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Brachial Artery Perfusion for
Redo Ascending and Aortic Arch Cases

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  Ascending and/or aortic arch complications identified during the follow-
up of previous cardiac surgery dictate urgent reoperation. The role of brachial artery cannulation
in such cases was evaluated with regard to its potential benefits. MMaatteerriiaall  aanndd  MMeetthhooddss::  Between
January 2000 and December 2007, 50 patients (34 male/16 female; mean age: 50.1 ± 13.5; range: 22-
70) underwent repeat cardiac surgery for ascending/aortic arch repair using this technique. The
previous surgical procedures were predominantly aortic valve operations. The average interval be-
tween the initial cardiac operation and the reoperation was 101 ± 80 months (1- 324 months). The
complications leading to repeat cardiac surgery were aneurysm formation and/or rupture in as-
cending/aortic arch in 28 patients, Stanford type-A dissection in 20 patients and pseudo aneurysm
development in 2 patients. RReessuullttss::  Hospital mortality was 10% (5 patients), mainly due to uncon-
trollable bleeding and low cardiac output. The average cardiopulmonary bypass and aortic cross-
clamp times were 144 ± 59 (70-335) and 93 ± 25 (53-156) minutes, respectively. The average low
flow antegrade cerebral perfusion (via right brachial artery) period was 29 ± 11.6 minutes (range:
16-78 minutes) under moderate (26-30oC) hypothermia. No neurological complication or organ
dysfunction was observed in the early or late postoperative periods. Comprehensive neurocognitive
function assessments revealed no postoperative deterioration. The average amount of chest tube
drainage was 942 ± 133 (550-1300) mL. All survivors (45 patients, 90%) were discharged within 5-
16 days postoperatively and were in good condition at their last follow-up visits. CCoonncclluussiioonn::  Per-
fusion via brachial artery cannulation is a safe and reliable approach in reoperations for ascending
and aortic arch complications.

KKeeyy  WWoorrddss::  Aorta; brain ischemia; brachial artery; reoperation 

ÖÖZZEETT  AAmmaaçç:: Daha önce yapılan kalp cerrahisinden sonra takip sırasında saptanan asendan ve arkus
aorta  komplikasyonları acil operasyon gerektirir. Böyle olgularda brakiyal arter kanülasyonunun
rolü ve potansiyel faydaları değerlendirilmiştir. GGeerreeçç  vvee  YYöönntteemmlleerr::  Ocak 2000 ile Aralık 2007
tarihleri arasında, daha önce açık kalp cerrahisi geçirmiş 50 hastaya (34 erkek/16 kadın; ortalama
yaş: 50.1 ± 13.5 yıl; 22-70 arası) bu teknik kullanılarak asendan ve/veya arkus aorta tamiri yapıldı.
Hastaların büyük çoğunluğunda daha önceki cerrahi işlem aort kapak operasyonu idi. İlk ve ikinci
kalp cerrahisi girişimleri arasındaki ortalama süre 101 ± 80(1- 324) ay idi. İkinci kalp cerrahisini
gerektiren patolojiler 28 hastada asendan ve/veya arkus aort anevrizması, 20 hastada Stanford tip A
disseksiyon ve 2 hastada psödoanevrizma gelişmesi idi. BBuullgguullaarr::    Hastane mortalitesi %10 oldu (5
hasta). Mortalite nedenleri düşük kalp debisi ve kontrol edilemeyen kanama idi. Ortalama
kardiyopulmoner bypass ve aortik kros-klemp zamanları sırasıyla 144 ± 59 (70-335) ve 93 ± 25 (53-
156) dakika idi. Orta hipotermide (26-30oC) ortalama düşük debili antegrad serebral perfüzyon (sağ
brakiyal arterden) süresi 29 ± 11.6 dakika (aralık: 16-78 dakika) oldu. Erken ve geç postoperatif
dönemde nörolojik komplikasyon ya da organ disfonksiyonu görülmedi. Kapsamlı nörokognitif
fonksiyon değerlendirmelerinde postoperatif kayıp görülmedi. Göğüs tüplerinden ortalama 942 ±
133 (550-1300) mL drenaj oldu. Yaşayan tüm hastalar (45 hasta, %90) postoperatif 5-16 günlerde
taburcu oldular. Son yapılan kontrollere kadar kaybedilen hasta olmadı. Hiçbir hastada yeniden
cerrahi girişim gerekmedi. SSoonnuuçç::  Asendan ve arkus aorta komplikasyonları için yapılan
reoperasyonlarda, brakiyal arter yoluyla perfüzyon emniyetli ve güvenilir bir yöntemdir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Aorta; beyin iskemisi; brakiyal arter; reoperasyon 
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os to pe ra ti ve as cen ding and/or aor tic arch
prob lems such as ane urysm or dis sec ti on de-
ve lop ment are dre ad ful comp li ca ti ons ne ces-

