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Nearly a decade of exper ience with g ra f t tech-
niques for coronary ar tery disease has accumu-
lated since o u r initial clinical application in May 
1967.1 Since previous a t tempts at myocardial re-
vascularization were associated with clinical re-
sults that were unpredic tab le and f requent ly less 
than completely satisfactory, the early results of 
bypass g ra f t surgery were also viewed with skep-
ticism. In the past several years, however , there 
has been increasing ag reemen t that direct my-
ocardial revascularization with bypass graf t 
techniques can result in improvemen t in symp-
toms, and improved e f for t tolerance and my-
ocardial p e r f o r m a n c e u n d e r stress. Long- term 
follow-up studies suggest that bypass graf t sur-
gery may improve long- term prognosis,2 '3 infer-
r ing that the myocard ium is protected against 
infarct ion and fatal a r rhy thmia . Al though stud-
ies a re still in progress , it has been suggested 
that bypass g ra f t surgery may be of benef i t in 
the more acute ischemic syndromes of unstable 
angina pectoris and acute myocardial infarc-
tion.4 This r epor t is an u p d a t e of the Cleveland 
Clinic Exper ience. 

F rom May 9, 1967, t h r o u g h December 31, 
1975, 10,744 patients u n d e r w e n t various types of 
g ra f t p rocedures for coronary artery disease, 
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with or without associated proce-
dures , at the Cleveland Clinic (Table 
1). T h e interposed g ra f t for the r ight 
coronary artery was used in fewer 
than 100 patients, and was rapidly 
replaced by the bypass technique be-
cause of its greater versatility. Al-
though the autologous saphenous 
vein had been used for g r a f t i ng pur-
poses in most patients, in terna l mam-
mary ar tery (IMA) graf ts have been 
employed with increasing f r equency 
since 1971.5 Graf ts using segments of 
autologous radial ar tery , cephalic 
veins, or prosthetic materials have 
not been successful in the limited ap-
plication they have received to date . 

Dur ing the first few years, selec-
tion of patients fo r bypass g ra f t sur-
gery and the p lanning of these opera-
tions were based u p o n experiences 
obtained with earlier revasculariza-
tion techniques and certain basic as-
sumptions: (a) that m o r e complicated 
operat ions would be associated with a 
higher rate of morbidity a n d mortal-
ity, and (b) that patients with more 
extensive arteriosclerotic involve-
ment and preexist ing myocardial 
damage would have a h igher risk and 
less potential fo r rehabil i tat ion. Ac-
cordingly, the ideal cand ida te for by-

Table 1. Graf t opera t ions for 
coronary ar tery disease 

(Includes o ther procedures) 
No. of pa- Hospital 

Yr tients dea ths % 

1967 3 5 3 8 .6 
1968 146 8 5 . 5 
1969 366 16 4 .4 
1970 991 30 3 .0 
1971 1 ,484 2 8 1.9 
1972 1 ,618 24 1.5 
1973 1 ,733 24 1.4 
1974 2 , 1 3 9 3 9 1.8 
1975 2 , 2 3 2 3 8 1.7 

T o t a l 10 ,744 2 1 0 2 .0 

pass g ra f t surgery was the patient 
with severe segmental stenosis or ob-
struction of a single coronary ar tery 
and normal or nearly normal left 
ventricular function.6 '7 A l though the 
mortality in the early series was 
slightly h igher , the immedia te bene-
fit on symptoms was impressive. T h e 
grea ter versatility of the bypass tech-
nique was readily a p p a r e n t and pa-
tients with significant lesions involv-
ing the lef t main coronary ar tery or 
its an ter ior descending branch could 
now be t rea ted , and mult iple bypass 
graf t s could be constructed in pa-
tients with more widespread disease 
without inviting the high complica-
tion rate that previously had been an-
ticipated. Improved technical exper-
tise and increasing exper ience con-
tr ibuted significantly to r educ ing the 
hospital mortali ty f r o m 8.6% to 1.7% 
in the past 5 years. 

T h e first assumption has been 
bo rne out , that more complicated op-
erat ions a re associated with a high 
mortality, a l though this has not been 
prohibitive. T h e larger p ropor t ion of 
patients have u n d e r g o n e bypass g ra f t 
p rocedures in the p u r e f o r m , in 
which the hospital mortality has been 
reduced f r o m 4.8% pr ior to 1970 to 
1.3% in the past 3 years. At the same 
time, the propor t ion of pat ients un-
dergo ing multiple g ra f t p rocedures 
has increased f r o m 15% to an average 
of 67% in the past 3 years (Table 2). 

