec -
tancy; ho we ver li mi ted num ber of do nors is the
ma jor chal len ge. The re fo re, con ti nu e he mo di aly sis
is still a li fe style for the se pa ti ents and the ne ed for
cre a ti on of ar te ri o ve no us fis tu las (AVF) per sists.
AVF’s are ex pec ted to ha ve a long pa tency ra te wit -
ho ut comp li ca ti on. Many pa ti ents re qu i re mo re
than one fis tu la in the ir li fe ti me. Thus, an AVF
sho uld be cre a ted by the prin cip le of pe rip hery to
cen trum. In many pa ti ents ra di o-cep ha lic AVF is
the first cho i ce du e to its low comp li ca ti on ra te and
easy ac ces si bi lity.1 Ho we ver, in pa ti ents with
ESRD, dis tal cep ha lic ve ins fre qu ently ha ve a po or
flow and ra di al ar tery can be cal ci fic.2-5 In such ca -
ses, new met hods easy to per form with low comp -
li ca ti on ra tes and high pa tency ra tes are re qu i red.
The se con dary vas cu lar ac cess pro ce du re of cho i ce
is the for ma ti on of an au to ge ne o us (na ti ve) ve in
AVF at the el bow.6 The pro xi mal fo re arm an te cu -
bi tal fis tu la des cri bed by Gracz7 is a va lu ab le op ti -
on for ma in te nan ce ha e mo di aly sis in pa ti ents with
da ma ged ve ins at the wrist or ad van ced at he rosc -
le ro tic and cal ci fi ed ra di al ar te ri es. So me mo di fi ca -
ti ons of Gracz fis tu la we re ma de by Ben der et al,8

and Kon ner et al9 by cre a ting a si de-to-si de anas to -
mo sis bet we en brac hi al ar tery and me di al an te cu -
bi tal ve in with or wit ho ut li ga ti on of the
per fo ra ting branch res pec ti vely. Re cently, pro mi -
sing re sults ha ve be en de mons tra ted in el bow fis tu-
las by cre a ting a ra di al ar ter y- per fo ra ting ve in10 and
brac hi al ar ter y- me di an an te cu bi tal ve in anas to mo -
sis.11 Li ga ti on of the per fo ra ting ve in can al so be ad -
ded to this ope ra ti on.12 Ho we ver, ef fi cacy of a
per fo ra ting ve in to brac hi al ar tery fis tu la ne eds to
be pro ven. Thus, we ha ve eva lu a ted the use ful ness
and sa fety of the per fo ra ting ve in to brac hi al ar tery
anas to mo sis and dis cus sed the early and la te re sults
of this pro ce du re. 

MATERIAL AND METHODS
Thirty two pa ti ents who re qu i red AVFs for con ti -
nu e ha e mo di aly sis we re inc lu ded in this study.

Twenty fo ur pa ti ents had fa i led ra di o-cep ha lic fis-
tu las. In eight pa ti ents, brac hi al ar tery-per fo ra ting
ve in anas to mo sis was the first cho i ce be ca u se of
the un su i ta bi lity of ra di al ar tery and/or cep ha lic
ve in for an anas to mo sis. Cha rac te ris tics of the pa-
ti ents such as age, gen der, his tory of to bac co use
and me di cal his tory are pre sen ted in Tab le 1. No -
ne of the pa ti ents re ce i ved exo ge no us eryt hro po e -
tin du ring the study pe ri od. Ec ho car di og raphy was
per for med pri or to and 6 we eks af ter the cre a ti on
of the ar te ri o ve no us ac cess (Tab le 2). M-mo de me -
a su re ments we re per for med for the fol lo wing pa-
ra me ters: left ven tri cu lar end di as to lic and end
systo lic di a me ters, shor te ning frac ti on, left at ri al
di men si on, in ter ven tri cu lar sep tal end di as to lic
and end systo lic di a me ter, left ven tri cu lar pos te ri -
or wall end di as to lic and end systo lic di a me ter.
The fol lo wing pa ra me ters we re cal cu la ted using

Age (years) 58.4 ± 16.7

Gender (male/female) 18 / 14

Diabetes mellitus (n, %) 25 (78%)

Hypertension 28 (87%)

Smoking 10 (31%)

Peripheral artery disease 8 (25%)

Coronary artery disease 10 (31%)

Serum creatinine level (mg/dL) 8.67 ± 3.74

Hemoglobin level (g/dL) 10.0 ± 1.88

TABLE 1: Baseline characteristics of the study patients.