si ta ting a cum ber so me re o pe ra ti on in a pre ca ri o us
lo ca ti on. The se comp li ca ti ons, alt ho ugh can de ve -
lop af ter any type of open he art sur gery, are mo re
fre qu ently ob ser ved af ter pro ce du res in vol ving the
as cen ding aor ta, mostly aor tic val ve ope ra ti ons and
pa ti ents with bi cus pid aor tic val ves are re por ted to
be par ti cu larly pro ne. The se comp li ca ti ons are ra -
rely en co un te red du ring da ily prac ti ce and alt ho -
ugh the ir ac tu al in ci den ce is not known, it is
es ti ma ted to be on in cre a se, pa ral lel to the cu mu -
la ti ve num ber of pa ti ents un der go ing aor tic val ve
rep la ce ment and as cen ding aor ta ope ra ti ons. Sur-
gi cal tre at ment is war ran ted upon di ag no sis; ho w-
e ver, ava i lab le in for ma ti on is li mi ted re gar ding the
un derl ying mec ha nism, op ti mal sur gi cal ap pro ach
and con se qu en ces in the se prob le ma tic re o pe ra ti -
ons. For examp le, ster nal re-entry may be qu i te
dan ge ro us du e to me di as ti nal ad he si ons and clo se
pro xi mity of the di la ted and dis ten ded as cen ding
aor ta to the pos te ri or ster num. Si mi larly, the pre s-
ent dis sec ti on may prec lu de stan dard aor tic can nu -
la ti on. The re fo re, can nu la ti on tech ni qu e for
car di o pul mo nary bypass sho uld vary sig ni fi cantly
from the stan dard pro ce du re. Fe mo ral ves sel can-
nu la ti on is of ten ad vi sed in the clas si cal li te ra tu re
and axil lary ar tery can nu la ti on has ga i ned po pu la -
rity in the re cent ye ars. Ot hers, inc lu ding us, ad-
vo ca te the use of ro u ti ne brac hi al ar tery can nu-
la ti on in such ca ses.

Brac hi al ar tery can nu la ti on has many ad van -
ta ges in terms of easy app li ca ti on, low comp li ca ti -
on ra te and go od per for man ce.1 Ho we ver, its sa fety
and su pe ri o rity sho uld be re a so nably dis cus sed in
the light of sci en ti fic da ta. The fol lo wing is a sum-
mary of our ex pe ri en ce with the use of brac hi al ar-
tery can nu la ti on in the se chal len ging re o pe ra ti ons.

MA TE RI AL AND MET HODS
Bet we en Ja nu ary 2000 and De cem ber 2007, 50 pa-
ti ents (34 ma le/16 fe ma le; me an age: 50.1 ± 13.5,
ran ging bet we en 22 and 70) un der went re o pe ra ti -
on in our ins ti tu ti on for aor tic ane urysm and/or
dis sec ti on using se lec ti ve an teg ra de ce reb ral per fu -

si on vi a pro xi mal right brac hi al ar tery can nu la ti on
for ce reb ral pro tec ti on. The ave ra ge in ter val bet -
we en the ini ti al ope ra ti on le a ding to as cen ding aor -
ta comp li ca ti ons and the re o pe ra ti on for the ir
re pa ir was 101 ± 80 months (ran ge: 1-324 months).
Pa ti ent de mog rap hics we re sum ma ri zed in Tab le 1.
The pre vi o us sur gi cal pro ce du res we re pre do mi -
nantly aor tic val ve pro ce du res as des cri bed in de ta -
il in Tab le 2. The re o pe ra ti ons we re per for med for
the re pa ir of fol lo wing comp li ca ti ons: ane urysm
for ma ti on and/or rup tu re in as cen ding or ar cus aor -
ta in 28 pa ti ents (inc lu ding one with pre vi o us aor-
tic val ve rep la ce ment + as cen ding aor ta wrap ping),
Stan ford type-A aor tic dis sec ti on in 20 pa ti ents,
and pse u do ane urysm de ve lop ment in 2 pa ti ents.
The se we re des cri bed in de ta il with the ot her as so -
ci a ted pat ho logy in Tab le 3. The di ag no sis was ba -
sed on da ta ob ta i ned by com pu ted to mog raphy,
trans-tho ra cic ec ho car di og raphy and an gi og -
raphy.

