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CHAPTER 1

INTRODUCTION.

Acrto-coronary bypass operations as a treatment for patients with angina
pectoris and obstructive coronary artery sclerosis, were first performed in
1967¢1,2) | In the Netherlands the first reported procedure dates from 1949
(3), while at present more than 4000 butch patients are operated upon per
year, From the start it was evident that the operation afforded symptomatic
relief in a large number of patients. However it also became clear that
between institutions wvariations existed in surgical technique, operative

(4=6)  The final

mortality and medical management after the operation
result of this by now very popular procedure is therefore dinfluenced by the
specific cardic-surgical team which performs the operation. Ideally, if a pa-
tient is referred for surgery to a particular jnstitute, it should therefore
be known what the results are for that particular team. This study represents
an attempt te document our own results.

The aim of this thesis is the description of the cutcome of isolated aorto-
coronary bypass operations, both regarding the sheort term effects j.e. the
operative mortality as well as the long term results 1i.e. the general well-
being and survival probability of the patients over the years. The main indi-
cation for this type of surgery is and always has been, persisting angina pec-
toris despite extensive pharmacological therapy. The outcome of surgery there-
fore, should be judged, among other things, by the presence and severity of
this syndrome in the post-operative period. To place these data 1in perspec-
tive, a review of the Literature on surgical therapy of angina is provided in
chapter 2. As discussed in chapter 3, it has become apparent over the vyears
that the perception of the severity of angina pectoris is changeable and very
difficult to guantify. Still an attempt has been made, to analyse the data on
this complaint, although it is realised that it is fraught with errors as sim-
plifications are required when large numbers are to be judged.

Improved survival has by now become an important issue to justify bypass

surgery. A multivariate amalysis of the factors which dinfluence survival is



provided in chapter 4., For comparison, the survival probability of the general
population in the Netherlands, matched for age and sex, has been related to
the data of the patients under study. In chapter 5 the evolution in post-oper-
ative chest pain is documented, while the results of re-operations of pa-
tients who underwent their primary operation at the Thoraxcenter, are discus-
sed in chapter &, In chapter 7 a correlation is sought between the presence of
pain in the c¢hest and the extent of vascular involvement in the pre- and post-
operative angiograms. Patency of the grafts and progression of disease in
relation to post-operative pain is discussed as well in these chapters.
Chapter 8 contains a general but e¢ritical discussion of bypass surgery in an
attempt to view, from all angles, the relative merits and disadvantages of
this currently so popular procedure.

This study would not have been pessible without the generous heip of our
patients. First by their part in the design of the guestionnaire and later by
their responding to it in such lLarge numbers. To emphasize that this material
ultimately relates to the specific problem of the individual patient, the his-
tories of & patients are represented in a detailed but compressed form.
Their stories reflect, better perhaps than statistics, what it means to have a
"BYPASS OPERATION".

Patient 1: Mr. P., 17-11-1930.

Mr. P., a sales representative at a beer brewery, had been healthy until 1971,

when he experienced a heavy pain in the left arm while geing from a warm en—
vironment dinte the cold. This happened for the first time on a December
evening, while going outside after dinner. It repeated iJtself later but the
pain always subsided in a few minutes. In 1972 he woke up several times at
night, with this same pain, radiating to his chest, lasting 5-6 minutes. Ni~-
troglycerin did not influence the pain duration or pain intensity. On exami-
nation in 1972 he was 10 kg overweight and had slLight hypertension. The elec-
trocardiogram showed a possible old inferior wall infarction. An exercise tol-
erance test was terminated because of anginal pain at 50% of the expected
work load. Treatment was started with beta blocking agents, however, the com-
plaints persisted, A cardiac catheterization was performed in October 1972.
Narrowing of 2 coronary vessels was found with depressed Lleft ventricular
function. Nearly a year Later, after he tost 8 kg of his overweight, an aorto
coronary bypass operation was performed and 3 grafts were finserted. In the

post-operative period he suffered multiple pulmonary emboli, but he recovered



well and could be discharged on the 12th post-operative day. Since then, he

has had no anginal pain, the exercise tolerance as subjectively experienced,
improved and as objectively measured was near normal in May 1974. Although the
electrocardiogram did show ischemic changes at maximal exercise, he did not
have precordial pain. He was able to resume his work at the brewery, he
gained his lost weight back and he is able to play a game of tennis once a

week. He does not feel Limited in physical activities and considers himself
cured.

pPatient 2: Mrs, W-D., 21-10-1929.

