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INFORMAL WEEKEND 

Clube de Internos de Cirurgia Cardíaca 
 
 

DATA 
17, 18 e 19 de Fevereiro de 2017 

 
LOCAL 

Palace Hotel Monte Real 
 

PROGRAMA 
 

17 de Fevereiro 

18h00  Recepção dos internos, prelectores e convidados 
20h00  Jantar de convívio 
 

18 de Fevereiro 

08h15  Sessão de abertura 
  Presidente Honorário: Prof Dr Ângelo Lucas Nobre 

Presidentes: Dra Catarina Carvalheiro e Dr Diogo Rijo 
08h45  História da Cirurgia Cardíaca 
  Prof Dr Ângelo Nobre 
09H00  Circulação extra-corporal 
  Téc Jorge Machado 
 
 
Sessão Teórica “Cirurgia	  Coronária” 
Moderador mesa: Prof Dr Miguel Sousa Uva
09h30   Cirurgia coronária com CEC ou sem CEC: haverá a técnica perfeita? 
  Prof Dr Miguel Sousa Uva 
10h00  Revascularização coronária completa vs incompleta 
  Dr Rodolfo Pereira  

10h30 Coffee Break 

11h00    Condutos arteriais e venosos: quais e quando utilizar? 
  Dr Benjamin Marinho 
11h30   Cirurgia de revascularização coronária híbrida 
  Dr João Roque 
12h00   Cirurgia coronária minimamente invasiva 
  Dr Nuno Guerra 



n Menor quantidade de fibras musculares significa uma menor resposta proliferativa a mitógenos 
conhecidos, tal como o fator de crescimento derivado de plaquetas.

Artéria Torácica Interna 
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n Constituída por 3 camadas: túnica íntima, túnica média e adventícia.

n Túnica íntima: endotélio, lâmina basal e camada subendoteliar 
( tecido conjuntivo e lâmina elástica interna).

n A camada predominante é a túnica média, que consiste essencialmente em fibras de colágenio e fibras 
elásticas.

n  As poucas células de músculo liso estão alinhadas circunferencialmente entre as restantes fibras.

n A lâmina elástica interna não é fenestrada, o que inibe a migração celular, prevenindo assim a 
hiperplasia da íntima.

n As células endoteliais são ricas em sulfato de heparina, óxido nítrico 
sintase endotelial (eNOS) e prostaciclina.

n Propriedades antitrombóticas, inibindo assim a arterosclerose.
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(0.39±0.17 mm) and on the hood (0.29±0.25 mm), while 
JOUJNBM�UIJDLFOJOH�PO�UIF�óPPS�	OBUJWF�-"%
�XBT�PCTFSWFE�
in 10 of 18 IMA grafts (0.11±0.12 mm) (Figure 2). Intimal 
thickening is similar in those grafts less than 1 year versus 
grafts greater than 1 year, suggesting that intimal thickness 
does not increase with time. The body of the IMA graft 
also showed the least intimal thickening as compared to 
the anastomotic site (10 of 18, 0.03±0.04 mm). Only rarely 
was an atherosclerotic change observed in the IMA. In our 
study, 2 of the 18 grafts examined 5.22±4.76 years following 
HSBGUJOH�JU�XBT�EFTDSJCFE�BT�oTNBMM�GPDBM�JOòMUSBUFT�PG�MJQJE�
in the intima”.

Our published long-term morphologic data in IMA 
grafts versus SVGs was reported in 1988 (5), where 18 
IMAs were compared to 15 SVGs from 18 patients with 

duration of grafts between 12 to 118 months (mean, 56 months) 
that had been removed either surgically or at necropsy. 
8F�GPVOE�UIBU�òCSPJOUJNBM�QSPMJGFSBUJPO�BMPOF�XBT�NPSF�
frequent in IMAs as compared to SVGs [IMA; 8 of 18 
(44%) versus SVG; 4 or 15 (27%)]. However, since vein 
grafts beyond one year are often accompanied by foam cell 
JOòMUSBUJPO�XJUI�PS�XJUIPVU�B�OFDSPUJD�DPSF�TVDI�DIBOHFT�
were observed in 9 of 15 SVGs (60%). In contrast, 
atherosclerosis was extremely rare in IMA grafts and was 
only observed in 1 of 18 IMA (6%) (vs. SVG, P=0.01) 
and that too consisted of only a few foam cells within the 
neointimal tissue in a graft which showed severe stenosis 
at the anastomotic site at 3 years.

Not only has the left IMA graft to the LAD been 
demonstrated to remain patent and improve longevity 

Figure 1�&BSMZ�IJTUPMPHJD�DIBOHFT�JO�UIF�JOUFSOBM�NBNNBSZ�BSUFSZ�	*."
�HSBGU�PCUBJOFE�GSPN�B����ZFBS�PME�NBO�XIP�VOEFSXFOU�DPSPOBSZ�
artery bypass graft (CABG) surgery 1 week antemortem. A and B. A low (A) and a high (B) power images (Movat pentachrome) showing the 
site of IMA anastomosis (arrow heads in A and * in B indicate suture sites) with the left anterior descending artery (LAD). Note the presence 
of intimal thickening in the cleft between the native artery and the IMA graft at the anastomotic suture site, which consists of smooth muscle 
DFMMT�	4.$T
�JO�B�QSPUFPHMZDBO�	CMVF�HSFFO
�NBUSJY�XJUI�BOHJPHFOFTJT�GFX�SFE�CMPPE�DFMMT�BOE�MVNJOBM�FOEPUIFMJBM�DFMMT��$��5IF�QSFTFODF�PG�
luminal endothelial cells and areas of angiogenesis (arrows) within the neointima are highlighted by immunostaining by anti-CD31; D. Shows 
that the majority of the neointimal cells consists of Į-smooth muscle actin (Į�4."
�QPTJUJWF�DFMMT��&��*NNVOPTUBJOJOH�GPS�B�OVDMFBS�QSPUFJO�
,J����DPOòSNT�UIF�QSFTFODF�PG�SBSF�QSPMJGFSBUJWF�DFMMT�	BSSPXT
�XJUIJO�UIF�OFPJOUJNB�DMPTF�UP�UIF�MVNJOBM�TVSGBDF�	UIF�BSFB�DPSSFTQPOET�XJUI�
the black box in B)
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n A alta pressão arterial em conjunto com o pequeno tamanho do vaso, ajudam a manter um fluxo sanguíneo 
laminar, reduzindo a turbulência. Este é um factor desencadeante dos processos trombóticos.

n Notável remodelação ao longo do tempo, adaptando-se à necessidade de aumento do fluxo, muitas vezes 
aumentando de diâmetro, fenómeno este mediado pelo endotélio.

n Tem a particularidade de influenciar a fisiopatologia da placa arterosclerótica.

n Menor progressão (ou mesmo regressão) da arterosclerose no vaso nativo.

n Uma semana a dois meses a anastomose revela espessamento da íntima (0.08±0.07 mm).

n A esqueletonização da ATI  não diminui a patência do vaso e aumenta o seu comprimento em 2-4cm.

Skeletonization of internal thoracic arteries

The RITA is easier and quicker to harvest using this technique. It is 
usually larger than the LITA, and it is very unusual to  damage it 
(Figures 3 and 4). There are no vaso vasorum in the ITA wall, and 
hence, nutritional requirements for wall integrity are entirely from 
the lumen. Skeletonization also results in 2- to 4-cm of extra length. 
Minimal chest wall trauma, leaving the endothoracic fascia, and 
parietal pleura mainly intact, and not disrupting the intercostal 
arteries as they approach the sternal edges, results in superior resid-
ual vascularity to the sternal edges, and sternal infection/dehis-
cence rates achieved are similar to when only one ITA is used, even 
in diabetic patients [11].

Grafting with the radial artery

This is performed exactly as one would with an SVG. For all anas-
tomoses (both proximal and distal), we prefer a simple forehand 
technique; commencing at the furthermost point from the sur-
geon—usually at the ‘heel’ of the graft. Side-to-side (sequential) 
anastomoses are created in a fashion that ensures a perfect lie, 
diamond, angled or parallel.

The RA is robust, 2 mm distally, 3–3.5 mm proximally, has a nice 
wall, is easy to handle and is of su!cient length to reach comfort-
ably to the most distal coronary targets (Figures 5 and 6). If the 
heart is exceptionally dilated, and an RA is used and turns out to be 
of insu!cient length, it can be readily extended proximally using a 
short segment (2–4 cm) of SVG anastomosed obliquely together 
end-to-end. We secure the RA pedicle loosely to the epicardium 
with a number of interrupted 6/0 polypropylene sutures to ensure 
that the lie is maintained and to guard against rotation along the 
longitudinal axis (Video 2).

The proximal radial artery anastomosis to the aorta

An opening in the appropriate part of the ascending thoracic 
aorta is made in the usual fashion (we use an 11-blade and then a 
3.5-mm punch)—in the same manner as one would for a proximal 
SVG anastomosis. The proximal anastomosis is constructed in a 
fashion identical to the case of an SVG. In general, the proximal 
RA  and the proximal SVG are the same size (internal diameter 

Video 2:  Sequential distal right coronary territory grafting with the radial 
artery. End-to-side to the left ventricular branch of the right coronary artery 
and then side-to-side (diamond) anastomosis to the posterior descending. 
Note the excellent handling characteristics of the radial artery and comparable 
size to (slightly larger than) the coronary artery. The proximal end of the radial 
artery is large, comparable with a saphenous vein graft and can always be anas-
tomosed to a normal ascending thoracic aorta.

J. Tatoulis / Multimedia Manual of Cardio-Thoracic Surgery3

Figure 4:  The skeletonized right internal thoracic artery, 15 cm in length, 
3–4 mm (internal/external) diameter superiorly. Pleura intact.

Figure 3:  The right internal thoracic artery being exposed. Note also the inter-
nal thoracic vein pushed superiorly. Figure 5:  Discarded segments of the right internal thoracic artery and radial 

artery. Note good and comparable size.

Figure 6:  Transverse sections of internal thoracic and radial arteries. Note simi-
lar size. The internal thoracic artery has a thinner wall with elastic laminae. The 
radial artery has a thicker wall predominantly due to a muscular media.
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Grande veia safena
n Facilidade de colheita, pronta disponibilidade, versatilidade e resistência ao espasmo.

Cohn, Lawrence H. Cardiac Surgery in the Adult. Fourth Edition, McGraw-Hill, 2012
Cuminetti G. et al. Neth Heart J 2017 Jan;25(1):4-13

Otsuka et al. Ann Cardiothorac Surg 2013;2(4):519-526

n A veia safena tem maior diâmetro que a ATI, 3.1 a 8.5 mm vs  1.9 a 26 mm respectivamente.

n Possui uma íntima fina, separada da túnica média por uma rudimentar lâmina elástica interna.

n A média consiste em duas camadas distintas de células musculares: uma longitudinal interna - onde 
também se encontram fibras de colagénio  - e uma camada circular externa. 

n A adventícia é composta principalmente por fibras de colagénio e fibras musculares lisas dispersas.

n Na altura da implantação a VS já apresenta ausências focais de endotélio, o que estimula a adesão 
plaquetária e depósito de fibrina.

n A lesão endotelial é perpetuada pelo stress hemodinâmico a que é subitamente sujeita.

n No primeiro mês o principal mecanismo da oclusão parece ser trombose do enxerto.
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n A pressão arterial e fluxo pulsátil estende VS para diâmetros maiores.

n A hiperplasia da íntima define-se como depósito de células de músculo liso e matriz extracelular 
(proteoglicanos e colagenio de tipo I e III). Representa a principal causa de doença de enxerto entre  o 1º 
mês e o ano.

n As válvulas venosas intactas também podem ser um fator predisponente para a falência do vaso.

n As alterações arteroscleróticas são observadas a partir do 1º ano.

n As válvulas venosas intactas também podem ser um fator predisponente para a falência do vaso.

n Atherosclerotic change in vein grafts has been observed as early as 13 months.

n As placas ateroscleróticas em SVGs tendem a ser difusas, friáveis, mal calcificadas e caracterizadas por 
fibroateroma que geralmente apresenta grandes núcleos necróticos.

n As SVGs são muitas vezes gravemente doentes antes de serem colhidas e os operadores frequentemente 
negligenciam isso. A hiperplasia intimal pré-existente devido à flebodernose afeta até 95% das veias 
safenas após a sexta década de vida

n Estes foram confirmados pela demonstração de 15-20% de probabilidade de oclusão em um ano de 
acompanhamento, e até 40-50% em 10 anos.

n As válvulas venosas intactas também podem ser um fator predisponente para a falência do vaso.

n Atherosclerotic change in vein grafts has been observed as early as 13 months.

n As placas ateroscleróticas em SVGs tendem a ser difusas, friáveis, mal calcificadas e caracterizadas por 
fibroateroma que geralmente apresenta grandes núcleos necróticos.

n As SVGs são muitas vezes gravemente doentes antes de serem colhidas e os operadores frequentemente 
negligenciam isso. A hiperplasia intimal pré-existente devido à flebodernose afeta até 95% das veias 
safenas após a sexta década de vida

n Estes foram confirmados pela demonstração de 15-20% de probabilidade de oclusão em um ano de 
acompanhamento, e até 40-50% em 10 anos.

n As placas arteroscleróticas tendem a ser difusas, friáveis, mal calcificadas e caracterizadas por fibroateroma 
com grandes núcleos necróticos.

n A hiperplasia intimal na colheita pode afetar até 95% das veias safenas após a sexta década de vida.

n 15-20% de probabilidade de oclusão em um ano e até 40-50% em 10 anos.522 Otsuka et al. What protects IMA from atherosclerosis?
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at 10- and 15-years, bilateral IMA has an additional 
effect of reducing myocardial infarction, reoperation and 
percutaneous coronary interventions (PCI) (16). Similarly, 
skeletonization of the IMA had no effect on long-term 
patency, but added extra length. However, this also carries 
the possibility of decreased risk of deep sternal infection, 
XIJDI�JT�MJLFMZ�SFMBUFE�UP�TJHOJòDBOU�QPTUPQFSBUJWF�SFEVDUJPO�
in sternal perfusion (17). Bilateral IMA are also increasingly 
being used as Y- or T-composite arterial grafts for treating 
��WFTTFM�DPSPOBSZ�BSUFSZ�EJTFBTF��5IF�TIPSU�UFSN�CMPPE�óPX�
reserve results have been good (18), with long-term data 
SFRVJSFE�UP�DPOòSN�QBUFODZ�

What protects IMA from atherosclerosis?