Before After P

Stroke volume (mL) 74.8 ± 6.8 88.2 ± 8.0 0.015

Ejection fraction (%) 60.8 ± 5.0 66.2 ± 6.3 0.028

Shortening fraction (%) 33.2 ± 3.5 37.6 ± 4.0 0.024

Cardiac output (L/dk) 5.26 ± 0.95 6.62 ± 1.32 < 0.001

LVEDD (mm) 50.2 ± 3.5 54.4 ± 4.2 0.045

LVESD* (mm) 34.8 ± 3.1 35.1 ± 2.9 NS

IVS thickness* (mm) 12.5 ± 1.8 13.0 ± 1.6 NS

Posteriyor wall thickness* (mm) 12.0 ± 1.5 12.4 ± 1.9 NS

TABLE 2: Echocardiographic findings before and after
a-v access operation.

LVEDD-LVESD: Left venticular end-diastolic and end-systolic diameters
IVS: Interventricular septum, * these parameters did not changed significantly (p> 0.05)
t-test for paired samples was used for statistical analyses.  
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Te ic holtz met hod: end di as to lic and end systo lic
vo lu me, stro ke vo lu me, ejec ti on frac ti on, car di ac
out put and car di ac in dex. Ec ho car di og rams we re
per for med using GE-Vi vid 4 car di o vas cu lar ul tra -
so und equ ip ments.  

Ma tu ra ti on ti me was de fi ned as the in ter val
bet we en cre a ti on of the fis tu la and its func ti o nal
use for ha e mo di aly sis. Func ti on was de fi ned as
the abi lity to per form ha e mo di aly sis with an ad-
e qu a te blo od flow in at le ast fi ve con se cu ti ve di -
aly sis ses si ons. Pri mary pa tency was de fi ned as
the pa tency in the in ter val bet we en the ini ti al op-
e ra ti on and eit her fis tu la fa i lu re or ne ed for re in -
ter ven ti on. In this in ter val, the pa ti ents co uld
un der go ha e mo di aly sis using the fis tu la ef fec ti -
vely. Se con dary pa tency was des cri bed as the pa-
tency af ter any re in ter ven ti on in ad di ti on to the
pri mary pa tency. Re in ter ven ti ons we re de fi ned
as th rom bec tomy, bal lo on fis tu lop lasty and dra i -
na ge of he ma to ma. Ve no us hyper ten si on was de-
s cri bed as the pre sen ce of swel ling in hand or
fin gers, the ir li mi ted mo ti lity or de ve lop ment of
ve no us gan gre ne. Ar te ri al isc he mi a was de fi ned
as the pre sen ce of cram ping with exer ci se, po orly
pal pab le ra di al ar tery or pa in re qu i ring sur gi cal
re vi si on.

OPE RA TI VE PRO CE DU RE

In all pa ti ents, na ti ve ar te ri o ve no us fis tu las we re
cre a ted. Whe ne ver pos sib le, the non do mi nant
arm was cho sen for the pro ce du re. If the pa ti ent
had a pre vi o usly pla ced du al lu men cat he ter in
one arm, the con tra la te ral arm was used. Ope ra -
ting lo u pe (mag ni fi ca ti on: 2.5X) was used by the
sur ge ons in all ca ses. The pro ce du res we re per for -
med un der lo cal anest he si a. In all pa ti ents, trans-
ver se in ci si on abo ut 3 cm long 1 cm dis tal to
an te cu bi tal cre a se was ma de to ex po se brac hi al ar-
tery and the conf lu en ce of the ba si lic ve in, cep -
ha lic ve in and per fo ra ting ve in. The per fo ra ting
ve in lo ca ted at the junc ti on of the cep ha lic and
ba si lic ve in was dis con nec ted from the dis tal tip of
the ve in and anas to mo sed to the brac hi al ar tery
(Fi gu re 1-2). Anas to mo ses we re cre a ted by end to
si de tech ni qu e using 6/0 or 7/0 poly propy len su tu -
res de pen ding on the ves sel si ze. The sur gi cal

comp li ca ti ons in the pe ro pe ra ti ve and pos to pe ra -
ti ve pe ri ods we re analy zed. In the pos to pe ra ti ve
pe ri od, he pa rin was gi ven for 24 ho urs in all pa ti -
ents to pre vent for throm bo tic events. Un til ma t-
u ra ti on was ac hi e ved, pa ti ents we re
re com men ded to exer ci se the ir hands. In the me -
an ti me the ne ed for di aly sis was ful fil led by a do -
ub le-lu men cen tral ve no us cat he ter in ser ted in
in ter nal ju gu lar ve in or subc la vi an ve in. Du ring
the fol low-up, the pa tency of the fis tu la was as-
ses sed eit her by pal pa ti on for a thrill, aus cul ta ti on
for a bru it, or when ne ces sary by using a hand-
held Dopp ler de vi ce.