Mrs. W. was sent to the out-patient clinic in 1972 by her family physician,
because of pain in the chest. It was experienced at rest, radiated to the left
shoulder and neck, and lasted 15-45 minutes. She was told to take bedrest dur-
ing the lLast 3 weeks before the consultation. Stitl, pain attacks occurred
nearly daily without any reaction to nitroglycerin. On physical examination mo
abnormalities were found. The electrocardiogram was consistent with a subendo-
cardial infarction, age unspecified. Mobilisation was advised. Subsequently
pain developed with slight exertion, and during perjods of emotional stress
but not at rest. Treatment with a beta blocking agent was started. She
continued to feel badly: tired, with pain in the chest, sometimes lasting the
entire day, sometimes a few hours. Her validity was estimated at class III of
the New York Heart Association Classification.

In 1975, after many hesitations on her side, a cardiac catheterization
was performed. Two vessel coronary artery disease was found, with a left
dominant system, a totally occluded right coronary artery and a 90% narrowed
Left anterior descending branch. Half a year lLater a2 vein graft was placed
between this artery and the aorta. She recovered without complications and was
discharged 12 days after the operation. However, at home her cld complaint of
tiredness returned, while pain in the chest was experienced as well. The pain
did have a relation to exertion and lasted sometimes a few minutes, but
sometimes hours. Her wvalidity was judged te be c¢lass II, her exercise
tolerance was 78% of what could be expected. Her mood seemed depressed. In
1979 the complaints ted to a re-catheterization, showing normal Left
ventricular function and an open bypass graft, while the recipient artery was
totally occluded proximal to the anastomosis. There were otherwise no signs of
progression of disease in the native coronary tree. Since then she continues

to have pain complaints and she feels limited in her activities. Treatment



with beta blocking drugs was re-instituted in 1981 with slight improvement.
The operation is technically a success but subjectively, this success is only
partial. Her complaints are now +60% of what they used to be pre-operatively,

she has Less pain, but she remains just as tired,.

Patient 3: Mr. H., 05-02-1925.

Mr. H., came to the out-patient ¢linic for the first time in March 1975 be-

cause of an oppressive feeling in the chest, experienced with slight exertion
since 2 weeks. In 1969 he suffered a myocardial infarction with an uneventful
recovery. He had been able to resume his work as a filing clerk in subsequent
years. At the first consultation hypertension was found. Treatment was insti-
tuted with nitroglycerin p.r.n. and a beta blocking agent 4 times a day. Symp—
toms decreased although angina pecteris could be elicited with heavy exercise.
He was able to resume normal activities. During that period a healthy son was
born and he was enjoying his domestic Llife.

Four months tater, in August 1975, he presented himself for admission be-
cause of pain attacks Llengthening in duration, with a slow reaction to nitro-
glycerin. They had occurred at rest during the previous night. A diagnosis of
impending infarction was made and treatment started with the intra—zertic bal-
Loonpump. At cardiac catheterization, a left main stem narrowing of 753% and
normal left ventricular function was found. Two days after admission he re-
ceived 2 bypass grafts. Recovery was good and he was discharged in 2 weeks.
However at home he again ekperienced pain at slight exertion. A re-catheter-
ization showed one nearly closed graft and one severely narrowed graft. Re-
operation was performed in October 1975, After that, he started to.feeL better
and was able to join a cardiac rehabilitation program. He resumed his work for
5 hours a day. Except for anti-hypertensive treatment he did not need any
specific medication wuntil 1978 when angina pectoris re-occurred. This time it
was mild in character and treatment was restarted with beta blocking agents.
He was able to continue working half time. An exercise test showed decreased
exercise tolerance at 70% of normal, the Limitation being general tiredness
and not pain in the chest. In 1980 he was admitted to the corcnary care unit
for observation of upper abdominal pain. No cardiac ischemia could be docum-
ented. He continues to come to the out-patient clinic once every few months.
When questioned as to how he feels now, he reported that he felt improved as
compared to before the first operation. He is happy to have been operated on

but still has anginal attacks at + 20% of what he had pre-operatively. He is



satisfied with his condition now, and does not want an extensive re-

evaluation.

Patient 4: Mr. H., 20-02-1932.

Mr. H., a foreman in an ironscrap-yard started to experience an oppressive
pain substernally in 1969 at age 37. Originally it occurred only with heavy
physical work, later while walking outside at the vyard directing others. The
pain tasted 4-5 minutes and always subsided at rest. In 1974 an exercise test
showed an exercise capacity of 60% of normal, the limitation being pain in the
chest. The ECG showed ischemic repolarisation changes while he had pain but
was normal at rest.

Treatment was started in 1974 with nitroglycerin, Llong-acting nitrates and
beta blocking agents, He refused cardiac catheterization because he felt bet-
ter with treatment <{exercise tolerance increased to 80% of the norm}. Also
his wife did not want him to and he was afraid of the oprocedure. In his
family, his father had died at 46 years of age of a myocardial infarction and
his 3 wuncles all had had infarctions and/or periods with angina pectoris. He
was able to continue to work and in 1976 his condition improved to the extent
that he rarely needed nitroglycerin, while that had been necessary 5-6 times a
day hefere.

