
Use of the internal 
mammary artery for 
myocardial 
revascularization 

Selecting the opt imal g ra f t fo r direct myocar-
dial revascularization has been the aim of car-
diac surgeons since the technique was estab-
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despi te increasing technical sophistication, the 
patency rate has r emained between 70% a n d 
82% in m e n and 10% to 15% lower in women.1"4 

In 1950, Vineberg implan ted the in ternal 
m a m m a r y ar tery (IMA) in the myocard ium a n d 
observed significant clinical i m p r o v e m e n t , bu t it 
was not unti l 1959 that Sonesr ' demons t r a t ed by 
coronary angiography the deve lopmen t of com-
munica t ion between the I M A and the coronary 
system in some patients . In 1964, Kolessov6 first 
p e r f o r m e d a direct anastomosis between the 
IMA and the coronary ar tery for t r ea tmen t of 
ang ina pectoris. Initially, coronary ang iography 
was not available to evaluate his results . In 1968, 
Green 7 successfully p e r f o r m e d IMA anas tomo-
sis a n d r e p o r t e d his results with 165 clinical cases 
in 1971. T h a t same year , Loop et al8 modi f ied 
the technique for const ruct ing IMA anastomosis 
without high power optical assistance. 

I n the past 5 years the IMA has become a 
popu la r al ternative fo r myocardial revasculari-
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zation, even though the technique is 
m o r e diff icul t t han that f o r saphe-
nous vein g ra f t ing . Th i s relative dis-
advantage has been ou tweighed by 
the h igher patency ra te , t he necessity 
of only one anastomosis , a n d the ex-
cellent clinical results. T h e reason for 
the h igher patency ra te is probably 
related to less discrepancy between 
the size of the IMA and the size of the 
coronary arteries, or the smaller di-
ame te r of the IMA with its a t t endan t 
h igher velocity of blood flow. 

Technique 

T h e IMA is dissected f r o m the 
chest wall with the he lp of the Fava-
loro sternal rectractor appl ied a f t e r 
the median s te rnotomy is comple ted . 
T h e dissection is comple ted in 10 to 
15 minutes and it is car r ied out by 
electrocautery and silver clips to li-
gate the branches of t h e a r te ry . 
When mobilization is complete , the 
ar tery is sprayed with a papaver ine 
solution and w r a p p e d in a sponge 
soaked in the same vasodilator . Great 
care is taken not to in jure the ar tery 
by obta ining a wide pedicle with vein 
a n d s u r r o u n d i n g tissues. 

Immediate ly be fo re us ing the ar-
tery , the distal end is sectioned and 
blood flow t h r o u g h the pedicle is esti-
ma ted . With exper ience , one can eas-
ily de t e rmine whe the r the flow is sat-
isfactory; flow may be measu red by 
allowing f r ee flow into a conta iner (60 
ml /min is considered the m i n i m u m 
of acceptable flow). Rigid a d h e r e n c e 
to s t andards for flow a n d anatomic 
integrity of this pedicle a re the rea-
sons f o r good results with the g ra f t . 

Indications 

At the Cleveland Clinic, the IMA is 
the graf t of choice fo r revasculariza-
tion of the left an te r io r descend ing 

ar tery , except when contra indicated 
fo r the following reasons: (1) Patients 
who mus t u n d e r g o opera t ion on an 
emergency basis are usually excluded 
because of the addi t ional t ime re-
qu i red f o r dissection. (2) Patients 
with lef t main t runk obstruct ion d o 
not receive I M A revascularization for 
the same reason , and also their per-
fus ion deficit may be too large for the 
IMA gra f t . (3) Hyper t roph ic ventri-
cles f r equen t ly requ i re h igh blood 
flow; e .g . , patients with valve dys-
func t ion o r hyper tens ion . T h e IMA 
is seldom able to carry m o r e than 150 
ml /min when initially connec ted . (4) 
W h e n the re is question about the pat-
ency of the left subclavian ar tery o r 
the IMA. This is suggested by the 
presence of subclavian brui ts , evi-
dence of extensive brachiocephal ic 
disease, previous surgery in the re-
gion, radia t ion therapy of the chest 
wall, or d i f f u s e atherosclerosis associ-
ated with old age. 

Results and discussion 

Between 1972 a n d 1974, 2,008 pa-
tients h a d revascularizations with 
IMA graf t s alone or in combinat ion 
with s aphenous vein graf t s . T h e hos-
pital mortali ty was 1% and the peri-
operat ive myocardial infarct ion was 
4.3%. T h e patency rate in 491 of 
these pat ients s tudied 1 year a f t e r 
surgery was 96.3% (Table 1). 