The superiority of IMAs over SVGs with less mortality 
and greater patency rates (>90% at 10 years) could 
be attributed to the striking resistance of this conduit 
to atheroma, where multiple structural and physical 

properties of the IMA could be involved (Table 1) (19). It 
is interesting to note that IMA grafting of the LAD is also 
associated with less progression of native atherosclerotic 
disease within the proximal LAD as compared to when a 
vein graft is anastomosed to the LAD, as well as greater 
and rapid native disease progression from the development 
PG�òCSPTJT�BOE�DBMDJòDBUJPO�

Role of endothelial cells in IMA patency

The IMA endothelium shows fewer fenestrations and 
lower intercellular junction permeability as compared to 
SVG, which could prevent lipoproteins from entering the 
subendothelial space. Segments of IMA collected at the 
time of surgery show a preserved morphology without 
any disturbance of endothelial cells or cautery burns, with 
uniform platelet endothelial cell adhesion molecule-1 
	1&$".��
� TUBJOJOH� BOE� TUSPOH�FYQSFTTJPO�PG�HMVDPTF�
transporter 1. Conversely, inducible nitric oxide synthase 

Figure 2 Histologic changes observed in the internal mammary artery (IMA) graft as compared to the saphenous vein graft (SVG). A,B. 
Histologic sections showing IMA and SVG obtained from a 76-year-old man who underwent coronary artery bypass graft (CABG) surgery 
2 years antemortem. IMA shows no or rare intimal smooth muscle cells (SMCs) whereas SVG exhibit moderate neointimal growth with few 
SMCs but rich in matrix which consists of proteoglycans and collagen; C,D. Histologic sections showing IMA and SVG obtained from a 
69-year-old man who underwent CABG surgery 6 years antemortem. Note the absence of intimal thickening in IMA (C) versus the presence 
of moderate neointimal thickening in SVG from SMCs and proteoglycan-collagenous matrix at the site of anastomosis (arrow heads indicate 
TVUVSF�TJUFT
�XJUI�MFGU�BOUFSJPS�EFTDFOEJOH�BSUFSZ�	-"%
�PS�MFGU�DJSDVNóFY�BSUFSZ�	-$9
�	%
��&'��*."�HSBGU�BOE�47(�GSPN�B����ZFBS�PME�
woman who underwent CABG surgery 12 years antemortem. While the IMA shows minimal intimal thickening, SVG exhibits moderate to 
severe neointimal growth with proteoglycan-collagen matrix and angiogenesis (arrows). All sections were stained with Movat pentachrome

A C E

B D F

2 years 6 years 12 years

Cohn, Lawrence H. Cardiac Surgery in the Adult. Fourth Edition, McGraw-Hill, 2012
Cuminetti G. et al. Neth Heart J 2017 Jan;25(1):4-13

Otsuka et al. Ann Cardiothorac Surg 2013;2(4):519-526
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Artéria Radial

Cohn, Lawrence H. Cardiac Surgery in the Adult. Fourth Edition, McGraw-Hill, 2012 
Cuminetti G. et al. Neth Heart J 2017 Jan;25(1):4-13

Skeletonization of internal thoracic arteries

The RITA is easier and quicker to harvest using this technique. It is 
usually larger than the LITA, and it is very unusual to  damage it 
(Figures 3 and 4). There are no vaso vasorum in the ITA wall, and 
hence, nutritional requirements for wall integrity are entirely from 
the lumen. Skeletonization also results in 2- to 4-cm of extra length. 
Minimal chest wall trauma, leaving the endothoracic fascia, and 
parietal pleura mainly intact, and not disrupting the intercostal 
arteries as they approach the sternal edges, results in superior resid-
ual vascularity to the sternal edges, and sternal infection/dehis-
cence rates achieved are similar to when only one ITA is used, even 
in diabetic patients [11].

Grafting with the radial artery

This is performed exactly as one would with an SVG. For all anas-
tomoses (both proximal and distal), we prefer a simple forehand 
technique; commencing at the furthermost point from the sur-
geon—usually at the ‘heel’ of the graft. Side-to-side (sequential) 
anastomoses are created in a fashion that ensures a perfect lie, 
diamond, angled or parallel.

The RA is robust, 2 mm distally, 3–3.5 mm proximally, has a nice 
wall, is easy to handle and is of su!cient length to reach comfort-
ably to the most distal coronary targets (Figures 5 and 6). If the 
heart is exceptionally dilated, and an RA is used and turns out to be 
of insu!cient length, it can be readily extended proximally using a 
short segment (2–4 cm) of SVG anastomosed obliquely together 
end-to-end. We secure the RA pedicle loosely to the epicardium 
with a number of interrupted 6/0 polypropylene sutures to ensure 
that the lie is maintained and to guard against rotation along the 
longitudinal axis (Video 2).

The proximal radial artery anastomosis to the aorta

An opening in the appropriate part of the ascending thoracic 
aorta is made in the usual fashion (we use an 11-blade and then a 
3.5-mm punch)—in the same manner as one would for a proximal 
SVG anastomosis. The proximal anastomosis is constructed in a 
fashion identical to the case of an SVG. In general, the proximal 
RA  and the proximal SVG are the same size (internal diameter 

Video 2:  Sequential distal right coronary territory grafting with the radial 
artery. End-to-side to the left ventricular branch of the right coronary artery 
and then side-to-side (diamond) anastomosis to the posterior descending. 
Note the excellent handling characteristics of the radial artery and comparable 
size to (slightly larger than) the coronary artery. The proximal end of the radial 
artery is large, comparable with a saphenous vein graft and can always be anas-
tomosed to a normal ascending thoracic aorta.

J. Tatoulis / Multimedia Manual of Cardio-Thoracic Surgery3

Figure 4:  The skeletonized right internal thoracic artery, 15 cm in length, 
3–4 mm (internal/external) diameter superiorly. Pleura intact.

Figure 3:  The right internal thoracic artery being exposed. Note also the inter-
nal thoracic vein pushed superiorly. Figure 5:  Discarded segments of the right internal thoracic artery and radial 

artery. Note good and comparable size.

Figure 6:  Transverse sections of internal thoracic and radial arteries. Note simi-
lar size. The internal thoracic artery has a thinner wall with elastic laminae. The 
radial artery has a thicker wall predominantly due to a muscular media.

n As células endoteliais expressam níveis mais baixos de 
eNOS do que as da IMA.

n A lâmina elástica interna é fenestrada.

n A túnica média é rica em células musculares.

n Maior massa muscular está na origem da sua 
reconhecida propensão ao espasmo (taxa de 4-10%).

n Colhida em paralelo com a ATIE; 

n Comprimento suficiente para ser utilizada para qualquer território; 

n Adaptável a pressões arteriais mais altas; 

n É fácil de manusear (parede muscular espessa); 

n Pode ser colhida na maioria dos doentes (obesidade, diabetes mellitus, radioterapia do mediastino e parede 
torácica).

Vantagens:

n A sua utilização foi descrita pela primeira vez por Carpentier em 1973

n Os resultados iniciais foram desanimadores, com 32% dos enxertos ocluídos aos 2 anos.
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n Apesar do teste de Allen, cerca de 10% dos doentes podem ainda 

desenvolver isquemia ligeira da mão.

We use o!-pump coronary artery bypass and anaortic techniques 
(10% of caseload) when the aorta is calcified or  atheromatous [10].

Radial artery harvest

Radial artery harvest is from the non-dominant forearm after sat-
isfactory Allen’s test (satisfactory in 95%). Through a longitudinal 
incision, the RA is exposed, initially with cautery (Figure 1). The 
distal RA is checked for size and the absence of severe calcifica-
tion. Harvest is performed by a combination of low-grade cautery, 
but mainly by sharp dissection. The RA (plus its intimate veins) is 
harvested as a narrow pedicle. The branches are divided between 
small vascular clips (Video 1). Liberal warm topical papaverine is 
used, and 5000 units of heparin is given intravenously prior to 
securing the distal end (clips) and proximal end (5/0 suture liga-
tion with polypropylene), staying 1–2 cm clear of (distal to) the 
brachial artery bifurcation and the origin of the ulnar artery. 
Topical and intraluminal (2 ml) papaverine in heparinized arterial 
blood at 37 °C, to prevent spasm, is used. The RA is then stored in 
an identical solution. The RA length harvested is appropriate to 
the estimated requirement (Figure 2). Major proximal and/or 

 distal branches are left in situ if a lesser length is required (e.g. for 
a diagonal, intermediate or first marginal). The forearm is closed 
with deep fascia, and subcuticular layers, leaving a small drain in 
situ (24 h), and the forearm is tightly wrapped and tucked beside 
the patient for the rest of the surgery. More recently, we also use 
ultrasound/duplex to assess the RA size and calcification. Radial 
artery harvest should be avoided in collagen diseases such as 
scleroderma and where patients have pronounced Raynaud’s 
phenomena and if they live in a very cold climate.

If two RAs are required (25% of our cases), these are performed 
simultaneously before ITA harvest.

Left internal thoracic artery harvest

Performed in a skeletonized manner or together with the medial 
vein, synchronously with the left RA harvest. Principles of the 
technique are similar to those of the RITA harvest.

Right internal thoracic artery harvest

The parietal pleura is gently pushed o! the endothoracic fascia 
(Video 1). The endothoracic fascia is entered at the level of the 
third interspace, between the right internal thoracic vein medi-
ally (above) and the RITA laterally (below). The right internal 
thoracic vein is pushed upwards to develop a plane between it 
and the RITA. The RITA can then be indirectly retracted down-
wards by pulling down on the endothoracic fascia on the RITA 
side. The plane is developed proceeding distally towards the 
fifth interspace. At this level, the internal thoracic vein is clipped 
to minimize nuisance venous bleeding should the internal tho-
racic vein branches be accidentally damaged during the RITA 
harvest. Proximally, the RITA passes behind the right internal 
thoracic vein and is widely separated particularly in the first and 
second interspaces. The right internal thoracic vein may be 
divided between clips if necessary for excellent exposure of the 
RITA. The right internal thoracic vein branches are defined and 
divided with coronary scissors between clips. Liberal amounts 
of warm papaverine is applied topically to the RITA. Once the 
entire length is exposed, it is gently pushed o! the endothoracic 
fascia (no branches) and then any residual fibrous or fatty tissue 
attachments are divided with cautery. The RITA is then encircled 
down its length by a gauze soaked in warm papaverine and left 
in situ until proposed use.

Video 1:  Harvest of the left radial artery by a no-touch, open technique. 
Branches are divided with scissors between metal clips. The right internal tho-
racic artery is exposed by peeling back the extrapleural tissues, incising the 
endothoracic fascia and developing the plane between the vein superiorly and 
the internal thoracic artery inferiorly. The internal thoracic artery is harvested in 
a skeletonized fashion, and branches are divided with scissors between vascular 
clips. Note the significantly longer radial artery graft by comparison with the 
free right internal thoracic artery grafts.
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Figure 1:  Longitudinal forearm incision for radial artery harvest, 20 cm in 
length. Two weeks after surgery.

Figure 2:  Radial artery prior to use. Note its excellent size and robust nature.

Skeletonization of internal thoracic arteries

The RITA is easier and quicker to harvest using this technique. It is 
usually larger than the LITA, and it is very unusual to  damage it 
(Figures 3 and 4). There are no vaso vasorum in the ITA wall, and 
hence, nutritional requirements for wall integrity are entirely from 
the lumen. Skeletonization also results in 2- to 4-cm of extra length. 
Minimal chest wall trauma, leaving the endothoracic fascia, and 
parietal pleura mainly intact, and not disrupting the intercostal 
arteries as they approach the sternal edges, results in superior resid-
ual vascularity to the sternal edges, and sternal infection/dehis-
cence rates achieved are similar to when only one ITA is used, even 
in diabetic patients [11].

Grafting with the radial artery

This is performed exactly as one would with an SVG. For all anas-
tomoses (both proximal and distal), we prefer a simple forehand 
technique; commencing at the furthermost point from the sur-
geon—usually at the ‘heel’ of the graft. Side-to-side (sequential) 
anastomoses are created in a fashion that ensures a perfect lie, 
diamond, angled or parallel.

The RA is robust, 2 mm distally, 3–3.5 mm proximally, has a nice 
wall, is easy to handle and is of su!cient length to reach comfort-
ably to the most distal coronary targets (Figures 5 and 6). If the 
heart is exceptionally dilated, and an RA is used and turns out to be 
of insu!cient length, it can be readily extended proximally using a 
short segment (2–4 cm) of SVG anastomosed obliquely together 
end-to-end. We secure the RA pedicle loosely to the epicardium 
with a number of interrupted 6/0 polypropylene sutures to ensure 
that the lie is maintained and to guard against rotation along the 
longitudinal axis (Video 2).

The proximal radial artery anastomosis to the aorta

An opening in the appropriate part of the ascending thoracic 
aorta is made in the usual fashion (we use an 11-blade and then a 
3.5-mm punch)—in the same manner as one would for a proximal 
SVG anastomosis. The proximal anastomosis is constructed in a 
fashion identical to the case of an SVG. In general, the proximal 
RA  and the proximal SVG are the same size (internal diameter 

Video 2:  Sequential distal right coronary territory grafting with the radial 
artery. End-to-side to the left ventricular branch of the right coronary artery 
and then side-to-side (diamond) anastomosis to the posterior descending. 
Note the excellent handling characteristics of the radial artery and comparable 
size to (slightly larger than) the coronary artery. The proximal end of the radial 
artery is large, comparable with a saphenous vein graft and can always be anas-
tomosed to a normal ascending thoracic aorta.
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Figure 4:  The skeletonized right internal thoracic artery, 15 cm in length, 
3–4 mm (internal/external) diameter superiorly. Pleura intact.

Figure 3:  The right internal thoracic artery being exposed. Note also the inter-
nal thoracic vein pushed superiorly. Figure 5:  Discarded segments of the right internal thoracic artery and radial 

artery. Note good and comparable size.

Figure 6:  Transverse sections of internal thoracic and radial arteries. Note simi-
lar size. The internal thoracic artery has a thinner wall with elastic laminae. The 
radial artery has a thicker wall predominantly due to a muscular media.
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Figure 4:  The skeletonized right internal thoracic artery, 15 cm in length, 
3–4 mm (internal/external) diameter superiorly. Pleura intact.

Figure 3:  The right internal thoracic artery being exposed. Note also the inter-
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artery. Note good and comparable size.

Figure 6:  Transverse sections of internal thoracic and radial arteries. Note simi-
lar size. The internal thoracic artery has a thinner wall with elastic laminae. The 
radial artery has a thicker wall predominantly due to a muscular media.