In 1978, during the winter time, the pain attacks increased in frequency
(8-10 per day) and the pain lLasted Llonger. S$till he experienced it only at ex-
ercise and never at rest, The 1immediate reason for returning to the hospital
was a severe pain attack while he was emptying the flooded cellar of his
riverside home. A Lot of fear had been caused by this experience as he had
been unable to leave the cold, wet, darkness of the cellar for quite a while.
The subsequently measured exercise tolerance was however the same as in 1976;
he reached 80% of the norm, but the pain started at a lower Level. A coronary
angiogram was proposed and accepted after a long talk with the couple., At
cardiac catheterization in December 1978, he was found to have a normal Left
ventricular function and a significant stenosis in two of the 3 major coronary
vessels. Three months later 3 bypass grafts were inserted. Post-operatively he
had transient rhythm disturbances but otherwise no prcoblems, One month after
the operation he was readmitted because of substernal pain at rest which did
not subside with nitroglycerin, Lasted 20 minutes and was more severe than he
had ever had before. No myocardial necrosis had occurred according to the

emzyme tests, and a Thallium scintigram was normal. Treatment was reinstituted



with beta blocking agents, later & calcium blocking agent was added. He was
able to participate in a cardiac rehabilitation program but he felt unable to
resume his work. In December 19792, 9 months after the operation, the medic-
ation could be decreased but he felt depressed, slept badly, lost all dnitia-
tive and hardly left his house. He required psychiatric help. Any pain in the
chest, be it traumatic or in the scar threw him into a mental panic. Yet he
did not experience the same angina pectoris as he did before the operation.
His exercise tolerance was excellent. Now, in 1983, he 1is feeling well
physically, but he has Lost his job and he feels incapable of being regularly
employed. He remains anxious and seems to have changed in the Last years from
a capable, levelheaded man into a very insecure, hesitant person. Objectively,

the operation has been a success but has it subjectively?

Each of these & patients had different complaints, each coped with them in
their own way, yet all were severely restricted in their activities by angina
pectoris before the operation. The recovery from surgery in the post-operative
periocd was initially without problems but in the Long run 3 patients developed
recurrence of comptaints, while 2 had severe mental problems. As can be seen
by the wvaried responses of just these 4 patients, which are altready hard to
quantify, it 1is clear that each of the 1041 patients in this study had their
own individual reaction pattern. In an effort to put it all into numbers, so
that & quantitative analysis would be possible, generatisations were
necessary. It is simply impossible to represent for all 1041 individuals the
different shades of gray in which they might paint their condition. As long as
it is realised that this study is apout human beings, all willingly particip-
ating, those simplifications have to be accepted. In the next chapters the

analysis is therefore performed on the condensed, impersonal, data.
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CHAPTER 2.

REVIEW OF THE LITERATURE ON SURGICAL THERAPY OF ANGINA PECTORIS.

The description of angina pectoris dates frem 1768 by William Heberden in a
Llecture before the Royal College of Physicians. It was published irn 1772 under
the title: "Some account of a disorder of the breast". This description con-
teins all aspects of the disease a2s we know it today(1): The oppressive feel-
ing in the breast causing anxiety, the relation to exercise, meals, the
mate sex and older age. It is all there, yet it was probably a rather rare
disease, mainly found in the more prosperous individuals. That changed in the
1920"s when the current epidemic of coronary heart disease began. Angina pec-
toris lost its predilection for the more prosperous people and started to in-
volve younger and younger men from the entire population. Paul budley White,

2 comments

in an article on the historical background of angina pectoris
on this change, which must have happened early in his career.
The relationship between the complaint angina pectoris and diseased coronz-
ry arteries has been known for a long time as well. Caleb Hillier Parry extend-
ed the pathologic observations of Jenner in 1785 to a patho-physiotogic con—
cept 1in 1799 (3). He postulated: "a quantity of hlood may circulate through
the arterijes, sufficient to nourish the heart as appears, in some instances,
there may probably be less than what is requisite for prompt and vigorous ac-
tion. Hence ... when an unusual exertion is required its powers may fail under
the new and extra ordinary demand'. Those concepts, formulated at the end of
the 18th century, form the basis of our traditional understanding of effort
related chest pain in cobstructive coronary artery disease. They form the basis
as well for present day surgical intervention. However, the earliest attempts
at surgical therapy 1in angina pectoris were not directed at the blood supply
to the heart but at the pain perception by cutting the nerves transmitting the
pain stimuli from the heart to the brain. This type of operation was first
performed by Jonnesco in Bucharest in 191647 | He extirpated the cervical sym—
pathetic chain bilaterally and removed the first dorsal ganglia. This approach

was fotlowed by many others. Preston estimates that 1000-3000 patients under-—



went this type of procedure over a time span of 50 years(S), Operative mortal-
ity was on average 10%, white 70 to 85% of the patients were improved after
the operation. However it was noticed that late mertality in these patients
was high, 50% in 2,5 years having been reportedté). The procedure faded away,
not because it was ineffective, but by lack of enthusiasm. Attention was drawn
away Ly the idea that the approach should be more physiolegic. If pain occcurs
because of lack of oxygen due to a decrease in blood supply, then the bleod
supply should be increased.