Table 2. Bypass graf t fo r coronary 
ar tery disease, 1967-1975 

(No associated procedures) 
N o . of pa- Hospital 

Graf t s tients dea ths % 

S i n g l e 3 , 3 0 9 2 8 0 . 8 

D o u b l e 3 ,971 51 1.3 
M u l t i p l e 1 ,751 4 6 2 . 6 

T o t a l 9 , 0 3 1 125 1.4 
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A m o n g patients u n d e r g o i n g bypass 
graf ts combined with various associ-
ated cardiac p rocedures of all types 
f r o m 1972 t h rough 1975, the hospital 
mortality was 5.1% when a single 
graf t was utilized, 6.3% fo r double 
gra f t , and 9.7% for t h r ee or more 
graf ts plus associated cardiac proce-
dures . T h e hospital mortali ty a m o n g 
patients u n d e r g o i n g bypass graf t sur-
gery combined with resections of 
ventricular aneurysm or scar was 
3.6% (Table 3). 

T h e hospital mortali ty a m o n g pa-
tients with normal or nearly normal 
left ventricular func t ion in the First 
series of patients ope ra t ed u p o n with 
graf t techniques exclusively f r o m 
1967 to 1970 was 2.7%, and for pa-
tients with modera te hypokinesis it 
was 3.3%. In a smaller n u m b e r of 
patients with severe asynergy, the 
hospital mortality was 13.3% bear ing 
out the second assumpt ion . 

Perioperative myocardial infarction 

T h e incidence of def in i te per ioper-
ative myocardial infarc t ion , as de-
f ined by new Q waves in the electro-
card iogram and accompanied by ab-
normal elevation of the s e rum glu-
tamic oxaloacetic t ransaminase 
(SGOT) was 6.9% a m o n g patients un-
dergoing p u r e g ra f t p rocedures 
prior to 1971, c o m p a r e d to 4.2% of 
patients in the past 4 years (Table 4). 
When correlated with postoperat ive 
left ventricular cine ang iograms , 29% 
of patients opera ted on pr ior to 1971 
who sustained a definite per iopera t ive 
myocardial infarct ion showed deteri-
oration o f l e f t ventr icular funct ion by 
angiography. A m o n g pat ients who 
exper ienced a suspected, but indefi-
nite perioperat ive infarc t ion , only 
8.2% demons t ra ted angiographic evi-
dence of new or addi t ional left ven-

Table 3. Graf t s combined with 
resections of ventr icular aneurysm 

Yr No. of patients Hospital deaths 

1972 62 1 
1973 72 6 
1974 94 1 
1975 74 3 

T o t a l 302 11 (3 .6%) 

tricular damage when s tudied post-
operatively. 

O t h e r per ioperat ive complications 
include atrial a r rhythmias , which oc-
cur in approximate ly 17% of patients, 
and have not been associated with 
mortality, per ioperat ive infarct ion, 
graf t occlusion, or d iminished poten-
tial fo r rehabil i tat ion. Ventr icular 
tachyarrhythmias occur in approxi-
mately 1% of patients and also do not 
po r t end perioperat ive mortali ty, in-
farct ion, or g ra f t occlusion. Reopera-
tions, usually for persistent bleeding 
in the early convalescent phase , have 
been requ i red in 7% to 9% of pa-
tients, also without a f fec t ing long-
term results. 

Postoperative angiographic studies 

From 1967 th rough 1975, 3,849 
postoperat ive ar tér iographie studies 
have been p e r f o r m e d on patients 
that were opera ted u p o n with graf t 
techniques (Table 5). Many of these 
studies have been p e r f o r m e d in car-
diac laboratories of o the r institutions. 
T h e interval between surgery and the 
postoperat ive study has r anged f rom 
1 mon th to more than 7 years with a 
median of approximate ly 16 months . 
Many patients have u n d e r g o n e sev-
eral postoperat ive studies. Of all 
g raf t s that were s tudied t h rough 
1975, 84.2% were pa ten t . Patency is 
somewhat higher for graf ts to the an-
terior descending artery (88.3%) than 
for graf ts to the r ight and circumflex 
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Table 4. Clinically d iagnosed perioperat ive myocardial infarct ion; p u r e g ra f t 
opera t ion 