Contra-indicações:

n Arterosclerose na ecografia (5.3% vs 0.7% ATI);

n Trauma em canulações anteriores;

n Fístula arteriovenosa para hemodiálise;

n Vasculite;

n Síndrome do túnel do carpo;

n Doença de Raynaud.

n A colheita da radial leva a um aumento crónico no fluxo da artéria 

cubital, acompanhado de aumento da espessura íntima-média e da 

doença arterosclerótica. 

n Estes achados podem ter implicações importantes para a sua  

indicação em doentes especialmente jovens.

n Esta artéria é muito sensível ao fluxo competitivo.
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Cuminetti G. et al. Neth Heart J 2017 Jan;25(1):4-13.

Artéria Gastroepiploica

n Ramo da artéria gastroduodenal que corre paralelo à maior 
curvatura do estômago.

n Suma et al. descreve uma taxa de permeabilidade de 5 anos de 
85,5%, implicando uma durabilidade significativa do enxerto.

n Parede mucular, tendência para vasoespasmo.

n Angiografia in situ é mais difícil do que qualquer outro enxerto pela 
sua localização.

n Parece ter baixa incidência de arterosclerose e fluxo suficiente para 
ser utilizada na cirurgia. 

n Descrita a sua utilização para a coronária direita, seus ramos e 
território da Circunflexa.
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Veia Safena (VS) vs Artéria Radial (RAD)

Radial artery versus saphenous vein patency randomized trial: five-year angiographic follow-up.
Collins P et al. Radial Artery Versus Saphenous Vein Patency (RSVP) Trial Investigators. Circulation. 2008 Jun 3;117(22):2859-64

n Estudo prospetivo randomizado com 142 doentes.

n Revascularização do território da Circunflexa (Cx) com estenose >70%.

n 82 doentes com RAD e 60 doentes com VS.

n Endpoint foi avaliar a patência dos vasos.

Operative Data
Patients randomized to radial artery and saphenous vein
grafts received 3.3!0.7 (median, 3; range, 2 to 5) and
3.3!0.6 (median, 3; range, 2 to 4) grafts, respectively.
Cardiopulmonary bypass time (96!28 and 95!28 minutes)
and cross-clamp time (50!19 and 51!20 minutes) were the
same for both groups. Thirty-day mortality was 0.7% (n"1);
1 patient in the saphenous vein cohort experienced a cata-
strophic stroke on postoperative day 3 and died on day 8.
There was no difference in in-hospital morbidity except for
delayed wound healing in the conduit harvest site, which was
more common in the saphenous vein group (16% versus 5%;
P"0.03). In the 23 patients studied, harvesting of the radial
artery did not adversely affect subsequent forearm function or
blood flow to a clinically significant degree 3.4!0.4 months
postoperatively.15

Postoperative Medical Treatment
At 5 years, patients randomized to radial artery or saphenous
vein grafts were taking equivalent amounts of cardiovascular
medication, including aspirin, lipid-lowering drugs, angioten-
sin-converting enzyme inhibitors, !-blockers, and calcium
channel antagonists, as prescribed by their primary physician.
There were no significant differences between the groups.

Angiography at 5 Years
Follow-up angiography was performed in 103 of the 134
patients alive and not withdrawn from the study (77%; the
Table). Angiography was performed a mean!SD of 67!10
and 68!12 months after surgery in those patients randomized
to radial artery and saphenous vein grafts, respectively.

Primary Analysis
Graft occlusion (P5) occurred in 6 of 44 saphenous vein grafts
and 1 of 59 radial artery grafts, corresponding to patency rates

of 86.4% and 98.3% (P"0.04; Figure 1) and an absolute
difference of 11.9% (95% CI, 5.6 to 18.2) between saphenous
vein and radial artery grafts.

Secondary Analysis
Visual grading of the angiographic data is presented in Figure
2. Ten patients (23%) with patent vein grafts had graft disease
graded P2 or P3. Five radial artery grafts graded P2 or P3
(8.5%) had anastomotic stenoses but remained patent with
good flow and had no evidence of graft disease/atheroma/
intimal proliferation. The string sign (P4) was present in 1
radial artery graft and 0 saphenous vein grafts.

Table. Clinical Characteristics of All Patients at Randomization and Those Who Underwent
Follow-Up Angiography

Characteristic

All Patients
(n"142)

Patients With Angiographic
Follow-Up
(n"103)

RA (n"82) SV (n"60) RA (n"59) SV (n"44)

Age, y 58!6 59!7 58!6 58!8

Male/female, n (%) 79/3 (96/4) 58/2 (97/3) 57/2 (97/3) 42/2 (95/5)

Smoking status, n (%)

Current 14 (17) 6 (10) 10 (17) 2 (5)

Ex 52 (63) 37 (62) 36 (61) 30 (68)

Never 16 (20) 17 (28) 13 (22) 12 (27)

Diabetes, n (%) 15 (18) 10 (17) 11 (19) 6 (14)

Hypertension, n (%) 46 (56) 32 (53) 34 (58) 22 (50)

Hypercholesterolemia, n (%) 63 (77) 52 (87) 41 (69) 37 (84)

Previous MI, n (%) 45 (55) 29 (48) 30 (51) 20 (45)

Target vessel stenosis, n (%)

70% to 89% 45 (55) 28 (47) 33 (56) 20 (45)

90% to 99% 22 (27) 18 (30) 16 (27) 13 (30)

100% 15 (18) 14 (23) 10 (17) 11 (25)

RA indicates radial artery; SV, saphenous vein; and MI, myocardial infarction.

Figure 1. Graft patency at 5 years. There was a significant dif-
ference in patency (P"0.04). Black bars indicate patent grafts;
hatched bars, blocked grafts.

Collins et al RSVP Trial 2861
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n Patência para RAD de 98,3% vs 86,4% da VS.

n 23% das VS apresentavam sinais de doença.

n Sobrevida de 94% em ambos os grupos.

n A patência da RAD foi sobreponível a ATI.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Collins%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18506009
https://www.ncbi.nlm.nih.gov/pubmed/?term=Collins%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18506009
https://www.ncbi.nlm.nih.gov/pubmed/?term=Radial%20Artery%20Versus%20Saphenous%20Vein%20Patency%20(RSVP)%20Trial%20Investigators%5BCorporate%20Author%5D
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Radial artery versus saphenous vein graft patency: Meta-analysis of randomized controlled trials

Benedetto U et al. jtcvs. 2010 Jan. volume 139, Issue 1: 229–231

n 5 RCTs (n=936 doentes) RAD vs VS como 2º conduto:
n 563 doentes receberam RAD e 546 doentes receberam a VS.
n Coronariografia foi possível em 71,4% dos doentes.
n Tempo médio foi de 22 meses (10-52 meses).
n Avaliar a patência do conduto.

DISCUSSION
The RA is widely believed to achieve a better graft pa-

tency rate than the SVG when grafted on coronary arteries
other than the left anterior descending artery, despite
a lack of conclusive results. To date, only 5 available
RCTs have compared RA versus SVG patency. The study
by Desai and coworkers,3 which included the largest number
of patients, showed the RA having a reduced total graft oc-
clusion rate but a significantly higher rate of graft failure

caused by severely compromised flow state (string sign).
The present meta-analysis, pooling data from RCTs, found
the RA and SVG to have similar graft failure rates, and these
results were not influenced by follow-up time.

In conclusion, no definitive evidence supports the superi-
ority of the RA over the SVG in terms of graft failure rate in
patients undergoing CABG. This result is primarily dictated
by the RA’s high incidence of severely impaired flow state,
probably related to its marked vasal reactivity.

FIGURE 1. Right, Radial artery (RA) failure rates of individual trials (squares) and the pooled summary effect estimate (diamond) with its 95% confidence

interval (CI). Left, Saphenous vein graft (SVG) failure rates of individual trials (squares) and the pooled summary effect estimate (diamond) with its 95%

confidence interval (CI).

FIGURE 2. Right, Risk difference for radial artery (RA) versus saphenous vein graft (SVG) failure rate. Squares indicate individual trials, and the diamond

indicates the pooled summary effect estimate with its 95% confidence interval (CI). Left, Meta-regression analysis of time to follow-up (FU) angiographic

analysis on estimated risk differences. Circles indicate individual trials.

Brief Research Reports

230 The Journal of Thoracic and Cardiovascular Surgery c January 2010

n A falência dos condutos foi sobreponível:

n  14.1% (95% CI, 11.4% to 17.4%; P < .001) e 14.6% (95% CI, 11.8% to 17.8%; P < .001) para a 
RAD e VS, respectivamente.

n Resultado da RAD poderá ficar a dever-se a sua tendência para vasoespasmo.
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Radial artery versus saphenous vein conduits for coronary artery bypass surgery: forty years of 
competition--which conduit offers better patency? A systematic review and meta-analysis.

Athanasiou T et al. ejcts.40 (2011) 208—220

n 35 estudos foram incluídos, categorizados de acordo com o tempo médio da angiografia coronária.

n Avaliar a patência da RAD vs VS.

n Follow up: precoce (<1ano) com 6795 condutos avaliados;

                               tempo intermédio (1-5 anos) com 3232 condutos avaliados;

                                longa duração (>5anos) com 1157 condutos avaliados,

n A patência da VS foi sobreponível a RAD no primeiro ano - odds ratio de 1.04 (95% IC 0.68 - 1.61).

n Follow up intermédio a RAD apresentou maior patência (OR 2.06); diferença que aumentou após 

os 5 anos da revascularização (OR 2.28).

n A falência nos primeiros anos deve-se-á sobretudo a razões técnicas.

n A partir dos 5 anos, a patência estará mais relacionada com as características biológicas do 

conduto e a sua resistência à arterosclerose. 

n Preferência da RAD sobre a VS em doentes com esperança média de vida > 5 anos.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Athanasiou%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21167726
https://www.ncbi.nlm.nih.gov/pubmed/?term=Athanasiou%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21167726
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Late Effects of Radial Artery Versus Saphenous Vein Grafting in Patients Aged 70 Years or Older
Habib R. et al. Ann Thorac Surg 2012;94:1478–84

n Estudo retrospetivo com 2120 doentes (1996-2007).

n A artéria radial foi utilizada como segundo conduto em 607 doentes e a veia safena em 1513.

n Endpoint: sobrevida dos doentes.

n Mortalidade operatória foi de 2,3% em ambos os grupos.

n A sobrevida foi superior grupo ITA/RAD versus ITA/SV: 85,1% vs 70,6% e 70,9% vs 50,5% nos 5 e 
10 anos respectivamente (p <0,001).

n Estes doentes beneficiam substancialmente com RAD como segundo conduto.

was conducted with SPSS version 19.0 software (SPSS
Inc, Chicago, IL).

Results

All Patients
The study population included 2,120 of 2,605 (81.4%)
elderly patients (median 75 years of age; 39.3% women).
The combined 11-year ITA/RA use was significantly
lower in elderly (n ! 607) versus nonelderly patients
(28.6% versus 46.8%; p " 0.001), although it increased
substantially for older patients between 1996 and 1997
(7% to 8%) and 2006 (54.7%). The difference in RA
utilization was relatively small by 2006 (54.7% versus
63.0%). Bilateral RA use (6.3% versus 9.2%; p ! 0.03) and
all-arterial CABG (13.8% versus 21.0%; p " 0.001) were
lower in the elderly compared with nonelderly.

Several patient factors showed substantial standard-
ized differences (#10%) between baseline ITA/RA and
ITA/SV subcohorts (Supplementary Table 1). The
ITA/SV patients were more likely to be female, smaller
size, and generally had more comorbidity (eg, renal
failure, vascular disease). The ITA/RA patients were
more likely to have triple-vessel disease and to have
received more grafts. Completeness of revascularization
was higher for ITA/RA subcohort (Table 1).

Operative death was essentially identical for elderly
ITA/RA patients versus ITA/SV patients (14 of 607
[2.31%] versus 35 of 1,513 [2.31%]; p ! 0.880). At late
follow-up (Table 2), total deaths were less frequent
among ITA/RA patients than ITA/SV patients (118 of 607
[19.4%] versus 577 of 1,513 [38.1%], respectively; p "
0.001). Unadjusted 12-year survival was significantly bet-
ter for ITA/RA (overall, p " 0.001; Fig 1A-Left), and that
was true for both septuagenarians (p ! 0.003; Fig 1B-Left)
and octogenarians (p ! 0.048; Fig 1C-Left).

Propensity-Matched Patients
Matching resulted in 480 matched ITA/RA and ITA/SV
pairs (79% of all ITA/RA). All patient factor differences
were removed with all standardized differences below
10% (all p # 0.2; Table 1).

Operative mortality was identical for ITA/RA and
ITA/SV cohorts at 2.3%, but mortality estimates at 1, 5,
and 10 years remained different for matched patients,
including for age subgroups (Table 2), and hence, sur-
vival was substantially worse for ITA/SV for all elderly
(p " 0.001; Fig 1A-Right), septuagenarians (p " 0.001; Fig
1B-Right), and octogenarians (p ! 0.032; Fig 1C-Right).
Cumulative mortality for the matched ITA/RA and
ITA/SV cohorts exhibited biphasic (early and late) char-
acteristics (Fig 2). Excluding all 30-day deaths, the risk

Fig 1. Comparison of internal thoracic artery/
saphenous vein (ITA/SV) and internal thoracic
artery/radial artery (ITA/RA) survival before
matching (left) and after matching (right): (A)
all elderly patients, (B) septuagenarian subco-
hort, and (C) octogenarian subcohort. Error
bars ! SE.
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utilization was relatively small by 2006 (54.7% versus
63.0%). Bilateral RA use (6.3% versus 9.2%; p ! 0.03) and
all-arterial CABG (13.8% versus 21.0%; p " 0.001) were
lower in the elderly compared with nonelderly.

Several patient factors showed substantial standard-
ized differences (#10%) between baseline ITA/RA and
ITA/SV subcohorts (Supplementary Table 1). The
ITA/SV patients were more likely to be female, smaller
size, and generally had more comorbidity (eg, renal
failure, vascular disease). The ITA/RA patients were
more likely to have triple-vessel disease and to have
received more grafts. Completeness of revascularization
was higher for ITA/RA subcohort (Table 1).
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follow-up (Table 2), total deaths were less frequent
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was conducted with SPSS version 19.0 software (SPSS
Inc, Chicago, IL).
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All Patients
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Radial artery and saphenous vein patency more than 5 years after coronary artery bypass surgery: 
results from RAPS (Radial Artery Patency Study).