The greatest proponent of increasing the blood supply to the heart was
ClLaude Beck, a surgeon from {leveland, Ohic (7). His work was based on many
animal experiments in which he created artificial pericarditis resulting 1in
inflammation tissue with ingrowth of blood vessels. Next he implanted muscle
grafts from the pectoralis major, the muscle acting as a supplier of blood to
the inflamed pericardium. In 1935 he performed the first operatien in man and

(8-9). Modifications were used in the manner in

many have followed since then
which the pericarditis was started: mechanic abrasion, talcum powder, bone
dust, magnesium silicate, asbestos etc. and in the type of graft used: omen-
tum, ilung, skin etc. But the basic idea remained the same: to increase corona-
ry circulation by producing inflammation. feit, the cardiologist working with

Beck, reported on 37 patientscg)

, and was the first to find objective means in
describing the post-operative condition. He used the Master two—-step exercise
test and compared the number of trips possible before and after operation.
Improved were 83% of the 23 survivors. Operative mortality was 38% idn this
first series, this fell Later, with increased experience, to less than 10%.
Feil was also the first to compare survival of the operated patients with
the average duration of Life in sufferers of angina pectoris as reported in
the Literature. This example was guickly foltowed by others and thus started
the practice of measuring survival of operated patients against "known™ survi-
val of those with "similar" disease as it is still done today, a comparison
which remains difficult at best.

At the same time that Beck performed his epicardial irritant operations,
others directed their attention to the coronary sinus. It was reasoned, that
Ligation of the coronary sinus would hasten the development of the coronary
anastomotic system,thus increasing myocardial blood supply. This type of oper—
ation was first performed by Fauteux(TO) in Boston who combined it with peri-
coronary neurectomy. Later, Beck added the venous lLigaticn to his pericardiatl
abrasion. The next step was to arterialise the coronary sinus, performed by

Roberts ‘110 in 1943 and again by Beck in 1948 (12). They postulated, that

10



blood with an arterial pressure would expand flow in the corgnary sinus and
thereby increase retrograde flow to the myocardium. To produce this, a vein
graft was needed, cornecting the aorta with the heart, The basis of modern day
coronary surgery was introduced with that concept.

The arterialisation of the coronary sinus in itself never gained much popu-
Larity because two operations were necessary: one to Ligate the coronary sinus
and one to place the graft. This carried a high mertality with it. Moreover,
the evaluation of the operative results remained a problem. As Harken said in
1958:"whenever an operation is advanced for the treatment of angina, one must
start out with the assumption that the patients are relieved if the authors
say so"(13). He said this in connection with Ligation of the internal mammary
artery to increase blood supply to the heart and relieve pain. That operation
had been proposed by Fieschi in Italy in 1939 because of the ease of perform—
ing it under local anesthesia, In fact it was employed by many over a short
time. Among others, Battezzati et al (14 reported on 304 patients with 91%
symptomatic improvement at 1 month after the operation and actually 4% showed
cbjective improvement by electrocardiographic criteria.

Many investigators were not convinced by the physiologic basis of this
operation, which led to two independent double blind trials: cne by Cobb et al

(15) 4nd one by Dimond et aL(16). These two studies are among the few double

blind trials dnvolving surgical technigues. In Cobb's study(15)

» 17 patients
were involved, & underwent ligation, 9 a sham cperation. Follow-up time ranged
from 3 to 15 months, 5 out of the 8 ligated patients and 5 out of the 9 non-
ligated patients reported significant improvement. Striking improvement was
seen 1in 2 patients, both non-iigated, with disappearance of the abnormalities
on the electrocardiogram at exercise tests, which had been previously observed
in the same patients. Dimond (16 reported on 18 patients, 13 Lligated, 5 non-—
ligated. Improvement was reported by 10 of the Ligated and 5 of the non-
ligated patients, Here again, excercise tolerance idincreased and nitroglycerin
consumption decreased in all 5 non~Ligated patients. Follow-up lasted from 1
to 6 months. Both authors concluded that the improvement in pain could only
be caused by the psychological effect of surgery.

The results of these studies are of great interest because they afford an
opportunity to study the placebo effect of surgery on angina pectoris. The
placebo effect is any treatment or aspect of treatment that does not have a
specific action on the patient's symptoms or disease ({definition from

any

Shapiro It plays a role in any encounter of a patient with a medical

person, be it a doctor, a nurse, or paramedicat personnel. Assuming that in

11



the above cited double blind trials, the procedure was in itself nct active -
then 35 patients were invelved of whom 25 (71%) showed improvement from an es-
sentially useless therapy!