OPE RA TIVE TECH NI QU E

We ha ve des cri bed our ope ra ti ve tech ni qu e in de-
ta il pre vi o usly.1 Bri efly, all pa ti ents we re ope ra ted
un der anest he si a ma in ta i ned with fen tanyl; rec tal
tem pe ra tu re, elec tro car di og ram and ar te ri al pres-
su re in the left up per ex tre mity we re mo ni to red.
The pa ti ents we re pla ced in the su pi ne po si ti on,
with the right up per ex tre mity in slightly mo re
than 90° ab duc ti on and slight ex ter nal ro ta ti on.

Dis sec ti on and can nu la ti on of the right up per
brac hi al ar tery was do ne pri or to me di an ster no -
tomy. A me di al lon gi tu di nal in ci si on was ma de
along the bi ci pi tal gro o ve in to the axil lary fos sa.

Variable No. of cases

Sex, male/female 34/16

Hypertension 23 (46%)

Hyperlipidemia 7 (14%)

Smoking 9 (18%)

Chronic Obstructive Pulmonary Disease 7 (14%)

Mean age, years (range) 50,1 ± 13 (22-70)

EF (%)  54,1 ± 10,4 (25-67)

TABLE 1: Demographics.

EF: Ejection fraction
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The in ci si on fol lo wed the me di al bor der of the bi-
ceps along its gro o ve, which se pa ra ted the bi ceps
an te ri orly from the tri ceps pos te ri orly. An in ci si -
on 6 to 8 cm long is ade qu a te for ex po su re of ar-
tery. The me di an ner ve was ex po sed and was
mo bi li zed la te rally, thus ex po sing the ar tery af ter
he pa rin ad mi nis tra ti on. Ar te ri al soft clamps we re
pla ced pro xi mal and dis tal to the can nu la ti on si te.
Trans ver se ar te ri o tomy was ma de by scal pel. The
ar tery was can nu la ted with a non wi re-re in for ced
ven ting cat he ter (Ca li for ni a Me di cal La bo ra to ri es,
Ir vi ne, CA), the tip of which was trim med to 16 to
18 F di a me ters ac cor ding to the si ze of the pa ti ent’s
brac hi al ar tery. The cat he ter was gently in ser ted
in to the ar tery, as its tip was po si ti o ned 5 to 7 cm
pro xi mal to the ar te ri o tomy (Figure 1). The can nu -

la was then con nec ted to the car di o pul mo nary by-
pass cir cu it as usu al for any ar te ri al re turn can nu -
la. 

Only af ter the se li nes we re se cu red, the re pe -
at ster no tomy was ca re fully ma de, pre fe rably using
a pne u ma tic os cil la ting bla de saw. Any ble e ding
was qu ickly con trol led and ve no us can nu la ti on was
es tab lis hed vi a a two-sta ge ve no us can nu la in ser -
ted thro ugh the right at ri al ap pen da ge. Fe mo ral ve -
in was used in eight pa ti ents ac cor ding to the
sur ge on’s pre fe ren ce for ve no us can nu la ti on, pre -
pa ring the fi eld be fo re the ster no tomy.

Car di o pul mo nary bypass was es tab lis hed and
the flow was gra du ally in cre a sed to 2.0-2.2 L/min
per m2 body sur fa ce are a. Co re co o ling to 26-28oC
was star ted and car di ac ar rest was in du ced by cold
an teg ra de/ret rog ra de car di op le gi a so lu ti on (Ple gi -
sol, Ab bot) in con junc ti on with to pi cal co o ling
using ice slush or ice-cold sa li ne. Af ter in duc ti on
of car di ac ar rest, the as cen ding aor ta was ope ned
and a Dac ron tu be graft with or wit ho ut a prost he -
tic aor tic val ve was in ser ted. Ope ra ti on co uld be
ter mi na ted he re as an as cen ding aor ta re pa ir with
or wit ho ut the ex ten si on of the pro ce du re as a “he -
mi-arc re pa i r”. If ad di ti o nal aor tic arch pat ho logy
was to be ad dres sed, the pro ce du re prog res sed as
fol lows: The flow was dec re a sed to 500–600
mL/min (8–10 mL/kg per min) at 26°C rec tal tem-
pe ra tu re. Then, the thre e brac hi o cep ha lic ar te ri es
we re clam ped. The cross-clamp on the as cen ding
aor ta was then re le a sed. Early in our ex pe ri en ce,