Deb S et al. RAPS Investigators. JACC 2012 Jul 3;60(1):28-35

n Estudo multicêntrico randomizado com 510 doentes (1996-2001).

n Território da Cx e CD (lesões >70%).

n Angiografia coronária aos 7.7 +/- 1.5 anos.

posite endpoint of major adverse cardiac events (MACE)
was defined as cardiac death, nonfatal myocardial infarction,
and any repeat revascularization procedure. Death was
considered to be due to cardiac causes unless a definite
noncardiac cause was identified. All clinical events were
reviewed centrally in a blinded fashion by a committee
consisting of 2 cardiologists and 1 cardiac surgeon.
Statistical analysis. The comparison between radial artery
and study SVG occlusion was performed on an intention-
to-treat basis using the McNemar’s test for paired propor-
tional data. An initial test for the treatment (radial artery or
SVG) by target vessel interaction was performed with
logistic regression. Freedom from late clinical events and
cumulative graft patency was summarized using Kaplan-
Meier analysis. A p value of 0.05 indicated statistical
significance. Statistical analysis was performed with SAS
version 9.2 (Cary, North Carolina).

Results

Patient population. Between November 1996 and January
2001, 561 patients were enrolled from 12 university Cana-
dian centers and 1 center from New Zealand, of whom 440
underwent angiography at 1 year post-operatively. Eleven
Canadian centers agreed to participate in late clinical
follow-up (n ! 529); 9 centers participated in the late
angiographic study (n ! 510) (Fig. 1). There were 358
patients who remained alive and eligible for late angiogra-
phy 5 years post-operatively. Altogether, 269 of the 358
patients (75%) underwent late angiography at a mean of
7.7 " 1.5 years after surgery (234 by invasive angiography
and 35 by CTA). The last study angiogram was performed
in October 2010. Angiography was performed per protocol
in 244 patients at 7.8 " 1.4 years and in 25 patients for
clinical reasons at 6.7 " 1.6 years following surgery. Table 1

lists the baseline patient characteristics (see the Online
Appendix for additional details).
Post-operative management. Discharge medications in
529 patients were aspirin in 92%, anticoagulants in 9%,
lipid-lowering medications in 49%, beta-blockers in 70%,
and angiotensin-converting enzyme inhibitors or angioten-
sin receptor blockers in 10%. At the time of last follow-up
(mean medication follow-up 6.7 " 3.3 years), 83% were
taking aspirin, 9% were taking other antithrombotic medi-
cations, 77% were taking a lipid-lowering medication, 56%
were taking a beta-blocker, and 51% were taking an
angiotensin-converting enzyme inhibitor or angiotensin re-
ceptor blocker. Calcium-channel blockers were prescribed in
94% of patients at hospital discharge; 33% of patients contin-
ued to take calcium-channel blockers at last follow-up.
Angiographic endpoints. The treatment by target vessel
interaction was tested initially for the angiographic end-
points and was nonsignificant by logistic regression. The
primary endpoint of functional graft occlusion was reduced
in radial arteries compared with SVG (28 of 234 [12.0%] vs.
46 of 234 [19.7%]; p ! 0.03 by McNemar’s test) (Table 2).
Including the 3 patients with occlusion of both radial and
SVG at the 1-year study, late radial graft occlusion was
13.1% and SVG occlusion was 20.7%. Functional occlusion
of ITA grafts to the LAD was 9.6%. The on-treatment
results were identical to the intention-to-treat results. Cu-
mulative graft patency is presented in Figures 2A and 3A.

The frequency of the secondary endpoint of complete
graft occlusion was also significantly reduced in the radial
artery compared with SVGs (24 of 269 [8.9%] vs. 50 of 269
[18.6%]; p ! 0.002) (Table 2). Including the 3 patients with
both study grafts occluded at 1 year, radial graft occlusion
was 9.9% compared with 19.5% for the SVGs. Correspond-
ing results for ITA grafts to the LAD were 5.9%. Cumu-
lative graft patency is presented in Figures 2B and 3B.

Angiographic EndpointsTable 2 Angiographic Endpoints

Radial Artery Saphenous Vein Odds Ratio (95% CI)
Absolute Difference

(95% CI) p Value

TIMI flow grade*

3 206/234 (88.0) 188/234 (80.3)

2 2/234 (0.9) 0/234 (0)

1 5/234 (2.1) 2/234 (0.9)

0 21/234 (9.0) 44/234 (18.8) 0.45 (0.25–0.80) 9.8% (3.4–16.4%) 0.003

Primary endpoint: functional graft occlusion (TIMI flow grade 0 or 1 or 2) 28/234 (12.0) 46/234 (19.7) 0.58 (0.34–0.97) 7.7% (0.8–14.6%) 0.03

70%–89% proximal stenosis of native vessel disease 15/93 (16.1)† 21/82 (25.6)‡

!90% proximal stenosis of native vessel disease 13/141 (9.2) 25/152 (16.4)

Angiographic string sign* 8/234 (3.4) 0/234 (0) 0.01

Secondary endpoint: complete occlusion§ 24/269 (8.9) 50/269 (18.6) 0.46 (0.26–0.77) 9.7% (3.7–15.8%) 0.002

70%–89% proximal stenosis of native vessel disease 12/105 (11.4)! 22/94 (23.4)¶

!90% proximal stenosis of native vessel disease 12/164 (7.3) 28/175 (16.0)

Values are n/n (%) or odds ratio (95% confidence interval [CI]). The primary and secondary angiographic endpoints of the trial are presented. The reported p values are from McNemar’s test results. *Results
from invasive x-ray angiography only (n ! 234). †For comparison of radial artery grafts with #90% proximal target vessel stenosis with !90% proximal target vessel stenosis, p ! 0.11, for functional
occlusion. ‡For comparison of saphenous vein grafts with #90% proximal target vessel stenosis with !90% proximal target vessel stenosis, p ! 0.09, for functional occlusion. §Results from invasive X-ray
and computed tomography angiography (n ! 269). !For comparison of radial artery grafts with #90% proximal target vessel stenosis with !90% proximal target vessel stenosis, p ! 0.25, for complete
occlusion. ¶For comparison of saphenous vein grafts with #90% proximal target vessel stenosis with !90% proximal target vessel stenosis, p ! 0.14, for complete occlusion.

TIMI ! Thrombolysis In Myocardial Infarction.

31JACC Vol. 60, No. 1, 2012 Deb et al.
July 3, 2012:28–35 Late Radial Artery and SVG Patency

https://www.ncbi.nlm.nih.gov/pubmed/?term=Deb%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22742399
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deb%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22742399
https://www.ncbi.nlm.nih.gov/pubmed/?term=RAPS%20Investigators%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=RAPS%20Investigators%5BCorporate%20Author%5D
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Radial Artery Patency and Clinical Outcomes: Five-year interim results of a randomized trial

Buxton et al. jtcvs 2003;125: 1363-71

Artéria Radial vs Artéria Torácica Interna Direita

n Estudo prospetivo e randomizado.
n Grupo 1 (n= 285 doentes; idade < 70 anos) a RAD foi comparada com a ATID.
n Grupo 2 (n= 153 doentes; idade > 70 anos) a RAD foi comparada com a VS.
n Considerado falência do conduto com estenoses > 70%.

have improved the outcomes of both the control and
study grafts.
There are two randomized trials that have analyzed graft

patency as an end point, one published,40 and the other in
progress.26 Fremes26 and the RAPS investigators from Sun-
nybrook (Toronto, Ontario, Canada) have enrolled 560 pa-
tients in a prospective multicenter randomized clinical trial
comparing the RA patency with that of the SV when grafted
to the right or circumflex coronary arteries. This study is
comparing the 8- to 12-month protocol-directed angio-
graphic patency of the RA versus the SV coronary bypass
grafts, with each patient serving as his or her own control.
The primary end point of the study is the proportion of RA
and control SV grafts occluded at the time of angiography.
TIMI flow and graft stenoses are also recorded. Because the
RA and the control SV are used in all patients, however, it
will be difficult to attribute a clinical outcome to the use of
a particular graft. In contrast, the RAPCO trial has both
graft patency and survival end points. The trial was de-
signed with two strata, a younger and older group, which
reflects current clinical practice. This study is designed to
answer the following questions: Should the surgeon choose
an RA or ITA graft in young patients? Should the surgeon

favor the RA rather than SV in older patients? There is one
trial graft in each patient, compared with two trial grafts in
the RAPS. Thus the RAPCO angiographic study is rela-
tively underpowered compared with the RAPS; the power
calculation is not time dependent, and therefore it would be
expected that if a true difference existed, a longer follow-up
period would be required to achieve a statistically signifi-
cant result. This 5-year interim report represents a small
proportion of the expected angiographic results. Compli-
ance with the protocol-directed angiography schedule in the
first year was about 80%, although some missed the sched-
uled date. The clinical end points of survival and freedom
from myocardial infarction, percutaneous intervention, and
reoperation are robust end points that will continue to be
recorded during the next decade.
The categoric angiographic end point of graft failure,

defined as occlusion or a stenosis of at least 70%, corre-
sponds with the accepted threshold for intervention in native
coronary arteries. Graft failure is defined by occlusion and
absence of TIMI 3 flow in the RAPS.26 In the RAPCO, trial
the string sign was defined as uniform narrowing (!50%) of
a graft with delayed opacification of the target artery (TIMI
1 or 2 flow) and recorded as graft failure. Similarly,
Fremes26 defines the string sign as occlusion of the graft.
Graft disease may involve the proximal and distal anasto-
moses. Anastomotic disease may be the result of poor
surgical technique, the healing and remodeling process, or
disease in the native coronary artery or aorta. Anastomotic
disease in the RAPCO trial has been flagged and will be
analyzed separately. The angiographic committee will make
recommendations on the presurgical entry angiographic cri-
teria and the management of anastomotic disease. Quanti-

Figure 2. Five year Kaplan-Meier estimates of graft patency. A, Comparison of RA grafts with free right ITA (RITA)
grafts. B, Comparison of RA grafts with SV grafts

TABLE 4. Deaths and cardiac events
Group 1 Group 2

RA Right ITA RA SV

Deaths (n " 18) 3 6 6 3
Percutaneous interventions (n " 8) 3 2 1 2
Myocardial infarctions (n " 3) 1 1 0 1

All perioperative and subsequent deaths and cardiac events are included.

Surgery for Acquired Cardiovascular Disease Buxton et al

1368 The Journal of Thoracic and Cardiovascular Surgery ! June 2003

ACD

n Sem diferença na sobrevida, necessidade de revascularização (PCI) e EAM da RAD vs ATID e VS.
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Oclusão do conduto (tempo médio 52 meses)

Systematic comparison of the effectiveness of radial artery and saphenous vein or right internal 
thoracic artery coronary bypass grafts in non-left anterior descending coronary arteries 

Hu et al. J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2011 12(4):273-279

Mortalidade (1-6 anos)

n 11 RCTs com 3889 doentes.

n Endpoint: patência; infeção local da colheita e mortalidade.

AR

Hu et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol)  2011 12(4):273-279 277

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Mortality 
There were four studies reporting mortality after 

CABG, among which three were randomized trials, 
with follow-up ranging from one to six years. This 
systematic assessment demonstrated comparable 
mortality in the follow-up period between the two 
grafts (7.19% with radial artery graft vs. 8.55% with 
great saphenous vein graft; RR 0.839, 95% CI 0.661– 
1.065; no statistical heterogeneity, P=0.927) (Fig. 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3.2  Comparison between radial and right internal 
thoracic artery grafts 

We only retrieved five published studies of four 
clinical controlled trials comparing the effects of 
CABG with radial and right internal thoracic artery 
grafts; hence the data available that could be pooled in 
the meta-analysis were limited. The pooling results 
showed comparable mortality and repeat percutaneous 
transluminal coronary angioplasty operatively (RR 
0.68, 95% CI 0.36–1.28; RR 1.01, 95% CI 0.33–3.10). 
However, there may have been less cardiac-related 

events (myocardial infarction, heart failure, etc.) in 
the radial artery group than in the right internal 
thoracic artery group (RR 0.49, 95% CI 0.28–0.87, 
P=0.014). 

3.4  Sensitivity analysis results 

We did not identify any significant difference in 
RR and heterogeneity for the outcomes of interest 
using both random and fixed effects models. Results 
in the graft occlusion risk from a random effects 
model were similar, with an RR of 0.507 (95% CI 
0.369–0.696, P<0.05) and no statistical heterogeneity 
(P=0.282). When the matched trial was excluded, 
with only the five randomized studies in consideration 
for subgroup analysis, the RR was 0.496 (95% CI 
0.347–0.709, P<0.05) without significant heterogeneity 
(P=0.172). 

 
 

4  Discussion 
 

The great saphenous vein graft has been used in 
coronary artery bypass surgery for several decades 
since the advent of CABG; however, radial artery 
grafting has become increasingly popular in a wide 
range of surgical specialities recently. Diabetes, 
emerging to be an epidemic as one of the major causes 
of coronary heart disease, increases the risk of vein 
graft failure. Sharing some main common favorable 
features with the left internal thoracic artery, such as 
arterial thick muscular wall and endothelial respon-
sive vasodilatation, the radial artery is assumed to be 
of superiority over the great saphenous vein. In addi-
tion, there is less concerning about sternal wound 
healing compared to using bilateral internal thoracic 
arteries. 