The next step in the efforts to increase blood supply to the myocardium was
made by Vineberg, who proceeded 1in 1950 to implant a bleeding mammary artery
into a2 3 to 4 cm tunnel burrowed into the myocardiumtls). It was hoped that
a cotlateral circulation would develop between the implanted artery and the
coronary sinus. After it had been shown by coronary angiography that coliat-
erals could indeed develop, this procedure became rather popular in the
1960%s. Surgical mortality ranged from 3-10% with an overall subjective im-
provement of around 85%(19). Several investigators however found that improve=-
ment did not correlate with patency of the implanted artery or formation of

collateral circulation(19,207

Clinfcally econtreiled trials were not performed

In the mean time thoughts about the mechanisms causing angina pectoris de-
veloped further. In 1959 Levine postulated that a localised Lesion was the es-—
sential part of the difficulty (21, wif additional blood supply is brought
in by any means, such as by the use of irritants .... or by new collaterals,
anginal pain could be alleviated only if the ailing parts were improved'". From
that concept evolved the direct attack on the stenosed coronary artery. First
via endarterectomy by Bailey et al in 195?(22) and later, after the technigue
of selective coronmary angiography was developed by Sones, via patch grafts

around the lesions 23

erd

. Again an improvement in 65% of the patients was re-
porte . From the vencus patch graft to the use of the reversed saphenous
vein graft from aorta to corcnary artery was a lLogical step., Both Favalorc and
Johnson started with this operation in 1967, and reported on it in 1969(24’25).

In the Netherlands, surgery for angina pectoris started in 1965 in
Nijmegen(26). At first a modification of the Vineberg procedure was used. In
1969 a saphenous vein graft was inserted for the first time. At present +6000
patients are operated on per year in this country, nearly all with vein graft
implantations.

Thus, surgical treatment for angina pectoris has been going on for nearly
70 years. AlLL procedures showed subjective improvement in 60-80% of the pa-
tients, although follow-up time was often short. Double blind evaluation was
performed for just one procedure and showed that improvement might have been
caused by placebo effect or the natural course of the disease. At present, it
is not considered ethical to perform sham operations, but these results ob-
tained in by-gone years with procedures now regarded as useless, should be

kept- in mind while evaluating present day operative preocedures.
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CHAPTER 3.

THE RELIABILITY OF THE QUESTIONNAIRE AS EMPLOYED IN THIS STUDY
FOR THE ASSESSMENT OF ANGINA PECTORIS.

He who fears he shall suffer
Already suffers what he fears

Montaigne, Essays 1580-88

3-~1: INTRODUCTION

Coronary artery disease is not a static but a dynamic process with progres—
sion and regression of sclerotic Llesions (1_2). Angina pectoris (AP) as a
complaint can appear, spontaneously disappear, remain stahble or become more
severe, A myocardial infarction can occur in a patient with hitherto stable
angina pectoris, with, after recovery from the acute event, often a changed
pattern of symptoms(3'4). Thus, appraisal of symptomatic condition after coro—
nary bypass surgery is only possible by studying large numbers of patients. In
this study it was chosen to employ a questionnaire as a means to reach many in
a standardised manner. Via the guestionnaire we obtained informaticn from 1041
patients who had had consecutive operations. This information concerned post-
operative condition, subjective complaints such as pain in the chest and dys-
pnea, and a comparison of the post-operative condition with the condition of
the patient before the operation. The data from the questionnaire were fur-
thermore correlated with those obtained from personal dnterviews with a

selection of the studied patients.

3-2: METHODS

The questionnaire contained 7 seperate questions directed at different
aspects of possible complaints (for complete text, see appendix):

a. the occurrence of pain on the chest during the previous half year

b, the circumstances provcking pain

c¢. the fregquency of pain complaints

d. the severity of anginal complaints in comparison to befcre the operation

e, a possible symptom free interval after the operation
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f. the pain in scar tissue, either in the chest or the teg(s)
g. a Limitation of activities by physical complaints.

Seventy-six patients were chosen at random to come to the hospital for a
personal interview. Via the cLéssica& history-taking technique(s) it was deci-
ded if angina pectoris was present during the previous half year or not. These
interviews were conducted by the same physician, in a standardised manner,
without knowledge of the patient's answers to the questionnaire. The type of
chest pain was classified according to the criteria employed in the Corona-

6y

ry Artery Surgery Study Typical angina was defined as substernal

discemfort precipitated by effort or emotion, subsiding at rest or with ni-
trates within 10 minutes. for simplicity's sake atypical angina pectoris was
classified as angina pectoris as well i.e. pain Llocalised in the chest, but
not necessarily substernal, nitroglycerin not always effective, pain duration

not fit the above descriptions, in other words when the pain was unrelated to

effort, was unrelieved by nitroglycerin, and/or iasted longer than 20 minutes.