RESULTS
Thirty-two pa ti ents aged 24 to 72 ye ars (me an 58 ±
16) we re eva lu a ted. The epi de mi o lo gic fin dings of

FIGURE 1: The venous anatomy of the elbow before the anastomosis (BA:
brachial artery, PV: perforating vein).

FIGURE 2: Brachial artery to perforating vein anastomosis.
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the pa ti ents are sum ma ri zed in Tab le I. In the
short-term fol low-up, com pa ri son of the pre o pe ra -
ti ve and pos to pe ra ti ve ec ho car di og rap hic fin dings
of the pa ti ents re ve a led that car di ac he mody na mics
we re in cre a sed. This is pro bably du e to the in cre a -
sed ve no us re turn ca u sed by the AVF (Tab le 2). Ne -
vert he less, this pro ce du re did not le ad to high
out put car di ac fa i lu re. 

The me di an fol low-up ti me was 14 (12-22)
months. Twenty se ven (27/32, 84%) pa ti ents 
comp le ted the ir ma tu ra ti on suc cess fully at the end
of the fol low-up pe ri od. The me di an ti me for ma t-
u ra ti on of the AVF was 3, 4 we eks. Pri mary pa-
tency ra te was 68% (22/32). In the re ma i ning 10
pa ti ents the fis tu la fa i lu re was tho ught to be ca u sed
by throm bo em bo lism. The re fo re throm bec tomy
was emp lo yed as a re in ter ven ti on in all 10 pa ti ents.
In 5 of the se throm bec tomy was suc cess ful. Un der
the an ti ag gre gant the rapy, throm bo sis did not re -
cur and the pa ti ents co uld un der go ha e mo di aly sis
thro ugh the ir fis tu las ef fec ti vely. In the re ma i ning
5 pa ti ents re in ter ven ti on was not suc cess ful to ma -
in ta in ha e mo di aly sis.  The un derl ying eti o logy in
two of the se pa ti ents was ve nog rap hi cally shown
to be se con dary to subc la vi an ve in ste no sis and me-
c ha ni cal com pres si on of the axil lary ve in. An gi op -
lasty was con si de red to over co me the ste no sis in
the se pa ti ent and. we ha ve re fer red them to anot -
her cen ters. Ho we ver, in one pa ti ent an gi op lasty
was not succ ess ful, and we co uld not con tact with
anot her one. No ar te ri al isc he mi a or ste al syndro -
me was ob ser ved. The pa ti ents we re al so fol lo wed
up for pa rest he si a, throb bing pa in, cram ping with
exer ci se, swel ling in the hand or fin gers or ve no us
gan gre ne. In two pa ti ents, swel ling in the hand de-
ve lo ped and was tre a ted con ser va ti vely. No ne of
the pa ti ents had ma jor ble e ding or wo und si te in-
fec ti on. In two el derly pa ti ents with di a be tes mel-
li tus hype re mi a aro und the in ci si on was ob ser ved
but it re sol ved spon ta ne o usly. 

DISCUSSION
In this pa per, we ha ve de mons tra ted the use ful ness
and sa fety of the per fo ra ting ve in to brac hi al ar tery
anas to mo sis in pa ti ents di ag no sed with end sta ge
re nal di se a se. 

The li fe ex pec tancy of the pa ti ents un der go -
ing he mo di aly sis con ti nu es to ex tend, as a re sult,
many pa ti ents with end sta ge re nal di se a se un der -
go mul tip le ha e mo di aly sis ac cess pro ce du res. Fur-
t her mo re, pa ti ents with end sta ge re nal di se a se
un der go mul tip le fo re arm ve in punc tu res for the
di ag nos tic blo od analy ses. The se le ad to a dif fi culty
in fin ding a fo re arm ve in ap prop ri a te for an anas-
to mo sis in con se qu ent AVF ope ra ti ons. A ma tu re
and well-func ti o ning AVF is cru ci al in ESRD pa ti -
ents. Ac cor ding to the la test li te ra tu re, a sig ni fi -
cant num ber of AVFs (28% to 53%) ne ver be co me
ma tu re to per form ha e mo di aly sis.13 Es pe ci ally,
wrist fis tu las (Bres ci a-Ci mi no) ha ve be en shown
to ha ve par ti cu larly high fa i lu re ra tes.14,15 In a re-
cent me ta-analy sis the we igh ted me an of 1- ye ar
and 2- ye ars pri mary suc cess ra tes of dis tal ra di al to
cep ha lic ve in fis tu las ha ve be en re por ted as 57%
and 45% for the pa ti ents yo un ger than 65 ye ars of
age.16