Previous Operations No. of patients

Aortic valve replacement 22

AVR + Ascending Aorta Wrapping 1

Open aortic valvotomy + subaortic myectomy 1

Supra-coronary ascending aortic graft 7

Coronary artery bypass grafting 14

Aortic valve replacement + coronary artery bypass grafting 1

Modified Bentall procedure 3

Ascending aortic plicate 1

TABLE 2: Operative history.

AVR: Aortic valve replacement.

Aortic Aneurysm 28

Rupture (+) 5

Paravalvular leak 3

Mechanic valve of thrombus 1

Failed biologic valve 2

Coronary  artery disease 6

Aortic dissection 20

Without rupture 13

With rupture 7

Coronary artery disease 3

Aortic pseudo-aneurysm development 2

With rupture  1

With coronary artery disease development 1

TABLO 3: Reoperation indications.

FIGURE 1: Patient is placed in the supine position, with the right upper ex-
tremity abducted slightly more than 90° and slightly externally rotated. Follow-
ing exposure and control of the proximal right brachial artery, the vessel cannula
is inserted and is connected to the CPB circuit as the sole arterial return.
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we used to mo ni tor the per fu si on pres su re vi a an
18-ga u ge ves sel can nu la in tro du ced in to the brac -
hi o cep ha lic ar tery just dis tal to the clam ping si te,
trying to ke ep this pres su re bet we en 40 and 50
mmHg. Ho we ver, our ex pe ri en ce imp li ed that a
flow ra te of 8-10 mL/kg per min was ge ne rally sa t-
is fac tory to ke ep the per fu si on in sa fe li mits in
terms of flow and pres su re. The re fo re, we left using
ro u ti ne pres su re mo ni to ring du ring an teg ra de ce -
reb ral per fu si on. The brac hi o cep ha lic ves sels we re
anas to mo sed on to the ro of of the ar cus graft as a
sing le aor tic patch. Af ter comp le ting dis tal anas to -
mo sis of the ar cus graft to the des cen ding aor ta (al-
ways using “open anas to mo sis tech ni qu e ”), the
clamps on the brac hi o cep ha lic ves sels we re re le a -
sed (first the one on the left subc la vi an ar tery and
ca ro tid ar tery, then that on the brac hi o cep ha lic
trunk) and the flow ra te was gra du ally in cre a sed
al lo wing any en trap ped air to es ca pe from the pro -
xi mal end of the graft as its lu men was fil led with
blo od. Then the pro xi mal end of the ar cus graft was
clam ped. Re war ming star ted at full flow. Du ring
re war ming, the anas to mo sis bet we en the as cen ding
and ar cus grafts was comp le ted.

The pos sib le ad van ta ges of this ap pro ach over
fe mo ral can nu la ti on are: 1) The qu ick res to ra ti on
of ce reb ral blo od flow in ca se of an aor tic or car di -
ac in jury du ring ster nal re-entry; 2) A less stress ful
split of ad he si ons in or der to ac hi e ve sur gi cal ex-
po su re du ring such an in jury, by pro vi ding a de-
com pres sed he art to work on, and lon ger sa fe ti me
pe ri ods; 3) Pro tec ti ve ef fects aga inst ble e ding ten-
dency and pul mo nary dysfunc ti on by ren de ring to -
tal cir cu la tory ar rest un ne ces sary, the re fo re avo i -
ding lon ger per fu si on ti mes and de e per le vels of
hypot her mi a; 4) Avo i dan ce of a gro in in ci si on and
its po ten ti al mor bi dity. 5) Using a sa fer pla ce for
can nu la ti on and avo i dan ce of ret rog ra de per fu si on
of fal se lu men in the pre sen ce of an aor tic dis sec ti -
on when com pa red to fe mo ral ar tery can nu la ti -
on.