3~3: RESULTS
Of the 977 surviving patients, 8 had moved away from the Netherlands. In total
969 forms were sent of which 920 (95%) were returned.

The first question, regarding pain on the chest experienced in the pre-
vious half year, was answered by all respondents: 434 (47%) stitl had pain,
486 (53%) not. The answers to the second half of the gquestion on circumstan—
ces eliciting the compltaint, are Listed in table 3-1. 0f the respondents re-
porting pain, 352 (81%) experienced this during emotional stress and 146 (34%)
at rest. As pain can be provoked by different causes in the same individual,
the total adds up to more than 100%. The severity of the post-operative pain
was judged to be decreased after surgery by 332 individuals reporting pain,
36% of the total number of respondents. They and the pain free individuals
{53%) together 8%9% can be regarded as improved.

Pain in the chest Limiting physical activities was reported by 256 patients,
9 of which did not have the same angina pecteris as before the operation but
did repert pain in the chest scar. These last 9 patients could not be subdivi-
ded according to the ¢ircumstances, which precipitated the pain but the other
247 could, as shown 1in table 3-1. It is worth noting that the distribution
over the various activities is very similar in the group with the Limitation
to that found in the entire group with pain.

As to frequency of pain attacks, in 85 (20%) patients it occurred daily
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TABLE 3-1

CIRCUMSTANCES DURING WHICH PAIN ON THE CHEST WAS EXPERIENCED FOR THE
TOTAL GROUP WITH ANGINA PECTORIS AND THE GROUP WITH LIMITING COMPLAINTS

Pzin present Pain Limiting activities
N=434 N=256
rest 146 (34%) 107 (42%)
Light activities 91 (21%> 75 (290
medium activities 315 (73%) 205 (807
heavy work 318 (73%) 206 (80¥D
emotions 352 (814 210 (82%)
unspecified -— g (4%
TABLE 3-2

PAIN ON THE CHEST LIMITING PRYSICAL ACTIVITIES, IN RELATION TO
THE FREQUENCY OF ATTACKS.

Frequency of Pzin Limiting activities
pain attacks N=256

daily 68 7%

several times a week 95 (3774

several times a month 46 (267

seldom 24 (90

not analysed 3 (1%

256
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and in 132 (30%) several times a week. Therefore,217 or 50% of the 434 indivi-
duals reporting pain attacks, experienced this Less than weekly. Combining the
subjective feeling of being Limited in activities by pain, with the frequency
at which pain is experienced gives the data Listed in table 3-2. Apparently 90
individuails, 35% of those who feel themselves Limited in physical activities,
experience pain seldom or only a few times a month.

The answer to the question concerning the comparison between pain before
the operation and pain at present, afforded an analysable result in 413
instances, that is 95% of those with pain. In 21 cases (5%) the answers were
conflicting. These data were not analysed. In total, 332 individuals still had
pain, but felt improved, or 77% of those with pain regarded it as less severe
now, as compared to before the operation.

At the dnterviews of the 76 randomly selected patients, 41 were considered
by the interviewer to have angina pectoris, while 44 reported pain in the
questionnaire. In table 3-3 it can be seen that the interview agreed with the
questienpaire in 65 instances (86X4), In seven cases, the patient reported on
the questionnaire to have the same pain in the chest as before the ocperation,
while the interviewer classified this as pain, probably not angina pectoris,
in 5 cases and twice as a mistake made in filling out the form. Four times,
the patient reported no pain in the c¢hest on the guestionnaire while in 3
instances the history was that of (mitd) angina pectoris, and once a mistake
was made. In total, 3 questionnaires of these 76 1interviewed patients were
filled out erroneously (&%), Sensitivity of the questionnaire 1in relation to
the interview was therefore 90% (37/41) and the specificity was 80% (28/35).

Improvement was found 1in 34 patients, 83% of those with AP. They judged
their complaints to be in severity a mean of 34% (range 1 to ?20%) of what

they had experienced pre-operatively.
TABLE 3-3

ANGIMA PECTORES AS EVALUATED FROM THE QUESTIONNAIRE AND THE
INTERVIEW IN 76 RANDOMLY SELECTED PATIENTS.

Physician's interview

Questionnaire AP present AP Absent Total
Angina pectoris present 37 7 L
Angina pectoris absent & 28 32
Total 41 35 76
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3~43 DISCUSSION

Angina pectoris formed the primary indication for aorto-coronary bypass sur-
gery. It foltows therefore that the absence or presence of angina pectoris in
the postoperative period should be the primary indicator for a succesful ope=-
ration. However, the {iterature appraising the Long-term results of surgery
seldom addresses this topic. One generally finds discussions of operative

(7), long~term survival probability (8‘10), patency of the grafts

(13-14)

mortality

(1=12) | excercise capacity

(153

, signs of myocardial ischemia on Thallium
scintigraphy etc. Reports on postoperative angina pectoris are rare (16-18)
This is probably because angina pectoris is hard to quantify because no stand-
ardised methods exist. Any study of the occurrence of AP is therefore open to
criticism, whereas measurements of exercise tolerance or patency of grafts are
obtained via well known and reascnably standardised techniques. In the few
studies of post-operative AP, a different method was used each time. In one
instance this was the information of a patient's physfcian(16>, in another a

a8 ;5 the third, a standardised set of questions an

a personal interview,
was used. Not one of these studies contained more than 350 patients.