The pooling results from this analysis in com-
paring radial artery with great saphenous vein grafts 
in coronary artery bypass suggest that radial artery 
grafts produce a less definitive graft occlusion in the 
early and middle terms. Possible explanations for this 
outcome may be as follows. First and foremost, the 
radial artery shares the intrinsic characteristics of a 
coronary artery, ensuring the constant blood flow 
with the coronary artery, including the function of 
vasodilatation, allowing modulation in supply volume, 
the distinct endothelial resistance to atherosclerosis, 
and the large scale of the arterial blood shear forces. 
In addition, there is more biocompatibility in the 
artery-artery anastomosis, which is the most frequent 
site producing thrombus. Last, but not least, the  

Fig. 3  Forest plot showing results from meta-analyses 
of trials reporting graft harvest site infection after 
coronary artery bypass with radial arteries compared 
to great saphenous veins 
RR: relative risk; CI: confidence interval 

Study 
ID 

Collins et al., 2008 

Muneretto et al., 2004 

Hata et al., 2002 

Zacharias et al., 2004 

Overall (I2=59.8%, P=0.059) 
NOTE: Weights are from random  

effects analysis 
 

RR  
(95% CI) 

0.29 (0.10, 0.89)   29.14 

0.07 (0.00, 1.15)     9.83 

0.06 (0.03, 0.13)   34.79 

0.27 (0.08, 0.97)   26.23 

0.14 (0.05, 0.39) 100.00 

 

Weight
(%) 

0.00387 1 258 

Study 
ID 

Singh et al., 2008 

Hayward et al., 2008 

Muneretto et al., 2004 

Zacharias et al., 2004 

Overall (I2=0.0%, P=0.927) 

1.00 (0.38, 2.64)     6.01

0.97 (0.51, 1.85)   12.17

0.71 (0.24, 2.16)     5.25

0.81 (0.62, 1.07)   76.57

0.84 (0.66, 1.07) 100.00

RR  
(95% Cl) 

Weight
(%) 

0.237 1 4.23 

Fig. 4  Forest plot showing results from meta-analyses 
of trials reporting all cause mortality after coronary 
artery bypass with radial arteries compared to great 
saphenous veins 
RR: relative risk; CI: confidence interval 

VS
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3.2  Quality of the inclusion 
 

The qualities of included studies for radial and 
great saphenous vein grafts were regarded as high, 
and four studies (Gaudino et al., 2005; Collins et al., 
2008; Hayward et al., 2008; Singh et al., 2008) 
obtained a grade of good, as the authors clearly 
disclosed the method of randomization, dropout rate 
and reason, and the intention-to-treat analysis. As 
well, allocation concealment was performed. Owing 
to a lack of declaration that allocation concealment or 
intention-to-treat analysis was used, two trials (Hata 
et al., 2002; Muneretto et al., 2004) obtained a 
moderate grade. We assigned poor quality to one trial 
(Zacharias et al., 2004) because of the matched 
pattern of its design type not to mention blinding, 
allocation concealment, or intention-to-treat analysis 
(Table 2). Relatively speaking, the qualities of trials 
for radial and right internal thoracic artery grafts were 
poor owing to retrospective (Lemma et al., 2001; 
Miana et al., 2007) and matched designs (Caputo  
et al., 2003), except for one prospective randomized 
study (Hayward et al., 2007; 2010). 

 
 
 
 
 
 
 
 
 
 
 
 

3.3  Outcomes of interest 

3.3.1  Comparison between radial and great 
saphenous vein grafts 

1. Graft occlusion 
Six studies presented data on graft occlusion over 

the maximum follow-up periods, ranging from one to 
six years. Of these, five were randomized studies and 
four contained groups that were followed up for at 
least 52 months. Hayward et al. (2007) showed that 
the graft failure rates at five years were similar for 
radial arteries and great saphenous veins. However, 

the remaining trials all suggested the superiority of 
radial arteries in patency, compared to vein conduits. 
The pooling analysis calculated an RR of 0.507 (95% 
CI 0.411–0.626, P<0.05) in graft occlusion with 
radial arteries compared to great saphenous veins, 
with no statistical heterogeneity (Ȥ2=6.31, P=0.277). 
The attributable heterogeneity (I2) was 20.8% (Fig. 1). 
Meanwhile, there existed no bias (P=0.707) (Fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Harvest site infection 
Four clinical trials, focusing on harvesting 

wound infections, demonstrated that there were 
significantly higher infection rates in legs (vein grafts) 
than in arms (radial artery grafts). Random effects 
(DerSimonian-Laird) pooled RR was 0.140 (95% CI 
0.051–0.385, P<0.05). Heterogeneity was significant 
(I2=59.8%) (Fig. 3), but without bias (P=1). 

Table 2  Quality assessments of the randomized clinical 
studies included 

Score Study 
No.* Allocation 

concealment Blinding Random 
generator 

Lost to 
follow-up Total

1 2 1 1 1 5 
2 2 0 2 0 4 
3 2 0 2 1 5 
4 1 1 2 1 5 
5 1 0 0 0 1 
6 1 0 0 0 1 

* As shown in Table 1 
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Fig. 2  Publication biases of all clinical studies reporting 
graft occlusion 
RR: relative risk; SE: standard error 
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0.60 (0.41, 0.89)    25.81 
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Weight
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Fig. 1  Forest plot showing results from meta-analyses 
of trials reporting graft occlusion after coronary artery 
bypass with radial arteries compared to great 
saphenous veins 
RR: relative risk; CI: confidence interval 

VS AR

n Infeção da safenectomia significativamente superior à infecção do membro superior.

n Mortalidade e necessidade de reintervenção (PCI) sobreponíveis entre os grupos RAD vs ATID.
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The second best arterial graft: A propensity analysis of the radial artery versus the free right 
internal thoracic artery to bypass the circumflex coronary artery

Tranbaugh et al. J Thorac Cardiovasc Surg 2014;147:133-42

n Estudo retrospetivo: RAD (n= 1334 doentes) ou ATID (n=1154 doentes) para território da Cx.

n 17,7% RAD e 9.3% da ATID foram submetido a angiografia  por sintomas (5.3 +/- 3.7 anos).

n Condutos com estenose >70% ou calibre com < 1mm foram considerados ocluídos. 

(RA, 83.0% vs RITA, 70.6%). Both groups had a similar
number of diabetic patients. Coronary artery disease was
more extensive in the RITA group, but the number of bypass
grafts per patient was similar (RA, 3.9; RITA, 4.0) in both
groups. The RA unmatched patients had 2.4 ! 0.6 arterial
grafts per patient compared with 3.1 ! 0.7 arterial grafts
per patient for the RITA patients, reflecting the prevalent
use of sequential grafting using the RITA (and often the
LITA) in the RITA group. In all, 31% of the RA patients
and 79% of the RITA patients received more than 2 arterial
grafts. Among RA patients, 18% had sequential or Y grafts,
6.6% had bilateral RA grafts, and a long RA occasionally
could be used for 2 individual aortocoronary grafts. For
RITA patients, 58% had sequential or Y grafts. Sequential
LITA grafting was performed in 43% of the RITA patients
and in 3.8% of the RA patients.

Long-term follow-up evaluation averaged 9.0! 4.3 years
for the RA patients and 8.5 ! 4.6 years for the RITA
patients, with a range 0.1 to 16 years. There were a total
of 178 postdischarge deaths in the RA group and 327
postdischarge deaths in the RITA group. Including the
surgical deaths, the total all-cause mortality was 13.7% in
the RA patients and 30.2% in the RITA patients
(P < .0001). Long-term Kaplan-Meier survival strongly
favored RA grafting in the unmatched patients as seen in
Figure 1, A (log-rank test, P < .0001). As outlined in
Table 1, better outcomes and fewer major complications
in the RA group likely reflected the significantly older
age, more extensive disease, and more co-morbidities in
the unmatched RITA patients.

RA use was a strong predictor of decreased MAEs
(OR, 0.49; 95% confidence interval [CI], 0.32-0.77;
P " .002) in all unmatched patients after adjustment using
the propensity-adjusted logistic model. In addition, after
adjustment using the PS-adjusted Cox regression model,
RA use was found not to be a predictor of mortality (hazard
ratio [HR], 0.87; 95% CI, 0.67-1.14; P " .322).

Propensity-Matched Patient Outcomes
Table 1 shows the matched RA and RITA data in 1056

patients. The 2 groups were well matched by age, sex,
vascular disease, diabetes, left ventricular function, extent
of disease, and completeness of revascularization. Cross-
clamp times were the same before and after matching.
Perfusion times were longer in the RITA group, reflecting
the additional time for use of the surgical microscope and
more sequential grafting.

Table 1 also shows the MAEs for the matched patients.
There was a trend toward more strokes and sternal
wound infections in the RITA patients and significantly
more respiratory failure (P " .003). All MAEs were fewer
in the RA group (7.6% vs 14.0%; P " .001). After
adjusting for multiple comparisons, rates of respiratory
failure (Sidak-adjusted P " .031) and overall MAEs

(Sidak-adjusted P " .023) remained significantly better
using the RA. Finally, logistic regression modeling showed
that use of a RA conduit was a significant predictor
of reduced MAEs (odds ratio [OR], 0.48; 95% CI,
0.30-0.77; P " .002).

Hospital and 30-day mortality was 0.6% for the RA and
1.7% for the RITA patients, which was not statistically
different (P" .082). There were an additional 87 late deaths
(16.6%) in the RA group and 110 late deaths (21.2%) in the
RITA group. After excluding early hospital deaths,
propensity-matched RA and RITA patients had similar
long-term Kaplan-Meier survival as seen in Figure 1, B.
Ten-year survival was 85% for RA and 80% for RITA
patients, which was not statistically significant (log-rank
test, P " .060). The corresponding 0- to 15-year mortality
rate was 20.8% higher for the RITA group. Combined early
and late all-cause mortality was 17% for RA and 22.5% for
RITA patients (P " .025).

FIGURE 1. A, Comparison of the unadjusted Kaplan-Meier estimated

survival for all RA and RITA patients (P < .0001, log-rank test).

B, Comparison of the Kaplan-Meier survival for propensity-matched RA

and RITA patients (P" .060, log-rank test).CABG, Coronary artery bypass

grafting; RA, radial artery; RITA, right internal thoracic artery.
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n Patência:

n RAD foi de 83.9% (276/329 anastomoses); 

ATID foi de 87.4% (160/183) (P=.155)

n ATIE (P<0.001); ATID (P<0.001); RAD 

(P<0.001) superiores à VS.

n A RAD foi um importante preditor na redução de MAEs em doentes diabéticos; obesidade; DPOC e 

com mais de 60 anos. 

n Sobrevida foi sobreponível entre os grupos.
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Right internal mammary artery versus radial artery as second arterial conduit in coronary artery 
bypass grafting: A case-control study of 1526 patients

G. Raja et al. International Journal of Surgery 16 (2015) 183e189

n Estudo retrospetivo com 1526 doentes (2001-2013).
n A RAD foi implantada em 779 doentes e a ATID em 747 doentes
n Impacto clínico a curto e longo prazo.

RA was 83.9% (276 of 329 anastomoses) and, for the RIMA, patency
was 87.4% (160 of 183 anastomoses).

The present study represents one of the largest series comparing
outcomes in patients undergoing multiple arterial grafting using
either the RIMA or the RA grafts. We found that the use of the RIMA
did not increase the incidence of postoperative complications
including deep SWI as reported by others [27]. On the other hand,
the use of the RIMA was associated with an improved long term
survival and reduced need for repeat revascularization. The survival
benefit was enhanced in high risk patients such as diabetics and
obese.

The present findings support the superiority of the RIMA graft
over the RA graft as second arterial conduit. Themain reason for the
long-term benefit of RIMA grafting has been attributed to its
reduced susceptibility to atherosclerosis than RA [29]. The lower
capacity of nitric oxide release contributes to the susceptibility of
the RA to atherosclerosis andmight therefore be responsible for the
inferior long-term graft patency [29]. Moreover, it can be specu-
lated that the vulnerability of the RA to atherosclerosis may be
enhanced in high risk patients such as diabetics or obese, thus
partially explaining the extra benefit from the RIMA observed in
such subgroups.

A recently published network meta-analysis comparing angio-
graphic patency of arterial conduits to identify the second best
arterial conduit reported that the RIMAwas associated with a non-
significant trend towards a decreased risk of functional and com-
plete graft occlusion when compared with the RA, and right gas-
troepiploic artery, thus achieving the highest probability to be the
best conduit (75%) in a rank probability analysis. Furthermore, the
RIMA was associated with a non-significant 27% absolute risk
reduction for late (!4 years) functional graft occlusion when
compared with the RA [30]. The findings of this network meta-
analysis could also be used to partially explain the findings of our
study.

Despite the well-recognized advantages of bilateral IMA graft-
ing, adoption rates of bilateral IMA usage are fairly low. In the USA,
bilateral IMAusage is only around 4% and in Europe 12% [20]. One of
the principle reasons for these low adoption rates is the common
perception that bilateral IMA usage is associated with an increased
rate of sternal dehiscence and wound infection [14]. Skeletoniza-
tion of the IMAs is a strategy claimed to lower the risk of DSWI in
patients undergoing bilateral IMA grafting [31]. In comparisonwith
the pedicle technique, the skeletonization technique preserves the
collateral circulation to the sternum and the drainage of internal

mammary veins. Thus, skeletonized bilateral IMA is confirmed to
carry a lower risk of sternal infection than pedicled bilateral IMA
[32]. However, in our experience the technique of IMA harvesting
did not impact the rate of SWI. For the 510 propensity matched
patients undergoing bilateral IMA grafting, 211 had skeletonized
while 299 had pedicled bilateral IMA. The rates of DSWI for the
two techniques of IMA harvesting were similar (6/211 and 8/299;
P " 0.78). We attribute these similar DSWI rates to an institutional
policy of strict perioperative glycaemic control, adherence to
meticulous closure technique and postoperative surgical wound
management [33].

The principal limitation of the present analysis is the inability to
address hidden biases due to unobserved or unrecorded differences
between treated and control patients before treatment. As a
consequence our results could reflect the effects of unknown or
unmeasured confounders. Also, there were many staff surgeons
operating at our institution during the time frame of the present
study, and surgeon performance may be an unexplained factor that
accounts for the observed results. Lastly, our analysis would have
been substantially enhanced if long-term graft patency compari-
sons were available. However, due to costs and reluctance of pa-
tients to undergo invasive as well as non-invasive investigations,
routine follow-up coronary angiography was not performed. The
need for coronary angiography was dictated by the occurrence of
angina, instability, or electrocardiogram changes in the periopera-
tive or late follow-up period. It is however, worth mentioning that
initially when RIMA and RA grafting were adopted in our institu-
tion early postoperative angiography to check the quality of the
grafts and anastomoses was undertaken [34,35].

In conclusion, RIMA as a second conduit did not increase the
operative risk including sternal wound complications and
improved long-term outcomes including overall survival when
compared to RA. This advantage was stronger among diabetic and
obese patients. These findings strongly support RIMA as the first
choice second arterial conduit in CABG. Further randomized studies
with angiographic control and long-term follow-up are needed to
address this issue.

Disclosures

All authors take responsibility for all aspects of the reliability
and freedom from bias of the data presented and their discussed
interpretation.