The pa ti ents we re clo sely mo ni to red du ring
the ir early pos to pe ra ti ve re co very for any signs of
ne u ro lo gi cal or dis tal or gan dysfunc ti on. A com pa -
ri son bet we en the pre o pe ra ti ve (a day be fo re the
sur gery) and pos to pe ra ti ve (on pos to pe ra ti ve day

se ven and pos to pe ra ti ve month two) ne u ro cog ni -
ti ve func ti ons for each he misp he re was al so per for -
med in pa ti ents un der go ing aor tic arch re pa ir by
brac hi al ar tery per fu si on tech ni qu e. This exa mi na -
ti on con sis ted of fi ve tests; na mely, the Hos pi tal
An xi ety and Dep res si on Sca le, Ra ven’s Stan dard
Prog res si ve Mat ri ces Test, Li ne Ori en ta ti on Test,
Stro op Task, and Rey Au di tory Ver bal Le ar ning
Test. The de ta ils of this exa mi na ti on can be fo und
in our ins ti tu ti on’s pre vi o us pub li ca ti ons.2

STA TIS TICAL ANALY SIS

Da ta we re analy sed using SPSS ver si on 11.5. Com-
pa ri sons bet we en gro ups we re ma de by Stu dent’s t
or Mann-Whit ney U tests for con ti nu o us va ri ab les
and Chi-squ a re or Fis her’s Exact tests for ca te go ri -
cal va ri ab les, whe re app li cab le. Odds ra ti o and 95%
con fi den ce in ter vals (CIs) for each risk fac tor we re
cal cu la ted by uni va ri a te analy sis. Mul tip le Lo gis tic
Reg res si on analy si s– Back ward LR pro ce du re-was
app li ed to de ter mi ne the best in di ca tor on exis ten -
ce of comp li ca ti on and mor ta lity. A p va lu e less
than 0.05 was con si de red sta tis ti cally sig ni fi cant.
All tests of sig ni fi can ce we re two ta i led.

RE SULTS
The ave ra ge car di o pul mo nary bypass and aor tic
cross-clamp ti mes we re 144 ± 59 mi nu tes (ran ge:
70-335 mi nu tes) and 93 ± 25 (ran ge 53-156 mi nu -
tes) mi nu tes, res pec ti vely.  The ave ra ge low flow
an teg ra de ce reb ral per fu si on (vi a right brac hi al ar-
tery) pe ri od was 29 ± 11.6 mi nu tes (ran ge: 16-78
mi nu tes). Ope ra ti ve da ta (prin ci pal and as so ci a ted
pro ce du res at re o pe ra ti on) we re sum ma ri zed in
Tab le 4.

The hos pi tal mor ta lity was 10% (5 pa ti ents).
Two pa ti ents di ed in tra-ope ra ti vely du e to un con -
trol lab le ble e ding from anas to mo tic si tes. Thre e pa-
ti ents di ed in the early pos to pe ra ti ve pe ri od du e to
low car di ac out put de ve lop ment. Two pa ti ents we -
re re-exp lo red for ble e ding. No ne u ro lo gi cal com-
p li ca ti on was en co un te red du ring the early or la te
pos to pe ra ti ve pe ri ods. Thre e pa ti ents had tran si ent
right hand pa re sis, which re sol ved be fo re disc har -
ge. Re nal in suf fi ci ency was ob ser ved in one pa ti -
ent. This pa ti ent was ope ra ted ur gently with the
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CPB Time (min) 144 ± 59 ( 70-335 )

Xclamp Time (min) 93 ± 25 (53-156 )

Low flow antegrade cerebral perfusion time (min) 29 ± 11,6 (16-78)

Hypothermia (ºC) 27.32 ± 1.3 (26-30)

Principal Procedure

Modified Bentall Procedure 23

Ascending aorta supracoronary graft replacement 12

Ascending aorta supracoronary graft replacement + aortic hemiarch replacement 3

Modified Cabrol 1

Total aortic arch replacement 5

Modified Bentall Procedure + hemiarch replacement 6

Concomitant Procedure

Aortic hemiarch replacement 3

Coronary artery bypass grafting 6

Aortic valve replacement 5

TABLE 4: Operative data (Principal and Associated Procedures at Reoperation).