Infa rc t ions 

Defini te Suspected 

Yr* ope ra t ed N o . % No. % 

1967-1970 741 51 6.9 43 5.8 
1972 1,449 51 3.5 22 1.5 
1973 1,601 74 4.6 20 1.2 
1974 1,957 92 4.7 21 1.0 
1975 2,077 82 3.9 17 0.8 
Total (1972-1975) 7,084 299 4.2 80 1.1 

* 1971 d a t a i n c o m p l e t e 

T a b l e 5 . B y p a s s 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 ; p o s t o p e r a t i v e 
r e s u l t s , 1967-1975* 

Artery No. g ra f t s N o . p a t e n t No . occluded % pa ten t 

R i g h t 2,105 1,684 421 80.0 
A n t e r i o r d e s c e n d i n g 2,926 2,583 343 88.3 
C i r c u m f l e x 1,365 1,118 247 81.9 
T o t a l 6,396 5,385 1,011 84.2 

* P o s t o p e r a t i v e s t u d i e s , 3 , 849 ; a v e r a g e i n t e r v a l , 16 m o n t h s p o s t o p e r a t i v e . 
V e n o u s a n d I M A g r a f t s . 
P a t i e n t s w i t h o n e o r m o r e p a t e n t g r a f t s , 9 0 . 5 % . 

arteries (80% and 81.9%, respec-
tively) . 

T h e IMA gra f t , with its h igher in-
cidence of patency, has contr ibuted 
significantly to the results for ante-
rior descending graf ts in the past 3 
years.5 '8 T h r o u g h 1975, 812 in situ 
IMA graf t s have been studied post-
operatively of which 96.4% were pat-
ent . 

Of all patients s tudied arterio-
graphically t h r o u g h 1975, 90.5% had 
at least one pa ten t g ra f t . A m o n g 
those patients who had multiple 
graf ts cons t ructed , 96.6% had at least 
one patent g ra f t at the t ime of their 
postoperat ive s tudy. 

Studies of the relat ionship between 
g ra f t patency and the interval be-
tween surgery and the postoperat ive 
a r te r iogram have suggested that the 
greater p ropor t ion of g ra f t fai lures 

occur within the first 12 mon ths a f t e r 
surgery (Table 6). It should be re-
m e m b e r e d that all postoperat ive an-
giographic results are weighted by a 
variety of factors, not the least of 
which is the reluctance of pat ients 
who are doing well to submit to a 
postoperat ive ang iogram, a n d the 
greater tendency is fo r patients with 
cont inued or r ecur ren t symptoms to 
r e t u r n for such a study. This tend-
ency is ref lected in the slightly lower 
patency rate observed fo r studies 
p e r f o r m e d within the first 6 mon ths 
following surgery . Al though most 
g ra f t fai lures occur early, it is not 
anticipated that all graf ts surviving 
this per iod will remain pa ten t indefi-
nitely. Several instances of late g ra f t 
fai lure have been d o c u m e n t e d , and 
are usually at tr ibutable to progres-
sion of the atherosclerotic process in 
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the distal segment of g r a f t e d arteries 
with r e t rograde thrombot ic propaga-
tion. 

In t raoperat ive bypass g ra f t How 
measurements a re f requen t ly ob-
tained to check on surgical technique 
and to assess the ult imate potential 
fo r graf t patency. O u r studies to date 
have not suggested a significant cor-
relation between in t raopera t ive How 
measurements and subsequent g ra f t 
patency except at very low flow rates 
of less than 20 ml per minu te (Table 
7). With flow rates in excess of 20 ml 
per minute , g raf t patency has ranged 
between 85% and 90%. 

Al though grossly a b n o r m a l veins 
are not selected for g ra f t purposes , a 
n u m b e r of specimens of vein graf ts 
taken at the l ime of surgery have 
shown histologic evidence of phlebo-
sclerosis. This has not been associ-
ated with any increased incidence of 
graf t occlusion, stenosis, or i r regular-
ity (Table 8):9 

T h e relat ionship be tween graf t 
patency and the severity of the pre-
operative lesion has been s tudied to 
test the hypothesis that competit ive 

flow t h r o u g h a g ra f t to an ar tery con-
taining only mild to modera te steno-
sis would lead to d iminished flow ve-
locity as well as to minute volume, 
sludging, and thrombosis of either 
the graf t or the g ra f ted ar tery . Very 
few graf ts have been constructed to 
arteries that contained a lesion of 
50% or less; however , the patency 
a m o n g such graf t s is 72.8% com-
pared to 85.8% in graf t s constructed 
to arteries conta in ing lesions ranging 
between 51% and 100%. T h e r e is no 
d i f fe rence in patency of graf t s con-
structed to ar ter ies that p reopera-
t ive^ conta ined lesions of 51% to 
75%, compared with 76% to 100% 
{Table 9). 