It was decided to use a questionnaire in our study because 1t provided a
means of reaching a large number of patients. Moreover, all subjects were
known to have coronary artery disease Wwith complaints of angina pectoris in
the past. This made a specially designed set of questions, using these past
experiences preferable to employing, for instance, the Rose questionnaire,
which was developed for screening chest pain in the normal population (19).
However it has to be realised that angina pectoris is a syndrome of complaints
and not a patho-physiologic diagnosis. The perception by the subject of
the signals arising in the chest 1is an important factor in defining the

o and within

syndrome. This perception c¢an vary from patient to patient
the patient as well (21). thanges in weather, in emotional stress, in the
amount of activity undertaken, in concomitant disease, might all vary the sub-

jective symptoms of angina pectoris(21)

, not to speak of the generally recog~
nised tendency of patients +to please their physician and surgeon. The
variation in complaints within a given patient and the difficulty in recognis-
ing, Let alone quantifying angina pectoris make it difficult indeed to gather
meaningfull data on pain.

Other investigators have made attempts at objectivity by performing exer~
cise tests before and after surgery. Performance during an exercise test how~
ever is also influenced by subiective matters, both from the side of the pa-

L22)

tient and from the testing personne . This is, for instance,illustrated by
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the improved excercise tolerance post-operatively in patients subjected to Li-
gation of the mammary artery. In a well-documented study, 17 subjects with se~
vere pre-operative AP underwent an operation which is now considered worthless
and yet were able to exercise better afterwards (23). The dmprovement was
ascribed to higher expectations both from the patient and from the bystanders
and possibly also to the natural course of the disease. But the fact remains
that objective data are not available in the patients reported on in our
study.

Furthermore the guestions 1in our study were posed in such a format which
made it possible to List only activities causing complaints and not those
which could be performed without Limitation. It is possible that the approach
via the negative side gives an underestimation of what the individual can do
in daily tife.

Atthough the method of obtaining data via guesticnnaire does not necessari-
Ly Lead to the same conclusion as a physician's interview, it did make it pos-
sible to study a large group of patients. The response to the questiconnaire
was good: 920 (95%) of the 949 patients who could be expected to answer, did
so., Furthermcre the answers to the several guestions related to pain seemed
consistent: when pain was reported to Limit physical exercise, pain was also
stated toc be present in unrelated guestions. A discrepancy existed only in 5%
of the answers, Also, the agreement between the conclusions of the personal
interview with the random sample of patients and the questionnaire answers of
86%, seems acceptable., Comparison of the answers obtained via both metheds
showed a sensitivity of 90% and a specificity of 80%. Differences were seen in
both directicns, i.e. pain was reported but not present according to the in-
terview and pain was reported to be absent while it did occur. The perscnal
interview did show wp erroneocus answers in 4% of the questionnaires. It seems
to be unavoidable that some matters will not be properly understood if there
is no chance for personal clarification. This last point is a definite dis—
advantage of questioning from a distance. Moreover, in retrospect it is in an
omission that no data were gathered on the reproducibility in filling cut the
form,

Improvement in severity of angina pectoris after the operation was reported
by the majority of the respondents: 89% of the total group. Of the 434 indivi-
duals with post-operative AP, improvement occurred in 332 or 77%. This com-
pares well with the results of the interview, where 41 patients had AP and 34

(83%) felt improved. This improvement was considerable as evidenced by the
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percentage of severity of current pain when compared to the pre-operative
state: 34% on average with .a range from 1 to 90%.

Unexpected in the pain history was, that many patients felt their pain
complaints to be a Limitation to physical activities although they did not
experience pain frequentiy. As 1dis idllustrated in teble 3-2, pain was
experienced not more than several times a month by 90 individuals, 21% of the
total group with angina pectoris, yet it was perceived as a Limitation.
Probably pain was avoided, thereby restricting the subject dn activities.
This also shows that & simple count of attacks to grade the severity of the
angina pectoris does not afford 2 reliable result 1in judging the outcome of

bypass surgery.
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APPENDIX IA.
QUESTIONNAIRE FOR OPERATED CARDIAC PATIENTS

Concerning pain in the chest

1-

puring the previous half year, have you requiarly experienced

pain in the chest, as you did bhefore the operation? yes/no

If yes:(more than one time is possible)

- with Light physical activities, Like washing, dressing yes/no
- provoked by effort or emotion yes/no
~ With moderate physical activities, Like walking outside

when it is cold yes/no
- with heavy physical activities, tike cycling in cold

weather, working in the garden, etc yes/no

- at rest, while sleeping in bed or sitting in a chair yes/no

Only if pain was experienced: How many times do you have pain in the chest?

every day/ a few times a week/ a few times a month/ seldom/ never.