Al though the IMA provides supe-
r ior pa tency , some investigators 
quest ion its ability to provide ade-
qua te f low. In November 1975, Siegel 
et al9 r e p o r t e d on their exper ience 
with a g r o u p of postoperat ive pa-
tients who h a d been revascularized 
with a single g ra f t , the IMA or saphe-
nous vein. Patency was proved by 
postoperat ive ang iogram. Th i s 
g r o u p of pat ients submit ted to exer-
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cise testing, preoperat ively and post-
operat ively, and t he re was no signifi-
cant d i f f e r ence in m a x i m u m hear t 
r a te , ang ina , or S-T changes (Table 
2). T h e quest ion of long- term benef i t 
f r o m this type of revascularization 
has been discussed by Loop et al,10 

who analyzed results f r o m the first 
400 patients revascularized with the 
IMA. T h e composi te actuarial sur-
vival was 98.3% at 1 year , 97.6% at 2 

years, 97.0% at 3 years, a n d 96.8% at 
3V2 years (Figure). Concern ing symp-
tomatic improvemen t , 273 patients 
(71%) were in funct ional class I , 86 
(22%) were funct ional class I I , 23 
(6%) were funct ional class I I I , and 4 
(1%) were funct ional class IV. It also 
should be men t ioned tha t 61% of 
these pat ients a re working full t ime 
and a n o t h e r 29% are active bu t no t 
work ing d u e to r e t i r ement or u n e m -

Table 1. IMA gra f t operat ions* 
Postopera t ive ang iographic re-

sults 

1971 1972 1973 1974 
N o . (HD) N o . (HD) No. (HD) No. (HD) 

T o t a l 
N o . (HD) 

N o . I M A 
gra f t s 

s tud ied 
N o . oc-
c luded pa ten t 

IMA g r a f t a lone 
I M A g r a f t with 

one o r m o r e 
SVGs 

I M A gra f t with 
o t h e r associated 
p r o c e d u r e s 

I M A aor tocoron-
ary g r a f t s 

To ta l 

56(1) 

56(1) 

109 (0) 
255 (4) 

5 ( 0 ) 

39 (0) 

408 (4) 

181 (0) 
461 (4) 

23 (1) 

23 (0) 

688 (5) 

235 (1) 
585 (3) 

21(2) 

15 (0) 

856 (6) 

581 (2) 
1301 (11) 

49 (3) 

77 (0) 

2008 (16) 
(1.0%) 

491 

23* 

18 96.3 

91.3 

* T h r o u g h 1973. 
No. = n u m b e r of pat ients ; (HD) = hospital dea th s . 
( R e p r o d u c e d by permiss ion of She ldon WC, et al: Surgical t r ea tmen t o f co rona ry a r t e ry disease: p u r e g ra f t ope ra -
tions, with a study of 741 pat ients fol lowed 3-7 yr. P rog Cardiovasc Dis 18: 237-253, 1975.) 

Table 2. Exercise testing preoperat ively and postoperat ively 
I n t e r n a l m a m m a r y ar-

tery, n = 37 V e n o u s a u t o g r a f t , n = 26 

M a x i m a l w o r k c a p a c i t y P r e o p 701 ± 4 0 6 5 8 ± 39 
P o s t o p 9 1 4 ± 4 0 9 0 8 ± 40 

A / p v a l u e + 2 1 3 / < . 0 0 1 + 2 5 0 / C . 0 0 1 
M a x i m a l h e a r t r a t e P r e o p 140 ± 4 137 ± 4 

P o s t o p 157 ± 3 156 ± 3 
A / p v a l u e + 1 7 / < .001 + 1 9 / < .001 
M a x i m a l r a t e p r e s s u r e p r o d u c t P r e o p 2 0 6 ± 7 214 ± 7 

P o s t o p 2 5 7 ± 9 2 6 5 ± 9 
A / p v a l u e + 5 1 / C . 0 0 1 + 5 1 / < .001 
A n g i n a ( % ) P r e o p 25 ( 6 8 % ) 18 ( 6 9 % ) 

P o s t o p 4 ( 1 1 % ) 3 (12%) 
S - T ( % ) P r e o p 32 ( 8 7 % ) 20 (80%) 

P o s t o p 13 ( 3 5 % ) 8 (31%) 
S 4 p r o v o k e d P r e o p 31 10 

P o s t o p 16 12 

( R e p r o d u c e d by p e r m i s s i o n o f S i e g e l W , e t al : C o m p a r i s o n o f i n t e r v a l m a m m a r y a r t e r y a n d 
s a p h e n o u s v e i n g r a f t f o r m y o c a r d i a l r e v a s c u l a r i z a t i o n b y e x e r c i s e t e s t i n g . A m e r i c a n H e a r t A s s o c i a -
t i o n , A n a h e i m , C a l i f o r n i a , 1975. ) 
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4 0 0 I N T E R N A L M A M M A R Y A R T E R Y 
G R A F T OPERAT IONS 1971-1973 

1 2 3 4 5 

YEARS AFTER OPERATION 

F i gu re . I M A g r a f t o p e r a t i o n s , 1 9 7 1 - 1 9 7 3 ; s u r v i v a l . 

ployment ; only 1% are completely 
disabled. This is a f t e r a fol low-up of 3 
years. 