T h e effect of g ra f t surgery on pro-
gression of atherosclerosis in arteries 
t reated with bypass graf ts was exam-
ined in patients opera ted on f r o m 
1967 t h r o u g h 1970, and who have 
had one or more postoperat ive stud-
ies. Patients with coronary arteries 
that were totally obstructed p reoper -
atively were excluded f r o m this anal-
ysis. Nonobs t ruc ted coronary arteries 
were selected fo r bypass graf t s be-

Table 6. Interval between operat ion and postoperat ive angiogram* 
Graf t s < 7 m o 7-12 mo 13-24 mo 25-36 mo 27-48 mo > 4 8 mo 

N o . s t u d i e d 337 1 ,359 1 ,610 2 2 2 58 65 
N o . o c c l u d e d 64 193 2 3 8 31 20 12 
P e r c e n t p a t e n t 8 1 . 0 8 5 . 8 8 5 . 2 86 .0 6 5 . 5 8 1 . 5 

* 1 9 7 2 - 1 9 7 4 . 

Table 7. G ra f t patency vs. in t raoperat ive flow rate 
Flow (ml/min) No. g ra f t s No. patent graf ts No. occluded gra f t s % patent 

0 - 2 0 46 32 14 69 .6 
2 1 - 4 0 142 121 21 85 .2 
4 1 - 6 0 177 161 16 91 .0 
6 1 - 8 0 117 105 12 8 9 . 7 
8 1 - 1 0 0 60 51 9 8 5 . 0 
> 1 0 0 _ 8 8 _ JU _T_ 9 2 . 0 
T o t a l 6 3 0 551 79 8 7 . 5 
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cause of significant stenotic lesions in 
excess of 75% in most instances. At 
the t ime of the postoperat ive study, 
33% of the g ra f t ed ar ter ies had be-
come completely obst ructed (Table 
10). T h e potent ia l fo r new occlusion 
of a previously pa ten t ar tery t reated 
with a bypass g ra f t appea r s to be re-
lated m o r e to the severity of the pre-
operat ive lesion than to the presence 
of a g r a f t . Eighty- three pe rcen t of 
new occlusion occur red in arteries 
containing preopera t ive stenosis 
grea ter than 80%. As demons t ra t ed 
ar ter iographical ly, t he re was an 
equal dis t r ibut ion of pa ten t and non-

Table 8. Status of no rma l and 
abnormal veins at postoperat ive 

study 

Normal veins 
(496 grafts) 

A b n o r m a l 
veins 

(144 graf ts) 

No . % N o . % 

Patent 436 87.9 129 89.6 
Gra f t stenosis 24 4.8 4 2.8 
G r a f t i r regular i ty 3 0.6 2 1.4 

paten t graf ts to arteries with new 
postoperat ive occlusions. In this se-
ries of patients , only six u n g r a f t e d 
ar ter ies developed a new total occlu-
sion, and 25 arteries (in 23 patients) 
demons t r a t ed progress ion of disease, 
with the deve lopment of a new lesion 
of 75% or m o r e d u r i n g the average 
16-month interval between the pre-
opera t ive a n d postoperat ive studies. 

Effect of bypass graft surgery on 
symptoms 
T h e majori ty of pat ients t rea ted 

surgically with bypass g ra f t tech-
niques r epor t symptomatic improve-
m e n t postoperatively, and many are 
asymptomat ic . Th i s cannot be criti-
cally evaluated, however , without re-
lating postoperat ive symptoms to the 
postoperat ive a r t e r iogram, a n d to 
the completeness of revascularization 
that was achieved. Regardless of how 
many graf t s may have been con-
s t ruc ted , the completeness of the 
surgical attempt cannot be equa ted to 
the completeness of revascularization 

Table 9. Graf t patency vs. severity of preopera t ive lesion* 
T y p e of g r a f t a n d 

ar te ry Preopera t ive stenosis (% severity) 

0 - 5 0 5 1 - 7 5 7 6 - 7 9 100 T o t a l 

S V G t o R C A 
T o t a l n o . g r a f t s 18 153 544 4 4 4 1 ,159 
P a t e n t g r a f t s 15 120 4 4 6 3 4 8 9 2 9 