Fig. 3. KaplaneMeier analysis for overall survival in the matched sample. Fig. 4. KaplaneMeier analysis for repeat revascularisation free survival in the matched
sample.
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n Sem diferença entre os grupos na incidência de deiscência da ferida, fibrilhação auricular, reintubação, 
revisão da hemostase, I.Renal e AVC.

n A ATID esteve associado a um aumento da sobrevida quando comparada a RAD. Esta vantagem foi 
superior nos doentes diabéticos e obesos.

n A necessidade de reintervenção foi superior no grupo RAD (P= 0.044).
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Angiographic outcomes of right internal thoracic artery grafts in situ or as free grafts in coronary 
artery bypass grafting

Fukui et al. J Thorac Cardiovasc Surg 2010;139:868-73

n Estudo retrospetivo com 705 doentes com dupla mamária para avaliação da patência ao 1 ano. 
n  547 doentes com ATID in situ e 158 como enxerto livre.

Continuous variables were compared with the Student t test, whereas dis-

crete variables were compared with the c2 test or Fisher exact test.

RESULTS
Clinical Outcomes

Preoperative characteristics of both groups are shown in
Table 1. Mean body surface area was significantly larger
in the in situ right ITA group than in the free right ITA group
(P ! .0119). The mean number of diseased vessels was sig-
nificantly larger in the free right ITA group than in the in situ
right ITA group (P ! .0118). Preoperative creatinine levels
were significantly higher in the free right ITA group than in
the in situ right ITA group (P ! .0299). The free right ITA
group contained a significantly larger number of patients
with histories of congestive heart failure and diabetes melli-
tus than did the in situ right ITA group (P ! .0299 and
P ! .0109, respectively). More patients in the in situ right
ITA group underwent emergency or urgent operations than
in the free right ITA group (P ! .0003).

Operative and postoperative variables are listed in Table 3.
There was no significant difference in the mean number
of distal anastomoses per patient between the groups (P !
.9290). The number of distal anastomoses of the right
ITA, however, was higher in the free ITA group than in
the in situ ITA group (P< .0001).

Long segmental reconstruction of the LAD was carried
out with the left ITA in 288 patients (40.9%). The operative
time in the free right ITA group was significantly longer than
that in the in situ right ITA group (P! .0007). The operative
mortality was not significantly different between the groups
(P ! 0.6569). The incidence of postoperative complications
was also not significantly different between the groups.

During the follow-up period, among the 705 patients there
were 10 patients with recurrent angina, 12 with congestive
heart failure, and 1 with stroke.

Angiographic Outcomes
The follow-up angiographic studies included patients

without symptoms (n ! 326) and those with symptoms
(n! 10). Among the 10 patients with symptoms, percutane-
ous coronary intervention was performed in 5 cases. Of these

5 patients, 2 patients needed percutaneous coronary inter-
vention for new coronary lesions. The other 3 patients
needed percutaneous coronary intervention for stenosis of
the gastroepiploic artery graft. Five patients who did not
undergo percutaneous coronary intervention had stenosis
of small native coronary arteries that were not an indication
for intervention. None of these 10 patients were found to
have a lesion related to the right ITA graft.

The overall patency rates of the right ITA were 98.8% at
early angiography and 94.3% at 1-year angiography. The
patency rates of the left ITA were 99.1% in the early study
and 97.0% in the 1-year study. There were no significant dif-
ferences in the early (P! .7732) and 1-year (P! .1288) pa-
tency rates between the left and right ITAs. Patency rates
of various configurations of the right ITA at both early and
1-year angiographic studies are listed in Table 4.

In early examinations, there was no significant difference
in the patency rate between in situ and free right ITAs (p>
.9999). In the in situ right ITA group, the patency rate of the
right ITA graft when used as an inflow to other grafts was
significantly lower than when used as a direct graft to coro-
nary arteries (P! .0149). In the free right ITA group, the site
of proximal anastomoses (composite or aorta) did not affect
the patency rate (P> .9999). In 1-year examinations, there
was also no significant difference in the patency rate be-
tween in situ and free right ITAs (P ! .1792). In the in
situ right ITA group, the patency rate of the right ITA anas-
tomosed to the anterior territory was superior to that of other
grafting methods (P<.0001). In the free group, there was no
significant difference in the patency rate between sites of
proximal anastomoses (P> .9999).

When we compared the patency rates between the ante-
rior and posterior routes in patients with in situ right ITA,
there was no difference in early patency rate between these
configurations (P ! .2735). The 1-year patency rate of the
anterior route, however, was superior to that of the poste-
rior route (P ! .0042).

Nonpatent right ITA grafts at any time are listed in Table 5.
Among 21 nonpatent grafts, 16 grafts (76.1%) were anasto-
mosed to the coronary artery with low stenosis rate
(50%"75%).

TABLE 2. Strategy for using either in situ or free right internal thoracic artery graft

Target Reasons No.

In situ 547

Left anterior descending artery Unstable left main or bifurcation disease 124

Diagonal branch Larger than other lateral vessels; inflow

of radial artery graft as Y graft

262

Circumflex artery Single major lateral vessel 128

Inflow for another graft Diseased aorta 33

Free 158

Diagonal branch Multiple grafting 26

Circumflex artery Multiple grafting 132
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We also analyzed the subgroup of 312 patients (44.3%)
who underwent both early and 1-year angiographic studies.
In this subgroup of patients, there were no significant differ-
ences in the patency rate at early (P > .9999) and 1-year
(P ! .0711) angiography between in situ and free right ITA
groups. Among patients with in situ right ITA grafts (n !
257), 4 patients had nonpatent right ITA in the early study
and 10 patients had nonpatent right ITA in the 1-year study.
Six patients had newly developed nonpatency of right ITA
graft at the 1-year study. Four of these 6 patients had a
low stenosis rate (50%"75%) in the target coronary artery.

On the other hand, among patients with a free right ITA
(n! 55), there was 1 patient whose right ITA was not patent
in the early study and 6 patients whose right ITAs were not
patent in the 1-year study. Five patients had newly devel-
oped nonpatent free right ITA grafts at the 1-year study.
These 5 patients had a low stenosis rate (50%"75%) of
the target coronary artery.

DISCUSSION
The right ITA is frequently used as a second or third arte-

rial graft, as well as the radial artery or gastroepiploic artery.9

Because the right ITA is anatomically the same as the left
ITA, a longer patency duration would be expected than
with other arterial grafts. Because the length of the right
ITA when it is used as an in situ graft is sometimes not suf-
ficient for revascularization for lateral vessels, however, sev-
eral configurations have been proposed,10 such as an in situ
graft to the LAD and a free graft with proximal anastomoses
to the aorta or an in situ left ITA. Although there have
been many reports describing the feasibility and efficacy of
each technique, little has been reported about angiographic
patency rates comparing several configurations simulta-
neously. This study demonstrated that clinical and angio-
graphic outcomes were not significantly different between
in situ and free right ITA grafts at early and 1-year follow-
up. Additionally, in situ right ITA grafting to the LAD sys-
tem had a superior patency rate to other types of right ITA
grafting at early and 1-year angiography.

When the right ITA is used as an in situ graft, it can be use-
ful for revascularization of anterior or lateral vessel for sin-
gle anastomosis. When the in situ right ITA is anastomosed
to the LAD or diagonal branch, it is directed anterior to the
aorta.11 In such cases, the right ITA should be wrapped in
thymic tissue and covered with mediastinal fat to prevent in-
jury at reopening.12 We used an in situ right ITA for revas-
cularization of the anterior territory in 70.7% of patients. An
in situ right ITA has sufficient length to reach anterior ves-
sels in almost all patients. It is useful for unstable left
main and bifurcation disease when combined with the use
of an in situ left ITA for lateral vessels. When the right
ITA is anastomosed to the circumflex artery territory, it is
passed through the transverse sinus.13 In such cases, care
should be taken not to twist the graft. We used an in situ right
ITA for lateral territory in 23.2% of patients. It is useful for
revascularization of single major lateral vessel when it is
long enough. In this study, the patency rate at 1-year

TABLE 3. Operative and postoperative data of patients with right internal thoracic artery as in situ or free graft

All (n ! 705) In situ (n ! 547) Free (n ! 158) P value

Anastomoses per patient (mean # SD) 4.2 # 1.2 4.2 # 1.2 4.2 # 1.1 .9290

Anastomoses of right internal thoracic artery per patient (mean # SD) 1.1 # 0.5 1.0 # 0.3 1.7 # 0.7 <.0001

Grafts per patient (mean # SD) 3.3 # 0.6 3.1 # 0.5 <.0001

Long segment reconstruction of left anterior descending artery (no.) 288 (40.9%) 218 (39.9%) 70 (44.3%) .3625

Operative time (min, mean # SD) 282.3 # 59.1 278.3 # 57.9 296.3 # 61.2 .0007

Transfusion (no.) 257 (36.5%) 192 (35.1%) 65 (41.1%) .1952

Intubation (h, mean # SD) 10.1 # 16.2 10.4 # 17.3 9.0 # 11.1 .3359

Intensive care unit stay (d, mean # SD) 2.0 # 8.2 2.1 # 9.2 1.7 # 1.6 .5414

Operative death (within 30 d, no.) 7 (1.0%) 5 (0.9%) 2 (1.3%) .6569

Reexploration for bleeding (no.) 6 (0.9%) 4 (0.7%) 2 (1.3%) .6208

Low output syndrome (no.) 12 (1.7%) 10 (1.8%) 2 (1.3%) >.9999

Perioperative myocardial infarction (no.) 12 (1.7%) 9 (1.6%) 3 (1.9%) .7366

Severe ventricular arrhythmia (no.) 5 (0.7%) 2 (0.4%) 3 (1.9%) .0774

Atrial fibrillation (no.) 186 (26.4%) 147 (26.9%) 39 (24.7%) .6542

Hemodialysis required (no.) 14 (2.0%) 10 (1.8%) 4 (2.5%) .5282

Stroke (no.) 8 (1.1%) 6 (1.1%) 2 (1.3%) >.9999

Mediastinitis (no.) 12 (1.7%) 7 (1.3%) 5 (3.2%) .1534

TABLE 4. Cumulative angiographic patency rates of in situ and free

right internal thoracic artery grafts

Early (n ! 579) 1 y (n ! 336)

Total 98.8% (572/579) 94.3% (317/336)

In situ 98.6% (438/444) 95.3% (264/277)

Anterior 99.4 % (307/309) 98.5% (197/200)

Lateral 98.1% (105/107) 89.3% (50/56)

Inflow 92.9% (26/28) 81.0% (17/21)

Free 99.3% (134/135) 89.8% (53/59)

Composite graft 99.1% (105/106) 89.8% (44/49)

Aorta 100% (29/29) 90% (9/10)

All figures represent percentages of patent grafts, with numbers of patent grafts and

total grafts given in parentheses.
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n Aos  10 anos, a patência da ATID e ATIE foram sobreponíveis, 
tanto para o território da DA (95% vs 96% respetivamente) 
como da Cx (91% vs 89% respetivamente).
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The Right Internal Thoracic Artery: The Forgotten Conduit - 5,766 Patients and 991 Angiograms

Tatoulis et al. Ann Thorac Surg 2011;92:9–17

n Entre 1986 e 2008, 991 doentes com ATID realizam angiografia por sintomas. 

n Tempo médio foi de 100+/- 60 meses.

n ATID in situ foi utilizada em 450 doentes e 551 como enxerto livre. 

not seen elsewhere in the RITA. Second, String signs
occurred where a large artery with only a modest (!60%)
stenosis was grafted. Third, total occlusions also occurred
in this setting.

All patent RITAs had smooth endoluminal surfaces
(Fig 6A, B). Occasionally, there was progression of ather-
oma distal to the RITA–coronary anastomosis, where the
lumen had been normal initially, particularly in the RCA
near the crux (Fig 6C).

Long-Term Patency Comparison Among Commonly
Used Conduits
Kaplan-Meier estimates of conduit patency at 15 years
were 91.1% for the LITA, 79% for the RITA, and 50.7% for
SVG. For RA, 15-year data are not available; 10-year
patency was 78% (Fig 7).

Comment

The LITA is universally accepted as the best conduit and
is used in over 90% of CABG [3, 4, 7, 8]. However, this is
not the case for the right ITA. The RITA use is only 4% in
the US and less than 10% in Europe [2, 9].

The benefits of BITA in CABG have been well docu-
mented [10–15]. However, the RITA has been neglected
by the majority of cardiac surgeons and institutions. In a

recent report from the STS Database, 85 of 745 contrib-
uting institutions never used the RITA, and 407 used it in
less than 2% of revascularizations [2]. Hence, for routine
CABG the overwhelming majority (60% to 75%) of con-
duits used worldwide are SVGs [2, 9], which are subject
to midterm fibromuscular and late atheromatous occlu-
sive changes [3, 4, 6].

Reasons for not using the RITA may include additional
time to harvest, concerns over deep sternal wound infec-
tion, myocardial hypoperfusion, unfamiliarity, lack of
randomized trials, and insufficient patency data. The
perioperative results of CABG with BITA, including this
report, are similar to those where the LITA only (with
SVG) is used [7, 8, 13]. The long-term survival is also in
keeping with other reports for BITA [5, 10–16].

RITA Patency
The RITA patency of almost 90% in symptomatic
patients at ten years, and 79% at 15 years, is consistent
with patency results published by others [17, 18], is
superior to patencies of SVG, and probably better than
for RA, though RA patency data are limited [6]. Typical

Fig 5. (A) Patency of right and left internal thoracic artery
([R]LITA) grafts to the left anterior descending (LAD), over time by
the Kaplan-Meier method (! " LITA-LAD, n "1965; ! " RITA-
LAD, n " 149.) (B) Patency of right, and left internal thoracic ar-
tery grafts to the circumflex (Cx) marginals, over time by the Ka-
plan-Meier method. (! " LITA-Cx, n " 292; ! " RITA-Cx, n "
436.)

Table 3. Right Internal Thoracic Artery Patency By Native
Coronary Artery Stenosis (NCAS); Mean Interval 100
Months Postoperative

NCASa Patency %

! 60% 68/92 73.9%
60–79% 247/276 89.5%
80– 99% 396/428 92.5%
100 % 138/149 92.6%

a Information on NCAS not available for 46 grafts.

p " 0.02 for NCAS ! 60% vs 60%–79% or more stenosed.

p " 0.75 for comparison NCAS 60%–79% vs 80%–99%.

Fig 4. Patency of free and in situ right internal thoracic (RITA) ar-
tery grafts over time by the Kaplan-Meier method. (Œ" free RITA,
n " 541; ! " In situ RITA, n " 450.)