CPB: Cardiopulmonary bypass,  X clamp: Aortic cross-clamp times, min: Minutes

di ag no sis of rup tu red aor tic ane ursym and dis sec ti -
on. Du ring the pors to pe ra ti ve pe ri od, the pa ti ent
had low uri ne out put and high blo od ure a nit ro gen
and cre a ti nin va lu es as well as high li ver enz ymes
with a di ag no sis of he pa to-re nal in suf fi ci ency. Pa-
ti ent un der went he mo di aly sis and was disc har ged
on pos to pe ra ti ve day 16 on ro u ti ne he mo di aly sis
prog ram. Ni ne te en pa ti ents re qu i red po si ti ve inot -
ro pic agent sup port. The ave ra ge amo unt of pos to -
pe ra ti ve chest tu be dra i na ge was 942 ± 133 mL
(550-1300), and an ave ra ge of 4.1 ± 0.4 units of pac -
ked red cells we re trans fu sed.

A com pa ri son bet we en pre o pe ra ti ve (a day be-
fo re the sur gery for all elec ti ve pa ti ents) and pos to -

pe ra ti ve (on pos to pe ra ti ve day se ven and pos to pe -
ra ti ve month two) ne u ro cog ni ti ve func ti ons in pa-
ti ents un der go ing aor tic arch re pa ir by brac hi al
ar tery per fu si on tech ni qu e re gar ding both right
and left he misp he ric func ti ons re ve a led no pos to -
pe ra ti ve reg res si on in any per for med test. We me -
a su red as par tam ami no trans fe ra se (AST) and
ala ni ne ami not rans fe ra se (ALT), blo od ure a nit ro -
gen (BUN), se rum cre a ti ni ne, amy la se, li pa se and
bi li ru bi ne le vels pre o pe ra ti vely and on pos to pe ra -
ti ve days one and fi ve (Tab le 5). The se va lu es we -
re high for tho se pa ti ents with high pre o pe ra ti ve
va lu es. For the rest of the pa ti ents, the re sults we -
re wit hin nor mal li mits and any subt le chan ges we -

Preoperative PO Day 1 PO Day 5 Normal Range 

Bun (mg/dL) 35.02±12.48 (23-121) 57.26 ±27.09 (30-162) 51.78 ± 25.1 (26-159) 10-50

Creatinine (mg/dL) 0.9 ± 1.19 (0.4-9.1) 1.3 ± 1.51 (0.6-10.5) 1.24 ± 1.16 (0.6-8.4) 0.5-1.2

AST (U/L) 30 ± 11.75 (11-70) 50.9 ± 58.32 (21-409) 47.16 ± 57.32 (17-381) 0-38

ALT (U/L) 26.5 ± 8.4 (10-47) 35.27 ± 19.4 (7-129) 29.5 ± 12.4 (11-67) 0-41

Amylase (U/L) 66.4 ± 26.3 (12-152) 106 ± 106.1 (32-559) 92.57 ± 37-239) 28-100

Lipase (U/L) 36.2 ± 15.3 (13-65) 40.4 ± 26.9 (6-126) 48.4 ± 27.1 (11-101) 13-60

Direct Bilirubine (mg/dL) 0.2 ± 0.1 (0.02-0.9) 0.5 ± 0.54 (0.08-2.2) 0.4 ± 0.5 (0.09-3.3) 0.00-0.30

Total  Bilirubine (mg/dL) 0.9 ±0.29 (0.3-1.8) 1.3 ± 1.02 (0.3-4.4) 1.13 ± 0.7 (0.19-4.7) 0.00-1.10

TABLE 5: Renal, hepatic and visseral function tests.

PO: Postoperative, AST: Aspartic amino transferase, ALT: Alanine aminotransferase, BUN: Blood urea nitrogen.
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re si mi lar to tho se of pa ti ents un der go ing ro u ti ne
open car di ac ope ra ti ons.  All sur vi vors (45 pa ti ents,
90%) we re disc har ged on pos to pe ra ti ve days 5-16
(ave ra ge disc har ge ti me: 7.2 ± 3.9 days) we re in go -
od con di ti on on the ir last fol low-up vi sits. The me -
an fol low-up ti me was 47.6 ± 20.5 months (ran ge:
3-76 months). Pos to pe ra ti ve da ta we re sum ma ri -
zed in Tab le 6. 