P e r c e n t p a t e n t 8 3 . 3 78 .4 8 2 . 0 78 .4 8 0 . 2 

S V G t o L A D 
T o t a l n o . g r a f t s 22 155 7 5 9 272 1 ,208 
P a t e n t g r a f t s 15 134 6 4 6 2 4 7 1 ,042 
P e r c e n t p a t e n t 6 8 . 2 8 6 . 5 8 5 . 1 9 0 . 8 8 6 . 3 

L I M A t o L A D 
T o t a l n o . g r a f t s 1 66 3 8 6 191 644 

N o . p a t e n t g r a f t s 1 62 3 6 6 188 617 

P e r c e n t p a t e n t 100 9 3 . 9 9 4 . 8 9 8 . 4 9 5 . 8 

S V G t o L C X 
T o t a l n o . g r a f t s 18 183 5 9 9 2 3 0 1 , 0 3 0 

P a t e n t g r a f t s 12 155 5 0 8 196 871 

P e r c e n t p a t e n t 6 6 . 7 8 4 . 7 8 4 . 8 85 .2 8 4 . 6 

* P o s t o p e r a t i v e a n g i o g r a m s , J a n u a r y 1972 t o O c t o b e r 1975. 
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that was accomplished. In the series 
of 741 pat ients t reated with p u r e by-
pass g ra f t opera t ions f r o m 1967 
t h rough 1970, 476 underwen t postop-
erative study permi t t ing an analysis 
of symptoms and the completeness of 
revascularization that was accom-
plished (Fig. 1).3 Ninety-five percent 

Table 10. New occlusions of the 
graf ted arteries according to status of 

graf t * 

New artery occlusions 
Artery Grafts 

Status of graf t No. No. % 
Righ t 

P a t e n t 221 80 36.2 
O c c l u d e d 65 21 32 .3 

I .AD 
P a t e n t 232 69 29 .7 
O c c l u d e d 54 23 42 .6 

L e f t Cx 
P a t e n t 92 29 31.5 
O c c l u d e d 30 5 16.7 

T o t a l 
P a t e n t 545 178 32.7 
O c c l u d e d 149 49 32 .9 

* P o s t o p e r a t i v e a n g i o g r a m s t h r o u g h May 
1974. 

of these pat ients were symptomatic , 
with varying degrees of disability pre-
operatively. Complete revasculariza-
tion was achieved in m o r e than half 
these patients, of whom 87% were 
asymptomatic at the t ime of their 
postoperat ive study. A m o n g patients 
who achieved partial revasculariza-
tion, 56% were asymptomatic at the 
t ime of their postoperat ive study, 
and 33% had only mild disability 
(Class II symptoms). Most of those 
who remained symptomat ic were 
aware of clearly improved e f fo r t tol-
erance. In patients for whom no re-
vascularization was accomplished, 
the majority remained symptomat ic 
(58.2%). T h e g r o u p of patients who 
did not benefi t f r o m surgery and 
were asymptomatic included patients 
who sustained a per iopera t ive my-
ocardial infarct ion, patients whose 
limited activities p revented the recog-
nition of symptoms, and possibly pa-
tients who exper ienced a placebo ef-
fect f r o m the opera t ion . A positive 

SYMPTOMS ACCORDING TO COMPLETENESS OF REVASCULARIZATION* 

PREOPERATIVE 

5.07. 