12 CHAMBERLAIN MEMORIAL PAPER TATOULIS ET AL Ann Thorac Surg
RIGHT INTERNAL THORACIC ARTERY PATENCY 2011;92:9–17A
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n Circunflexa: ATID in situ foi de 86.8% (66/76) vs 93.8% 
(259/276; p=0.45) enxerto livre.

n Descendente Posterior: ATID in situ foi de 85.2% (46/54) vs 
89.1% (131/147; p=0.67) enxerto livre.

n Coronária Direita: ATID in situ foi de 73.8% (104/141) vs 93.1% 
(54/58; p=0.02) enxerto livre.

n A ATID teve maior patência que a RAD (p < 0.01) e que a VS (p < 0.001). 

n A patência diminui com estenoses do vaso nativo inferior a 60%.

n Assim, a oclusão da ATID deveu-se a complicações técnicas ou fluxo competitivo importante.
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Multiple Arterial Grafts Improve Late Survival of Patients Undergoing Coronary Artery Bypass Graft 
Surgery. Analysis of 8622 Patients With Multivessel Disease

Locker et al. Circulation. 2012;126:1023-1030

 Estudo retrospetivo de 8622 doentes (1993-2009) 
Grupo 1- LIMA/SV (n= 7435); Grupo 2 - MultiART(n= 1187) 

primary coronary revascularization either with LIMA and additional
SVGs, the LIMA/SV group (n!7435), or with MultArt grafts with or
without the addition of SVGs, the MultArt group (n!1187). Our
strategies for MultArt revascularization included 5 subgroups as
follows: BIMA/SV (n!589) with the use of BIMA and additional
SVGs, BIMA only (n!271), BIMA/RA (n!147), LIMA/RA
(n!169), and BIMA/RA/SV (n!8; Figure 1). There were 2 addi-
tional cases with the use of RIMA/RA and 1 case with the use of
BIMA/gastroepiploic artery.

Excluded from the review were 8334 patients undergoing con-
comitant cardiac surgical procedures or repeat coronary bypass
surgery and those with congenital coronary anomalies or single-
vessel disease.

Surgical Procedures
Indications for myocardial revascularization were based on the
standard clinical and angiographic criteria. All patients were oper-
ated on through a median sternotomy. IMAs were dissected either
with electrocautery as a pedicled graft or, more frequently since

2004, with scissors and clips without cauterization as skeletonized
conduits. RA was harvested with the use of a harmonic scalpel or
electrocautery.

IMAs and RAs were prepared with diluted solution of papaverine
applied only topically. Most of the operations were performed with
standard cardiopulmonary bypass and few ("4%) with off-pump
coronary artery bypass. Myocardial preservation during cardiopul-
monary bypass involved intermittent, antegrade, or retrograde crys-
talloid or blood cardioplegia (28°C–32°C).

In patients receiving a single arterial graft, the LIMA was grafted
almost exclusively to the LAD, and SVGs were grafted to the
non-LAD vessels. In patients receiving MultArt grafts, the LIMA
was also preferentially grafted to the LAD, although in some surgical
strategies, it was used as an in situ graft to the marginal branch of the
left circumflex coronary artery with the combined use of in situ
RIMA to the LAD. The RIMA was grafted preferentially as an in situ
graft through the transverse sinus to the first marginal branch of the
left circumflex coronary artery, as a free graft in a composite-T
configuration from the side of the LIMA, or less frequently as free

Table 1. Patient Characteristics*

Unmatched Groups Propensity Score–Matched Groups

Variable
LIMA/SV

(n!7435)
MultArt

(n!1187) P
LIMA/SV

(n!1153)
MultArt

(n!1153) P

Age, y 68#9 58#9 "0.001 59#10 59#9 0.77

Female sex, % 24.8 (23.8–35.7) 15.1 (13.0–17.1) "0.001 16.2 (14.1–18.4) 15.2 (13.1–17.3) 0.49

BSA, m2 2.02#0.23 2.06#0.22 "0.001 2.05#0.23 2.05#0.22 0.46

EF, % 55#14 57#11 "0.001 58#13 58#11 0.77

Hypertension, % 76.6 (75.7–77.6) 66.6 (64.0–69.3) "0.001 68.7 (66.0–71.4) 67.1 (64.4–69.8) 0.42

Diabetes mellitus, % 33.5 (32.4–34.5) 18.1 (15.9–20.3) "0.001 19.2 (16.9–21.4) 18.5 (16.2–20.7) 0.67

Chronic lung disease, % 11.7 (10.9–12.4) 7.0 (5.5–8.4) "0.001 7.5 (5.9–9.0) 7.0 (5.6–8.5) 0.68

Renal failure, % 5.4 (4.9–5.9) 1.9 (1.2–2.3) "0.001 1.9 (1.1–2.7) 2.0 (1.1–2.8) 0.88

PVD, % 21.5 (20.6–22.4) 13.2 (11.3–15.2) "0.001 14.8 (12.8–16.9) 13.5 (11.6–15.5) 0.37

S/P MI, % 47.1 (45.9–48.1) 36.5 (33.7–39.1) "0.001 38.1 (35.3–45.9) 36.8 (34.0–39.6) 0.52

S/P CVA, % 7.1 (6.5–7.7) 4.0 (2.9–5.2) "0.001 4.5 (3.3–5.7) 4.1 (2.9–5.2) 0.60

LIMA indicates left internal mammary artery; SV, saphenous vein; MultArt, multiple arterial grafting; BSA, body surface area; EF, ejection fraction; PVD, peripheral
vascular disease; S/P MI, status post myocardial infarction; and S/P CVA, status post cerebral vascular accident.

*Continuous variables are expressed as mean#SD; categorical variables, as percent (95% confidence interval).

Figure 1. The 5 main surgical techniques
for multiple arterial grafting (MultArt)
grafting: (1) bilateral internal mammary
artery (BIMA)/saphenous vein (SV), in
situ left internal mammary artery (LIMA)
to left anterior descending (LAD), in situ
right internal mammary artery (RIMA)
through the transverse sinus to the cir-
cumflex (Cx) marginal, and SV graft
(SVG) to posterior descending artery
(PDA; n!589 patients); (2) BIMA,
composite-T grafting, LIMA to the LAD,
and free RIMA to the Cx-marginals and
PDA (n!271); (3) LIMA/RA, LIMA to LAD,
and free radial artery (RA) to the
Cx-marginals and PDA (n!169); (4)
BIMA/RA, in situ LIMA to Cx-marginal, in
situ RIMA to LAD, and free RA to PDA
(n!147); and (5) BIMA/RA/SV, LIMA to
LAD, RIMA to Cx-marginal, RA to
Cx-marginal, and SVG to PDA (n!8).
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graft from the aorta to the left circumflex coronary artery and/or right
coronary artery branches. The RA was used as a free graft in a
composite-T configuration from the side of the LIMA or as a free
graft from the aorta to the left circumflex coronary artery and/or to
the right coronary artery branches. SVGs were also used in the
MultArt subgroups preferentially to the right coronary system and
less frequently to the left circumflex coronary artery branches or
diagonal or intermediate coronary vessels. Overall, 41% of RA grafts
and 30% of RIMA grafts were anastomosed to the right coronary
artery territory in the MultArt group, and 20% of cases in MultArt
group were grafted with 1 artery to the LAD and a second artery to
the right coronary artery territory with no additional arterial grafting
to the left coronary system.

Definition of Terms and Data Collection
With approval of the Mayo Clinic Institutional Review Board and
after patient consent was obtained, data were collected retrospec-
tively by conducting a review of our computerized cardiac surgery
database. We also reviewed clinical charts for additional information
on patient characteristics, operative variables, and early and late
mortality. Patient data were analyzed according to the Society of
Thoracic Surgeons National Cardiac Surgery Database guidelines
and definitions. Operative mortality was defined as all deaths
occurring during the hospitalization in which the operation was
performed, even if after 30 days, and those deaths occurring after
dismissal from the hospital but within 30 days of the procedure
unless the cause of death is clearly unrelated to the operation. Late
death was defined as any death that is not operative mortality.

Follow-up was obtained by the clinical chart review, question-
naires mailed to the patients at regular intervals, and the Social
Security Death Index.

Statistical Analysis
Descriptive statistics for categorical variables are reported as fre-
quency and percentage; continuous variables are reported as mean
(SD). Categorical baseline variables were compared between Mul-
tArt and LIMA/SV patients by use of the !2 test, and continuous
baseline variables were compared by use of the 2-sample t test or
Wilcoxon rank-sum test as appropriate.

Logistic regression models were used to find univariate and
multivariate predictors of operative mortality. The Kaplan–Meier
method was used to draw survival curves and to calculate 5-, 10-, and
15-year survival statistics. Cox regression models were used to find
the univariate and multivariate predictors of late survival and overall
survival. The multivariable model considered all univariate signifi-
cant variables (P!0.05) with model selection using the stepwise
method (backward and forward methods resulted in the same model).
To further confirm the results from multivariate modeling method, a
propensity score was calculated on the basis of all the baseline

variables for each patient, and 2 groups with matched propensity
scores were selected. Late survival was then compared between the
matched groups by use of Kaplan–Meier estimates and curves.

All statistical tests were 2 sided with the " level set at 0.05 for
statistical significance.

Results
Among patients without operative deaths (n"8458),
follow-up ranged from 3 days to 18.3 years, with a mean of
7.6 years (SD"4.6) and median of 7.3 years. Among them,
7951 patients (94%) had follow-up beyond 30 days. The
clinical characteristics of the patients with MultArt grafts and
those with LIMA/SV grafts are shown in Table 1. There were
significant differences between the 2 unmatched groups.
Patients in the MultArt group were younger; had less im-
paired left ventricular function and lower proportion of
female sex; and less frequently had hypertension, diabetes
mellitus, chronic lung disease, peripheral vascular disease,
previous myocardial infarction, and previous cerebral vascu-
lar accident. MultArt patients were more likely to have
2-vessel disease with 2 distal anastomoses. The proportions
of patients with clinically important stenosis in the left main
coronary artery, those with urgent/emergent surgical priority,

Figure 2. Kaplan–Meier curve for late survival for multiple arteri-
al grafting (MultArt) vs left internal mammary artery (LIMA)/sa-
phenous vein (SV), unmatched groups: MultArt (dashed line) vs
LIMA/SV (solid line); hazard ratio, 0.33; 95% confidence interval,
0.28 to 0.39; P!0.001.

Table 2. Operative Variables

Unmatched Groups, %
(95% Confidence Interval)

Propensity Score–Matched Groups, %
(95% Confidence Interval)

Variable
LIMA/SV

(n"7435)
MultArt

(n"1187) P
LIMA/SV

(n"1153)
MultArt

(n"1153) P

OPCAB 4.4 (4.0–4.9) 3.3 (2.3–4.3) 0.07 3.6 (2.6–4.7) 3.3 (2.3–4.3) 0.65

Urgent/emergent 26.0 (24.3–26.2) 25.0 (22.0–26.9) 0.55 26.2 (23.7–28.7) 24.3 (21.86–26.8) 0.29

LM disease #50% 33.4 (32.3–34.4) 34.0 (30.8–36.2) 0.84 33.6 (30.8–36.3) 33.1 (30.8–36.3) 0.82

2-VSD 17.3 (16.4–18.1) 26.3 (23.8–28.8) !0.001 25.3 (22.8–27.8) 26.0 (23.5–28.6) 0.71

3-VSD 83.0 (81.9–83.6) 74.0 (71.2–76.2) !0.001 74.7 (72.2–77.2) 74.0 (71.5–76.5) 0.70

2 Distals 15.5 (14.6–16.3) 21.0 (18.5–23.1) 0.003 21.2 (18.8–23.5) 20.5 (18.1–22.8) 0.68

3 Distals 49.3 (48.1–50.4) 44.6 (41.7–47.4) !0.001 45.4 (42.6–48.3) 44.7 (41.8–47.5) 0.71

#4 Distals 35.3 (34.2–36.4) 34.6 (31.9–37.3) 0.65 33.4 (30.7–36.1) 35.0 (32.1–37.6) 0.45

LIMA indicates left internal mammary artery; SV, saphenous vein; MultArt, multiple arterial grafting; OPCAB, off-pump coronary artery bypass; Urgent/Emergent,
surgical priority; LM, left main; VSD, vessel disease; and Distals, distal anastomoses.
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Bilateral Internal Thoracic Artery Grafting Is Associated With Significantly Improved Long-Term 
Survival, Even Among Diabetic Patients

Puskas et al. Ann Thorac Surg 2012;94:710–6

 Estudo retrospetivo de 3527 doentes (2002-2010) 
 812 ATIE+ATID; 2,715 ATIE+VS

obese, and whose glycosylated hemoglobin level is less
than 7% [14]. Skeletonized harvest of BITA conduits is
preferred, especially in diabetic patients.

In the present study, diabetics constituted approxi-
mately 29% of the cohort that received BITA compared
with approximately 45% for the cohort in whom a SITA
was used. This ratio is similar to other reports [15]. After
rigorous statistical adjustment for other risk factors, we
found that the use of BITA provided a statistically signif-
icant overall survival advantage at 8 years compared with
the use of SITA alone, not only in the nondiabetic
population but also in patients with diabetes.

Most previous studies have demonstrated poorer out-
comes with BITA in the diabetic population. Pick and
colleagues [16] showed that diabetes mellitus was an
independent risk factor for late cardiac death and lower
overall survival. Early studies from our center also
showed that in patients receiving BITA, the presence of
diabetes mellitus was associated with significantly lower
survival compared with those without [17]. After a 3-year
follow-up and evaluation of patients receiving BITA,
Matsa and colleagues [18] found that all-cause mortality
tended to be higher in diabetic patients than in nondia-
betic patients. Another study in Japan reported that a
second ITA graft in diabetic patients was not associated
with improved survival, unlike the benefit conferred by
BITA use in nondiabetic patients [19].

However, a few recent reports have shown better
outcomes with BITA use in diabetic patients at early
follow-up [20, 21], although superficial and deep wound
infection remained a concern [22, 23]. Recent data have
shown that the incidence of superficial or deep wound
infection after BITA use is approximately 2% to 3%, and
is not different from that in patients who receive routine
isolated CABG with SITA grafting [15]. Furthermore, this
study of BITA grafting after skeletonized ITA harvest
found no statistically significant difference in the inci-
dence of DSWI when diabetic and nondiabetic patients
were compared [15]. Matsa and colleagues [18] found a

10-fold increase in DSWI when BITA were used in obese,
diabetic women and advocated against the use of BITA in
this cohort. The technique of BITA harvesting made a
difference only in diabetic patients, when use of a pedi-
cled ITA harvest significantly increased the incidence of
DSWI compared with the use of a skeletonized technique
for harvesting [22].