DIS CUS SI ON
Re cur rent aor tic ane urysms, per sis tent or newly
de ve lo ped dis sec ti on, new on set ofval vu lar and co -
ro nary ar tery di se a se, graft in fec ti on, and prost he -
tic en do car di tis are not ra re af ter aor tic
ope ra ti ons.3-7 As the num ber of aging po pu la ti on
un der go ing car di ac sur gery in cre a ses, tho se un der
risk for aor tic comp li ca ti ons ne ces si ta ting fu tu re
re o pe ra ti ons ex hi bit a pa ral lel in cre a se.8 Craw ford
et al. ack now led ged tech ni cal prob lems and ot her
con di ti ons le a ding to re o pe ra ti on in such a po pu la -
ti on.9 The se of ten inc lu de in suf fi ci ent or in comp -
le te tre at ment at tempts such as the lo ca li zed
aor top lasty tech ni qu e, rep la ce ment of only a small
seg ment of the di se a sed as cen ding aor ta, graft
wrap ping to di la te as cen ding aor ta, sup ra val var
graft in ser ti on wit ho ut ad dres sing to Val sal va si nus
di la ti on, de ve lop ment of fal se ane urysms at anas-
to mo tic si tes and in ti mal dis sec ti ons at the can nu -

la ti on si te. Do u ge nis et al de mons tra ted that many
such pa ti ents had so me di la ti on of the aor ta pre sent
at the ini ti al ope ra ti on that was not ad dres sed ap-
prop ri a tely.4 So me ot hers de ve lo ped dis sec ti ons or
fal se ane urysms for med du ring or early af ter the
pre vi o us ope ra ti on. Ac cor ding to von Ko do litsch et
al an aor tic dis sec ti on oc cur red in 0.6% of ca ses af -
ter aor tic val ve ope ra ti ons.10 They fo und that aor-
tic wall fra gi lity and thin ning we re risk fac tors for
aor tic dis sec ti on. Mor ta lity ra tes ran ging from 6%
to 19% af ter re o pe ra ti ons on the as cen ding aor ta
and the aor tic ro ot ha ve be en re por ted.9,11,12 Our re-
sults are in ac cor dan ce with the se pre vi o us re ports.

We mostly per for med mo di fi ed Ben tall tech-
ni qu e for re do ro ot rep la ce ments, if co ro nary os ti -
a co uld be bro ught ea sily to the graft for end to si de
anas to mo sis. This was not pos sib le in one ca se and
Cab rol tech ni qu e was used for ten si on fre e but ton
anast ho mo sis.

The ha zards of ster nal re-entry are well
known. When do ne on emer gency ca ses, the mor-
ta lity so me how re la ted to ac ci den tal in jury du ring
res ter no tomy dra ma ti cally in cre a sed as Go od win
et al. in di ca ted. In the ir se ri es of emer gency re o pe -
ra ti ons, the mor ta lity was 43%, with half of the se
oc cur ring in tra o pe ra ti vely.13 Pre o pe ra ti ve la te ral
chest X-rays may help de li ne a te the clo se ana to mi -
cal re la tons hipof the gre at ves sels or he art with the
pos te ri or ster num.

The cho i ce of the ar te ri al can nu la ti on si te is
equ ally im por tant. The fe mo ral ar tery is not a pre-
fer red si de for ar te ri al can nu la ti on in the pre sen ce
of a tho ra co ab do mi nal aor tic or ili o fe mo ral vas cu -
lar di se a se, aor tic dis sec ti on or in vas cu lar con di ti -
ons as so ci a ted with a risk of ret rog ra de throm bi or
at he rosc le ro tic deb ris em bo li za ti on.14 At he ro em -
bo lism is a ma jor so ur ce of mor bi dity and mor ta -
lity du ring aor tic ope ra ti ons and ret rog ra de ar te ri al
per fu si on thro ugh an at he rosc le ro tic aor ta has be -
en shown to be as so ci a ted with stro ke and vis ce ral
or gan in jury. He avy as cen ding aor tic at he rosc le ro -
sis was shown to be fre qu ently as so ci a ted with se-
ve re ab do mi nal at he rosc le ro sis.15 On the ot her
hand, du ring sur gi cal tre at ment of acu te type-A
dis sec ti on, can nu la ti on of the fe mo ral ar tery and
ret rog ra de aor tic per fu si on may re sult in pres su ri -

Extubation (hour) 11.7 ± 3.9 (8-31)

Discharge from hospital (day) 7.2 ± 1.9 (5-16)

Drainage (ml) 942 ± 133 (550-1300)

Positive inotrope (dopamine and/or dobutamine) 19 (38%)

Discharge from ICU (day) 2.34 ± 1.02 (1-5)

Neurological dysfunction

Local 1 (2%)

Transient 3 (6%)

Hepatorenal failure 1 (2%)

Transfusion 5.3 ± 0.9 (3-8)

Revision 3 (6%)

Bleeding 2 (4%)

Brachial artery repair 1 (2%)

Follow up (months) 47.6 ± 20.15 (3-76)

Excitus 5 (10%)

TABLE 6: Postoperative data.