N O 
R E V A S C U L A R I Z A T I O N 

• 4 7 6 PATIENTS 

POSTOPERATIVE 

4.67. 
6.9% 

INCOMPLETE 
R E V A S C U L A R I Z A T I O N 

COMPLETE 
R E V A S C U L A R I Z A T I O N 

F i g . 1. P r e o p e r a t i v e a n d p o s t o p e r a t i v e d i s t r i b u t i o n o f s y m p t o m s o f 476 p a t i e n t s w h o h a d p r e o p e r a -
t ive a n d p o s t o p e r a t i v e a r t é r i o g r a p h i e s t u d i e s . P o s t o p e r a t i v e s y m p t o m s a r e c l a ss i f i ed a c c o r d i n g to t h e 
c o m p l e t e n e s s o f r e v a s c u l a r i z a t i o n . ( R e p r o d u c e d by p e r m i s s i o n o f S h e l d o n W C , e t al: 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 ea se : p u r e g r a f t o p e r a t i o n s , w i th a s t u d y o f 741 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 Dis 18: 2 3 7 - 2 5 3 , 1975.) 
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correlat ion between completeness of 
revascularization and reversal of ex-
ercise induced angina or ischemic S-
T segment deviations or both in bicy-
cle e rgometr ic stress tests has been 
observed.1 0 In this study, nearly all 
patients who had exercise induced 
angina or ischemic S-T segment 
changes d u r i n g bicycle ergometr ic 
stress testing and who achieved com-
plete myocardial revascularization 
were relieved of these manifestat ions 
of ischemia when stressed postopera-
tively. Partial revascularization, or 
occlusion of one o r more of the graf ts 
(but not all), were associated with a 
lower incidence of reversal of stress 
induced angina or ischemic S-T 
changes or both , whereas no revascu-
larization resul ted in persistence of 
stress induced angina or ischemic S-T 
segment changes or both in each of 
the th ree patients s tudied for whom 
the opera t ion was totally unsuccess-
ful . O the r studies have shown im-
provement in maximal physical work 
capacity, and in anginal threshold 
(maximal hear t ra te times maximal 
systolic blood pressure) following by-
pass g ra f t surgery.1 1 

Survival fo l lowing bypass graft sur-
gery 

T h e effect of bypass g ra f t surgery 
on survival has been s tudied in 741 
consecutive patients who unde rwen t 
bypass g ra f t surgery in the pu re f o r m 
(with no associated procedures) f r o m 
May 1967 t h r o u g h December 1970.3 

T h e hospital mortality in this g r o u p 
of patients was 3%. Follow-up of all 
patients was a min imum of 30 
months , and fo r 44 patients was at 
least 6 years. T h e survival at 24 
months was 93.7%, and at 60 months , 
83%. Al though there is a clear rela-

t ionship between survival and the ex-
tent of coronary disease a m o n g medi-
cally t rea ted patients , this is less evi-
den t in the surgical series. For surgi-
cal patients with single vessel involve-
men t , the hospital mortali ty was 2%, 
and the 24- and 60-month survival 
rates were 95.5% and 85.5%, respec-
tively. For patients with double vessel 
involvement , the hospital mortali ty 
was 4%, and the 24- and 60-month 
survival rates were 91.6% and 78.9%, 
respectively. For surgical patients 
with triple vessel involvement , the 
hospital mortality was 5%, and the 
24-month survival was 91.4% (fol-
low-up of 60 months for only eight 
patients with triple vessel involve-
ment prec luded mean ingfu l compar -
ison with o ther groups) . 

Al though most patients in this se-
ries had no m o r e than mild impair-
ment of left ventr icular func t ion , re-
flecting the conservative criteria for 
selection of patients d u r i n g these 
years, 15% of patients did have mod-
erate to severe left ventr icular dys-
func t ion . T h e hospital mortali ty for 
patients with normal or mild left ven-
tricular dysfunct ion was 2.7%, 3.3% 
for patients with mode ra t e dysfunc-
tion, and 13.3% for those with severe 
left ventr icular impa i rmen t . T h e 3-
year survival was 93.6% for patients 
with normal or only mild focal hy-
pokinesia, 89.5% and 71.4% f o r pa-
tients with modera te and severe im-
pa i rment , respectively. 

For purposes of compar i son , an 
ideal g r o u p would consist of patients 
who were studied du r ing the same 
1967-1970 time f r a m e who fulfi l led 
the criteria used at tha t t ime for surg-
ical t r ea tmen t , but were r andomly as-
signed medical t r ea tmen t , with medi-
cal t r ea tment controlled and identical 
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in both groups of pat ients . Such a 
control g r o u p is not available. As an 
al ternative, we have elected to com-
pare patients t rea ted with bypass 
graf t surgery with a g r o u p of patients 
who were studied at the Cleveland 
Clinic between 1960 and 1965, and 
who fulfi l led the anatomic criteria on 
the basis of which the surgical g r o u p 
was selected, and were not opera ted 
on.12 Bypass graf t surgery did not 
become available unti l 1967, and 
fewer than 350 patients who were 
studied between 1960 and 1965 were 
selected for t r ea tment with those 
surgical techniques that were availa-
ble at that t ime, mainly IMA implan-
tation for anter ior descending ar tery 
disease. These patients were selected 
on the basis of having segmental cor-
onary lesions in excess of 75% to 80%, 
preserved myocardial integrity with 