In the present study, the incidence of DSWI with BITA
was low, with no difference between BITA and SITA groups
in the diabetic or the nondiabetic cohorts. Moreover, the
overall hospital mortality rate associated with BITA was
significantly lower than with SITA, whereas diabetic pa-
tients showed no difference. BITA use was associated with
significantly better outcomes in both diabetic and nondia-
betic patients, taking need for prolonged ventilation, blood
product requirement, and hospital or intensive care unit
length of stay into consideration.

Although there was a statistical difference favoring
BITA in nondiabetic patients for perioperative stroke,
myocardial infraction, or MACE, this result did not hold
up to multivariable adjustment, indicating better base-
line health of BITA patients. The diabetic population
showed no difference in these outcomes with BITA or
SITA use. Though the use of BITA in diabetic patients
was thought to be associated with higher stroke risk [18],
we believe that it enables the surgeon to exercise the
“no-touch off pump” option, thus minimizing perioper-
ative stroke risk.

Preoperative selection bias remains a confounding
factor in the interpretation of results associated with
BITA use, especially in diabetic patients, and has limited
the adoption of a second ITA in the past. The present
study calculated adjusted odds ratios using propensity
scoring and a saturated logistic regression model to
rigorously adjust for selection bias. We found that hos-
pital outcomes were equivalent in the BITA group when
mortality, stroke rate, MACE, risk of renal failure, or need
for blood products were compared between BITA and
SITA groups. Only the risk of DSWI was higher in the
BITA group, although this was not statistically signifi-
cant. We believe that avoiding the use of a second ITA in
diabetic, morbidly obese women with preoperative gly-
cosylated hemoglobin levels greater than 7.5% may help
decrease the incidence of DSWI [14].

The only randomized study comparing the outcomes
of SITA vs BITA, the Arterial Revascularization Trial
(ART), with a primary outcome of survival at 10 years, is
currently in progress in Europe, and results should be
available by 2018 [7]. Preliminary published data from
ART showed no difference in 30-day or 1-year mortality
rates between BITA and SITA groups. There was also no
difference in the rates of stroke, myocardial infarction,
and repeat revascularization at 1 year. A small, but
absolute increase of 1.3% was noted in the need for
sternal reconstruction in patients undergoing BITA. Di-
abetic patients constituted approximately 24% of en-
rolled patients, and the 1-year results were not analyzed
separately within this patient subset.

The recent 2011 report of the American College of
Cardiology Foundation/American Heart Association

Fig 1. Kaplan-Meier survival estimates for 9 years of follow-up
among subgroups show a survival benefit with bilateral internal tho-
racic artery (BITA) grafting in diabetic and nondiabetic patients
compared with single internal thoracic artery (SITA) grafting.
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n Duas artérias torácicas demonstram vantagem na sobrevida aos 8 anos.
n Vantagem manteve-se no doentes com DM. 

n Deiscência da ferida foi mais comum em diabéticos (1.5% vs 0.7%).
n Mas sobreponível nos dois grupos (1.2% dupla mamária vs 1.0% uma mámaria).
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Impact of Patient and Target-Vessel Characteristics on Arterial and Venous Bypass Graft Patency 
Insight From a Randomized Trial

Desai et al. Circulation. 2007;115:684-691

Multi-Centre Radial Artery Patency Study
Revascularizadas lesões >70% e diâmetro > 1.5mm (Cx e CD)

Angiografia a 440 condutos com RA e 440 condutos com SV (1 ano)

12.0% and 23.3%, respectively (P!0.02). Predicted radial artery
patency was 94.0% in men and 97.0% in women. Predicted vein
graft patency was 89.0% in men and 73.3% in women. The
differential impact of gender on vein and radial graft patency is
summarized by Figures 1 and 2.

Discussion
This clinical trial was designed to compare the patency of the
radial artery and the saphenous vein as a coronary bypass graft
at 1 year. To date, this is the largest prospective randomized
study with angiographic follow-up comparing patency of any
arterial conduit to a saphenous vein when used to bypass
non–left anterior descending artery targets. The overall patency
was superior for the radial artery, and we have now identified
risk factors that may guide selection of patients and target
vessels for both saphenous vein and radial artery grafts to
improve patency in patients who will undergo coronary bypass
with a left internal thoracic artery graft to the anterior circulation.

Overall predictors of bypass graft occlusion to non–left
anterior descending artery targets included use of a radial artery
graft (protective), grafting to a target vessel with more severe
proximal stenosis (protective), size of distal target vessel (small
size is detrimental), gender (vein graft patency was poorer in
women), diabetes (detrimental), and a history of peripheral
vascular disease (detrimental in radial artery grafts). Previous
studies have shown that patient and target-vessel risk factors of
arterial and vein graft patency may be different as a result of the
inherent differences in the vascular biology of these conduits.
We explored the relative effect of several risk factors stratified

by graft type and determined that 2 variables, female gender and
history of peripheral vascular disease, had differential effects on
graft patency that depended on the conduit used (saphenous vein
or radial artery). Target-vessel characteristics, which included
severity of proximal stenosis and target-vessel size, affected
saphenous vein graft and radial artery patency. Indeed, the
directional effect of smaller target-vessel diameter was to de-
crease graft patency in both radial artery and vein grafts. The
magnitude of this effect appeared to be more prominent for vein
grafts. Similarly, less severe proximal stenosis was associated
with diminished patency in both types of grafts, with a more
prominent effect seen in radial arteries.

Role of Target-Vessel Characteristics
Target-Vessel Location
Because the unit of randomization was the target-vessel location
within the patient, the study was uniquely designed to determine
the role of target-vessel location on arterial and vein graft
patency. In our multivariate model, there was no difference in
patency of either graft type when used to bypass the right
coronary or left circumflex systems. Several angiographic trials
have previously documented that although vein graft patency is
superior when revascularizing the non–left anterior descending
artery, there is no difference in vein graft patency between right
coronary and left circumflex targets.8 Target location appears to
have a consistent association with right internal thoracic artery
(RITA) graft patency, with poorer patency seen in RITA grafts
to the right coronary system.9 Our study and others suggest that
such a relationship does not exist with radial arteries, even when
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12.0% and 23.3%, respectively (P!0.02). Predicted radial artery
patency was 94.0% in men and 97.0% in women. Predicted vein
graft patency was 89.0% in men and 73.3% in women. The
differential impact of gender on vein and radial graft patency is
summarized by Figures 1 and 2.

Discussion
This clinical trial was designed to compare the patency of the
radial artery and the saphenous vein as a coronary bypass graft
at 1 year. To date, this is the largest prospective randomized
study with angiographic follow-up comparing patency of any
arterial conduit to a saphenous vein when used to bypass
non–left anterior descending artery targets. The overall patency
was superior for the radial artery, and we have now identified
risk factors that may guide selection of patients and target
vessels for both saphenous vein and radial artery grafts to
improve patency in patients who will undergo coronary bypass
with a left internal thoracic artery graft to the anterior circulation.

Overall predictors of bypass graft occlusion to non–left
anterior descending artery targets included use of a radial artery
graft (protective), grafting to a target vessel with more severe
proximal stenosis (protective), size of distal target vessel (small
size is detrimental), gender (vein graft patency was poorer in
women), diabetes (detrimental), and a history of peripheral
vascular disease (detrimental in radial artery grafts). Previous
studies have shown that patient and target-vessel risk factors of
arterial and vein graft patency may be different as a result of the
inherent differences in the vascular biology of these conduits.
We explored the relative effect of several risk factors stratified

by graft type and determined that 2 variables, female gender and
history of peripheral vascular disease, had differential effects on
graft patency that depended on the conduit used (saphenous vein
or radial artery). Target-vessel characteristics, which included
severity of proximal stenosis and target-vessel size, affected
saphenous vein graft and radial artery patency. Indeed, the
directional effect of smaller target-vessel diameter was to de-
crease graft patency in both radial artery and vein grafts. The
magnitude of this effect appeared to be more prominent for vein
grafts. Similarly, less severe proximal stenosis was associated
with diminished patency in both types of grafts, with a more
prominent effect seen in radial arteries.

Role of Target-Vessel Characteristics
Target-Vessel Location
Because the unit of randomization was the target-vessel location
within the patient, the study was uniquely designed to determine
the role of target-vessel location on arterial and vein graft
patency. In our multivariate model, there was no difference in
patency of either graft type when used to bypass the right
coronary or left circumflex systems. Several angiographic trials
have previously documented that although vein graft patency is
superior when revascularizing the non–left anterior descending
artery, there is no difference in vein graft patency between right
coronary and left circumflex targets.8 Target location appears to
have a consistent association with right internal thoracic artery
(RITA) graft patency, with poorer patency seen in RITA grafts
to the right coronary system.9 Our study and others suggest that
such a relationship does not exist with radial arteries, even when
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n Diminuição da patência este associado a:
n vaso alvo muito fino - mismatch/ run-off insuficiente. (VS)
n Lesões inferiores a 90% - fluxo competitivo e consequente vasoespasmo. (RAD)
n Diabetes Mellitus. (VS e RAD)
n Sexo feminino. (VS)
n Doença Arterial Periférica. (RAD)
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Angiographic results of the radial artery graft patency according to the degree of native coronary 
stenosis

K. Yie et al. ejcts 33 (2008) 341—348

Estudo retrospetivo com angiografia coronária a 123 doentes 
(tempo médio de 32 meses)

n Patência da RAD aumenta de maneira progressiva com a gravidade da lesão nativa.

n 50% < estenose < 75% (15/19) 78.9%, 75% < estenose < 90% (45/53) 84.9%, estenose >90% 
(100/102) 98%, p = 0.001.

n RAD com bom resultado angiográfico, sobretudo em lesões superiores a 90%.

n DM, dislipidemia e DAP não afetaram os resultados.

proximal anastomosis demonstrated 96.2% (25/26) of mid-
term RA patency.

In case of RA, distal grafting area and angiographic
patency rate are documented in Table 4 and univariate
analysis showed that RA graft patency was significantly worse
for targets of the right coronary system (left coronary system
129/135, 94.4% vs right coronary system 31/39, 79.4%.
p = 0.02). However, multivariate analysis did not show the
statistical significances between RA graft patency and
coronary area (Table 5, p = 0.076, CI = 0.871—16.316, Exp
(B) = 3.770).

RA patency according to the native coronary artery stenosis
was documented and the RA patency increased steadily with
increasing target stenosis (50% < stenosis < 75% 15/19 78.9%,
75% < stenosis < 90% 45/53 84.9%, stenosis >90% 100/102
98%, p = 0.000 x2 = 12.432 by linear by linear association).

Multivariate analysis was performed to evaluate and quantify
the independent effects of target vessel stenotic degree,
proximal anastomosis method, sequential grafting, target
vessel site, on-pump CABG, preoperative conditions (age, sex,
ejection fraction, diabetes, left main disease, urgent opera-
tion or not, history of peripheral artery disease). Target vessel
stenotic degree under 90% remained a unique independent
predictor of RA graft occlusion (Table 5). RA graft patency
according to target vessel stenosis can be affected by other
confounding factors. Table 6 demonstrated each RA patency
relationship between every possible confounding factor and
target vessel stenosis. Apart from one factor of proximal
anastomoticmethod, RA patencywas significantly affected by
the degree of target vessel stenosis in each group. As shown in
Table 7, demographic and perioperative conditions evenly
distributed both stenosis groups except ejection fraction.

K. Yie et al. / European Journal of Cardio-thoracic Surgery 33 (2008) 341—348 345

Table 4
Radial artery graft patency according to anastomosis area and to proximal anastomosis method

Number of anastomosis (%) Patent graft, patency (%) p-Value

Distal anastomosis site 0.02a

Left coronary system 135/174, 77.6% 129/135, 94.4%
LAD 7 6, 85.8%
Diagonal 38 37, 97.4%
Circumflex territory 90 86, 95.6%

Right coronary system 39/174, 22.4% 31/39, 79.4%

Proximal anastomosis method of RA 0.123
Aortocoronary technique (including Cabrol’s technique) 119/174, 68.4% 112/119, 94.1%
Left ITA Y-graft 55/174, 31.6% 48/55, 87.2%

LAD, left anterior descending.
a Compared the patency of left coronary system with right coronary system.

Table 5
Multivariate analysis of risk factors for radial artery graft patency

Risk factor Index Exp (B) 95% CIa p-Value

Target vessel stenosis 50% < stenosis < 90% Reference
90%< stenosis 14.942 2.681—83.261 0.002

RA target area Right coronary area Reference
Left coronary area 3.770 0.871—16.316 0.076

Proximal technique LITA Y-graft Reference
Aortocoronary or cabrol 2.721 0.647—11.439 0.172

Sequential technique No Reference
Yes 2.748 0.621—12.166 0.283

Surgery On-pump CABG Reference
Off-pump CABG 1.632 0.388—6.870 0.504

Left main disease No Reference
Yes 5.225 0.789—34.583 0.086

DM No Reference
Yes 0.475 0.115—1.967 0.305

PAD No Reference
Yes 0.319 0.027—3.776 0.365

Sex Male Reference
Female 2.550 0.494—13.152 0.263

Urgent operation No Reference
Yes 0.164 0.023—1.154 0.069

Age 1.047 0.976—1.124 0.200
Ejection fraction 0.991 0.944—1.041 0.731

Values in bold are significant.
a CI, confidence interval; LITA, Left internal thoracic artery; CABG, coronary artery bypass graft; DM, Diabetes mellitus; PAD, peripheral arterial disease.
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Sumário

n A RAD (e a GEA) pode ser comprometida com lesões inferiores a 80-90%

n Utilizar a VS em detrimento da RA para lesões moderadas.

n Revascularização arterial aumenta a sobrevida (incluíndo os diabéticos).

n A utilização das duas mamárias aumenta a sobrevida, diminui a taxa de eventos cardiovasculares e 
necessidade de reintervenção.

n Evitar “dupla mamária” em doente obesos (IMC>40) e DM insulinotratados (não esquecer DPOC).

n Se necessário esquelotonizar as artérias.

n Patência da ATID (in situ ou enxerto livre) é sobreponível a ATIE quando utilizada para o mesmo território.

n A artéria radial é uma boa alternativa a ATID.

n Fácil de manusear e reduz o risco de deiscência do esterno.

n A ATID tem maior patência que a RAD e que a VS. 

n A  RAD aumenta a sobrevida dos doentes quando comparada com a VS (>5 anos).

n Revascularizar lesões moderadas está associada a progressão da doença, sobretudo da CD.

n Ponderar não revascularizar a CD <70%.

n Patência da ATI poderá ser comprometida com lesões < 60%.