ICU: Intensive care unit.
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za ti on of the fal se lu men and sub se qu ent bra in and
vis ce ral mal per fu si on, with de vas ta ting con se qu -
en ces.7 Re cently, the axil lary ar tery has ga i ned 
po pu la rity as a po ten ti al can nu la ti on si te, es pe ci -
ally for comp lex aor tic pro ce du res.7,16 Ho we ver, ax-
il lary ar tery can nu la ti on re qu i res an ex ten si ve,
mo re comp li ca ted dis sec ti on and a si de-graft anas-
to mo sis. Axil lary ar tery is in clo se pro xi mity to the
aor tic arch, ca ro tid ar te ri es and ma jor ner ves. Iat -
ro ge nic in ju ri es to the se stu ruc tu res are pos sib le
du ring axil lary ar tery  can nu la ti on.17 To avo id such
comp li ca ti ons, re cently spe ci al can nu las ha ve be-
co me com mer ci ally ava i lab le; ho we ver, we use
right brac hi al ar tery for can nu la ti on be fo re ster nal
re entry in re o pe ra ti ons for aor tic re pa irs be ca u se
this ap pro ach of fers a less ex ten si ve dis sec ti on, less
po ten ti al for col la te ral da ma ge and he ma to ma, easy
set up and ta ke-down, sur pri singly go od he mody -
na mic per for man ce, easy he a ling and low comp li -
ca ti on ra te. In ad di ti on, it dec re a ses the risk of
em bo li za ti on and pro vi des bet ter sur gi cal ex po su re
by not clut te ring the fi eld with can nu las and li nes.
An teg ra de bra in per fu si on is ne ver in ter rup ted,
pro vi ding wha te ver ne ces sary ti me to the sur ge on
for arch re pa ir or re pa ir of any po ten ti al in jury in-
ad ver tently do ne du ring ster nal re-entry. This
tech ni qu e ren ders de ep le vels of hypot her mi a un-
ne ces sary and mo de ra te hypot her mi a aro und 26-
28oC is of ten ade qu a te. A pre vi o us study of ours
re ve a led ex cel lent ne u ro lo gic out co me in pa ti ents
ope ra ted using this ap pro ach.2,18 Use of this uni la -

te ral ce reb ral per fu si on tech ni qu e ra i ses con cerns
abo ut the ade qu acy of per fu si on to the con tra la te -
ral he misp he re. This is su e was dis cus sed in de ta il
in our pre vi o us pub li ca ti on.19 We do per form bi la -
te ral ca ro tid ar tery dup lex scan for elec ti ve pa ti ents
but not trans cra ni al Dopp ler pre o pe ra ti vely. In our
ex pe ri en ce, at the ini ti a ti on of an teg ra deper fu si on,
vi su al as sess ment of the re tur ning blo od thro ugh
left com mon ca ro tid and subc la vi an ar te ri es has be -
en the most va lu ab le pro of of con tra la te ral he mi-
sp he ric per fu si on, and its amo unt was al ways
sa tis fac tory. 

Clamp du ra ti on for right arm was abo ut 6 to 8
ho urs in our ca ses and we did not ob ser ve right up -
per limb isc he mi a in any pa ti ent, pro bably du e to
rich ana to mic col la te ral flow of the up per arm re-
gi on. Ar te ri al can nu la may be switc hed to the aor-
tic graft fol lo wing the ter mi na ti on of the dis tal
anas to mo sis, if re war ming is to o slow, but this was
not ne ces sary for this co hort.

We conc lu de that, right brac hi al ar tery can-
nu la ti on for the re pa ir of pos to pe ra ti ve aor tic com-
p li ca ti ons pro vi des ex cel lent re sults, tech ni cal
simp li city, go od ne u ro lo gic out co me and al lows for
op ti mal re pa ir wit ho ut ti me res tra ints and dec re a -
ses the risk of ce reb ral em bo li za ti on, ca u ses less
ble e ding and pul mo nary comp li ca ti ons by avo i ding
the ne ces sity for de ep hypot her mi a and dec re a ses
car di o pul mo nary bypass and ope ra ti ve ti me pe ri -
ods.
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