normal or nearly normal left ventric-
ular func t ion , and arteries that were 
of suff icient size and f r ee f r o m distal 
involvement to permi t adequa te 
" r u n - o f f " . Of 526 pat ients who ful-
filled these cri teria, follow-up for 469 
was 72 months or longer . Except for 
the exclusion of patients with moder -
ate and severe left ventricular dys-
func t ion , this g r o u p of patients was 
similar to the surgical g r o u p . T h e r e 
was a clear d i f ferent ia t ion of survival 
curves in patients f r o m the medical 
g roup according to the presence of 
single, double , or triple vessel in-
volvement . T h e average attrition ra te 
for the ent ire medical g r o u p d u r i n g 
the first 5 years of follow-up was 8.8% 
per year, compared to 3.3% per year 
for the composi te surgical g r o u p 
(Fig. 2). In the medically t reated 
g roup , the average annua l attrition 

SURVIVAL AFTER GRAFT SURGERY FOR CORONARY ARTERY DISEASE 
COMPOSITE GROUPS 
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F i g . 2. Surv iva l c u r v e s f o r c o m p o s i t e medica l ly a n d surgica l ly t r e a t e d g r o u p s of p a t i e n t s . T h e 
surg ica l c u r v e i n c l u d e s h o s p i t a l mor t a l i t y (3%); all p a t i e n t s h a d a 3 0 - m o n t h f o l l o w - u p , sma l l e r 
n u m b e r s t h e r e a f t e r . Surv iva l of t h e m e d i c a l g r o u p d a t e s f r o m t h e t i m e of a r t é r i o g r a p h i e s tudy ; 
f o l l o w - u p f o r t h e e n t i r e g r o u p was m o r e t h a n 5 yea r s . ( R e p r o d u c e d by p e r m i s s i o n of S h e l d o n W C , 
et al: Su rg ica l t r e a t m e n t of c o r o n a r y a r t e r y d i sease : p u r e g r a f t o p e r a t i o n s , wi th a s t u d y of 741 
p a t i e n t s fo l lowed 3 - 7 y r . P r o g C a r d i o v a s c Dis 18: 237-253, 1975.) 
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ra te for patients with single vessel in-
volvement was 3.4% pe r year , a sur-
vival curve closely parallel ing that for 
all surgical g roups . T h e average an-
nual mortality rate of surgically 
t rea ted patients with single vessel dis-
ease was 2.4% per year (Fig. 3). 

Medically t reated pat ients with 
double vessel involvement su f fe red 
an average annua l attr i t ion rate of 
9.8% per year , compared to 4.6% per 
year for surgical patients with double 
vessel involvement . Medically t reated 
patients with triple vessel involve-
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F i g . 3 . Surv iva l of medica l ly a n d surgical ly 
t r e a t e d g r o u p s ; t h e p a t i e n t s a c c o r d i n g to t h e 
e x t e n t of t h e i r c o r o n a r y d isease at t h e t i m e of 
t h e ini t ial a r t é r i o g r a p h i e s t u d y . T h e n u m b e r 
of g r a f t s c o n s t r u c t e d d id no t e q u a l t h e n u m b e r 
o f vessels invo lved in all i n s t a n c e s . ( R e p r o -
d u c e d by p e r m i s s i o n o f S h e l d o n W C , et al: 
Surg ica 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 sease : 
p u r e g r a f t o p e r a t i o n s , wi th a s t u d y o f 741 
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 Dis 
18: 237-253 , 1975.) 

ment exper ienced a 19.3% per year 
attri t ion ra te du r ing the first 3 years 
of fol low-up, compared to 4.6% per 
year in the surgical g r o u p . 

Survival did not appea r to be ap-
preciably benef i ted by surgical treat-
ment in patients with single vessel 
disease, except for those in whom the 
anter ior descending ar tery was in-
volved. Medically t rea ted patients 
with isolated involvement of the ante-
rior descending ar tery had an aver-
age annua l attri t ion ra te of 4.8% per 
year , compared to 1.7% per year with 
surgical t rea tment (Fig. 4). In more 
recent experience, 8 notably with the 
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vessel i n v o l v e m e n t , a c c o r d i n g to t h e speci f ic 
a r t e r y i n v o l v e d . See t ex t f o r de ta i l s . ( R e p r o -
d u c e d b y p e r m i s s i o n of S h e l d o n W C , e t al: 
Su rg ica 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 sease : 
p u r e g r a f t o p e r a t i o n s , wi th a s t u d y of 741 
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 Dis 
18: 237-253 , 1975.) 
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IMA gra f t , survival of surgically 
t reated patients with single vessel in-
volvement appears to be bet ter than 
that fo r the earlier series. 