In re cent tri als using el bow fis tu las, Wey de et
al,10 re por ted that pri mary pa tency ra te for ra di al
ar tery-per fo ra ting ve in fis tu la was 47% af ter 1 ye -
ar, 43% af ter 2 ye ars and 39% af ter 3 ye ars. Con-
se qu ently, Mo i ni et al12 dec la red that the pri mary
pa tency ra tes we re 89.7% and 83.7% at 1 and 2 ye -
ars res pec ti vely. In our study ove rall pri mary pa-
tency ra te of 68% is ac hi e ved which is a
com pa rab le ra ti o to tho se in ot her stu di es. The re -
fo re this tech ni qu e se ems to be a re li ab le met hod
for cre a ti on of AVF. Chin et al11 ha ve re por ted that
all up per arm fis tu la e inc lu ded brac hi al ar tery to
cep ha lic ve in (n= 27), brac hi al ar tery to ba si lic ve -
in (n= 13), and brac hi al ar tery to me di an an te cu -
bi tal ve in (n= 13) pro vi de suf fi ci ent in ta-ac cess
blo od flow. In that study, they ha ve con si de red
only 9 pa ti ents with a brac hi al ar tery to per fo ra -
ting ve in fis tu la. They ha ve no ti ced that ove rall
blo od flow is eno ugh in this type of fis tu la. Our
study has inc lu ded 32 pa ti ents all with a brac hi al
ar tery to per fo ra ting ve in fis tu la, and pro vi ded a
high pa tency ra te, with early ma tu ra ti on ti me, lo -
wer comp li ca ti on ra te, and fa vo rab le he mody na -
mic ef fects. 

A part of li te ra tu re re gar ding AVFs fo cu ses on
de ve lop ment of ve no us hyper ten si on.17 Bach le da et
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al re por ted that the ve no us hyper ten si on de pends
on ana tomy of the sub cu ta ne o us ve no us system as
well as on the type of the sur gi cal met hod.18 In our
study, we ha ve ob ser ved the fin ding of ve no us hy-
per ten si on in only two pa ti ents. This fa vo rab le re-
sult is pro bably ac hi e ved be ca u se of the
dis con nec ti on of de ep and su per fi ci al ve no us sys-
tems by this tech ni qu e. We ha ve not ob ser ved any
cri ti cal ar te ri al isc he mi a eit her. A pos sib le exp la -
na ti on for this co uld be that, per fo ra ting ve in used
for the anas to mo sis had res tric ted the flow pas sing
thro ugh brac hi al ar tery to cep ha lic and ba si lic ve -
ins, as shown in Bla lock-Ta u sing shunt ope ra ti ons.
Sup por ting this, Gracz et al. pro po sed that when a
pro xi mal fo re arm AVF is cre a ted, it is ne ces sary to
use the per fo ra ting ve in as well.7

It has be en hypot he si zed that, in Gracz type
fis tu las, in ci den ce of ste al phe no me non co uld be
lo wer com pa red to ot her types of up per-arm fis tu -
las sin ce the smal ler ca li ber of the per fo ra ting ve in
may ser ve as a na tu ral “thrott le ” li mi ting the ex cess
blo od flow.12 Our study sup por ted this opi ni on. In
ad di ti on to this, we ha ve de mons tra ted that this
type of fis tu la has supp li ed suf fi ci ent blo od flow to
in cre a se car di ac out put. Du ring the fol low-up, high
out put car di ac fa i lu re has not be en de tec ted. Hen -

ce, we can conc lu de that this tech ni qu e do es not
ha ve un fa vo rab le he mody na mic ef fects. The most
im por tant ad van ta ge of this tech ni qu e is that, this
anas to mo sis pro vi des a fis tu la with a du al ve no us
outf low me a ning that he mo di aly sis is ac comp lis -
hed by both of cep ha lic and ba si lic ve ins; this in
turn, ma kes the du ra bi lity of the AVF lon ger com-
pa red to ot her tech ni qu es.

A li mi ta ti on of our study was that we ha ve
not used a con trol gro up con sis ting of pa ti ents
with “clas si ca l” wrist fis tu las. In the cur rent li te -
ra tu re, ho we ver, the re are al re ady suf fi ci ent da ta
re gar ding con ven ti o nal wrist fis tu la pa tency ra -
tes. In this ob ser va ti o nal study, our pri mary aim
was to eva lu a te the ef fi cacy and sa fety of this type
of fis tu la in pa ti ents with fa i led pre vi o us fis tu las
or inap prop ri a te wrist ves sel ana tomy. Ad di ti o -
nally, a lon ger fol low-up ti me co uld ren der mo -
re im por tant know led ge re gar ding this
tech ni qu e.  

In a conc lu si on, in the pa ti ents with an inap -
prop ri a te wrist vas cu la tu re or fa i led pre vi o us ra di -
o-cep ha lic fis tu la, cre a ti on of an el bow fis tu la
bet we en the brac hi al ar tery and per fo ra ting ve in
se ems to be a sa fe and ef fec ti ve pro ce du re.
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