We believe that the I M A in situ 
represen t s a significant s tep closer to 
the opt imal g ra f t fo r myocardial re-
vascularization, since it provides ex-
cellent symptomatic results , super ior 
pa tency, and prolongs survival. 

References 

1. S h e l d o n W C , R i n c o n G F , E f f l e r D B , e t a l : 
V e i n g r a f t s u r g e r y f o r c o r o n a r y d i s e a s e ; 
s u r v i v a l a n d a n g i o g r a p h i c r e s u l t s in 1 ,000 
p a t i e n t s . C i r c u l a t i o n 48: S u p p l 3: 184-189, 
1973. 

2 . S h e l d o n W C , R i n c o n G , P i c h a r d A D : R e -
s u l t s o f g r a f t s u r g e r y f o r c o r o n a r y a r t e r y 
d i s e a s e ; a p r o g r e s s r e p o r t . C a r d i o v a s c C l i n 
7 : 9 3 - 1 0 7 , 1975 . 

3 . F l e m m a R J , J o h n s o n W D , L e p l e y D J r , e t 
a l : L a t e r e s u l t s o f s a p h e n o u s v e i n b y p a s s 
g r a f t i n g f o r m y o c a r d i a l r e v a s c u l a r i z a t i o n . 
A n n T h o r a c S u r g 14: 2 3 2 - 2 4 2 , 1972. 

4 . S h e l d o n W C , R i n c o n G , P i c h a r d A D , e t a l : 
S u r g i c a l t r e a t m e n t o f c o r o n a r y a r t e r y d i s -

e a s e ; p u r e g r a f t o p e r a t i o n s , w i t h a s t u d y o f 
7 4 1 p a t i e n t s f o l l o w e d 3 - 7 y r . P r o g C a r -
d i o v a s c D i s 18: 2 3 7 - 2 5 3 , 1975 . 

5 . S o n e s F M , S h i r e y E J : C i n e c o r o n a r y a r t e -
r i o g r a p h y . M o d C o n c e p t s C a r d i o v a s c Dis 
31: 7 3 5 - 7 3 8 , 1962 . 

6 . K o l e s s o v V I ; M a m m a r y a r t e r y - c o r o n a r y 
a r t e r y a n a s t o m o s i s as a m e t h o d o f t r e a t -
m e n t f o r a n g i n a p e c t o r i s . J T h o r a c C a r -
d i o v a s c S u r g 54: 5 3 5 - 5 4 4 , 1967 . 

7 . G r e e n G E : I n t e r n a l m a m m a r y a r t e r y - t o -
c o r o n a r y a r t e r y a n a s t o m o s i s ; t h r e e - y e a r 
e x p e r i e n c e w i t h 165 p a t i e n t s . A n n T h o r a c 
S u r g 14: 2 6 0 - 2 7 1 , 1972. 

8 . L o o p F D , E f f l e r D B , S p a m p i n a t o N , e t a l : 
M y o c a r d i a l r e v a s c u l a r i z a t i o n b y i n t e r n a l 
m a m m a r y a r t e r y g r a f t s . J T h o r a c C a r d i o v -
a s c S u r g 63: 6 7 4 - 6 8 0 , 1972. 

9 . S i e g e l W , L o o p F D , P r o u d fit W L , e t al : 
C o m p a r i s o n o f i n t e r n a l m a m m a r y a r t e r y 
a n d s a p h e n o u s v e i n g r a f t f o r m y o c a r d i a l 
r e v a s c u l a r i z a t i o n b y e x e r c i s e t e s t i n g . 
A m e r i c a n H e a r t A s s o c i a t i o n , A n a h e i m , 
C a l i f o r n i a , 1975. 

10. L o o p F D , I r a r r a z a v a l M , B r e d e e J J , e t al : 
T h e i n t e r n a l m a m m a r y a r t e r y g r a f t f o r 
i s c h e m i c h e a r t d i s e a s e ; e f f e c t o f r e v a s c u -
l a r i z a t i o n o n s u r v i v a l . ( A b s t r ) A m J C a r -
d i o l 37: 152, 1975 . 

require permission.
 on June 1, 2025. For personal use only. All other useswww.ccjm.orgDownloaded from 

http://www.ccjm.org/