Indications for bypass graft surgery 
in coronary artery disease 
At best, direct myocardial revascu-

larization with bypass g ra f t tech-
niques is palliative, and cannot be ex-
pected to r e t a rd or arres t the a thero-
sclerotic process. When coronary ar-
te r iography demons t ra tes a signifi-
cant myocardial pe r fus ion deficit , 
imposing a risk of myocardial infarc-
tion or disability f r o m symptoms of 
myocardial ischemia, surgical treat-
ment may be cons idered . T h e r e f o r e , 
patients are selected for surgery on 
the basis of ei ther disability f r o m an-
gina pectoris or j eopa rd ized myocar-
d ium. T h e ult imate objective of by-
pass g ra f t surgery is fo r funct ional 
rehabilitation and prolongat ion of 
life. 

Patients are not accepted for sur-
gery who have early or mild fo rms of 
coronary atherosclerosis tha t do not 
impose an immedia te threa t to their 
funct ional capacity or risk of myocar-
dial infarct ion or dea th . Patients who 
have already sustained extensive my-
ocardial damage and su f f e r m o r e 
f r o m the effects of myocardial in-
competence ra ther than myocardial 
ischemia have little to gain f r o m re-
vascularization surgery . Patients with 
significant disability f r o m angina pec-
toris may anticipate benef i t f r o m by-
pass g ra f t surgery, especially if com-
plete revascularization is possible, in 
which case complete relief f r o m 
symptoms may be achieved. Im-
proved e f fo r t p e r f o r m a n c e can be 
anticipated for most patients fo r 
whom partial revascularization can 
be accomplished. Patients with m o r e 
extensive disease, that is double or 
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triple vessel involvement , have more 
severe symptoms and a poore r prog-
nosis, and the re fo re have the most to 
gain f r o m bypass g ra f t surgery . 

Asymptomatic patients are not f re -
quently r e f e r r e d for coronary arteri-
ography . At the t ime of artério-
graphie study, some patients a re 
asymptomatic by virtue of having re-
stricted their activities, or they may 
have had previous symptoms or my-
ocardial infarc t ion . If their arterio-
grams demons t r a t e a significant per-
fus ion deficit with double or triple 
vessel involvement or j eopa rd ized 
myocard ium, considerat ion for surg-
ical t r ea tmen t should not necessarily 
be prec luded by the absence of symp-
toms, fo r prognosis is bet ter related 
to anatomy than to symptoms. If a 
pat ient has a totally obstructed ar tery 
that is adequately collateralized f r o m 
other sources and he has no myocar-
dial d a m a g e or symptoms of myocar-
dial ischemia, he would appea r to 
have little need fo r surgical treat-
ment . If such a pat ient is sympto-
matic, he could benef i t f r o m surgery . 
A pat ient with a severe segmental ste-
nosis of the major artery without evi-
dent collateral protect ion has a more 
uncer ta in prognosis; he has a risk of 
infarct ion and its a t t endan t complica-
tions, a n d revascularization surgery 
may significantly r e d u c e these risks. 
T h e r e f o r e , the selection of patients 
fo r surgical t r ea tment is based not 
only u p o n symptoms, but u p o n the 
anatomy and the assessment of the 
risks to myocard ium and to life im-
posed by the arteriosclerotic disease, 
and the potential fo r improvemen t 
with surgical t r ea tmen t . 

Summary and conclusion 
T h e advent of bypass g ra f t surgery 

for coronary ar tery disease has stimu-
lated intensive study of the patho-
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physiology of coronary hea r t disease 
and its na tura l history in the past 9 
years. Few therapeut ic intervent ions 
have c o m m a n d e d such widespread 
interest or intensive s tudy. T h e evi-
dence to date suggests that bypass 
g ra f t surgery can be appl ied to se-
lected patients with a low risk, and 
with a potential fo r improvemen t in 
symptoms as well as survival. Only 
existing lesions can be t rea ted , and 
the f u t u r e course of the disease can-
not be ant icipated. Atherosclerotic 
progression is the factor l imiting the 
ult imate benef i t f r o m these thera-
peutic modalities. It is anticipated 
that the next decade will witness new 
techniques for bypass graf t surgery, 
f u r t h e r r e f inemen t of its indications, 
and a bet ter u n d e r s t a n d i n g of the 
na tu re and pathophysiology of coro-
nary atherosclerosis. 
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