Only if pain was experienced after the operation.

The pain in the chest:

- disappeared at first, came back later, but tess than before the operation.
- disappeared at first, came back later, the same as before the operation.

- disappeared at first, came back later, worse than before the operation.

- did not disappear, but it is Less than before the operation.

- did not disappear, it is the same as before the operation.

- did not disappear, it is worse than before the operation,

- when the pain came back, was there a symptom free interval

after the operation, if so, for how long? csesayear

Have you taken any medication for pain in the chest in the Last few months?
yes/no

If yes:

- seldom (once a week or Less}

- now and again (* once a day)

- regularly (more than once a day)
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5- Were you admitted to a Coronary Care Unit after the operation? ves/no
If yes: how many times? wuwena Times
6= Did you have a second heart operation? yes/no
If yes: when? R
7- boes the operation scar still bother you in the lLegs? yes/no
or in the chest? yes/no
8- Do you feel Limited in your physical activities? yves/no
If yes: why?
pain in the chest/ dyspnea/ tiredness/ pain in legs/ something else.
Concerning work
40- were you employed during the last half year before the operation yes/no
11~ Do you work now? yes/no
If yes: completely/ partial
If no: retired/ unfit to work (WAO,WW)
12- Smoking habits:
cigarettes/ cigar/ pipe.
Did you smoke in the year before the operation? yes/no
bo you smoke now? yes/no
13- Eating habits:
Were you on a diet for cardiac patients before the operation? yes/no
Are you now on a diet for cardiac patients? yes/no
14— Suppose you had to take the decision to be operated on again,
presuming you were in the same condition, at the same age
as then, would you Let it be done? yes/no
15- Are you satisfied with the treatment at the Thoraxcenter
after the operation? yes/no
16— Remarks.,
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APPENDIX 1B.
VRAGENLIJST VOOR AAN HET HART GEOPEREERDE PATIENTEN.

Betreffende piin op de borst.

f=

Heeft u het laatste half jaar nog regelmatig pijn gevoeld,

zoals u die ook voor de operatie had? ja/nee

z0 ja: (meerdere ja's zijn mogelijkt}

= bij Lichte Lichamelijke bezigheden, zoals wassen, aankleden ja/nee
~ bhij emoties of spannende momenten ja/nee
- bij matig zware arbeid zoals doorlopen buiten in de koude ia/nee

- bij zware arbeid zoals fietsen buiten in de koude, werken
in de twin, etc ja/nee

- in rust, zoals 's nachts in bed of zittend in een stoel ja/nee

Alleen bij pijn invullen: hoe vaak heeft u pijn op de borst?

iedere dag/ paar maal per week/ paar maal per maand/ zelden/ nooit.

Alleen bii pijn invullen: de piin op de borst is na de operatie:

- eerst verdwenen, lLater terug, maar minder erg dan voor de operatie
- eerst verdwenen, Later terug, even erg

- eerst verdwenen, later terug, maar erger

- niet verdwenen, maar minder erg

- niet verdwenen, even erg

- niet verdwenen, erger

- als de pijn terug is gekomen, hoe Lang na de operatie? ..-jaar

Neemt u de laatste maanden tabletten bij aanvallen van pijn

op de borst? jalnee
- zelden (1x per week of minder)

~ zo nu en dan *+ 1x per dag

- regelmatig, meerdere malen per dag

Bent u na de operatie nog op een hartbewakingsafdeling opgenomen

geweest? ja/nee
zo ja: hoe vaak? pp— el
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é- Heeft u na de eerste cperatie nog een tweede operatie aan het hart

ondergaan? ja/nee

zo ja: wanneer? 19eans

7= Heeft u nog last van uw operatie Littekens in de benen? ja/nee
in de borst? jalnee

8~ Voelt u zich beperkt in uw bichamelijke activiteiten? jalnee

zo ja, waardoor?

pijin op de borst/ kortademigheid/ vermoeidheid/ pijn in de benen/iets anders.

9= Bent u na de operatie lichamelijk actiever dan ervoor? jalnee

Wat werk betreft

10- Werkte u in het Laatste half jaar voor de operatie? jalnee

11= Werkt u nu? jalnee
z0 ja: volledig / gedeeltelijk

zo nee: gepensioneerd / afgekeurd (WAQ, WW).

12— Rookgewoonten: sigaretten, sigaren, pijp
Heeft u in het jaar voor de operatie gerookt? ja/nee

Rookt u nu? jal/nee

13~ Eetgewoonten
Volgde u voor de operatie een soort dieet voor hartpatienten? ja/nee
(vetarm, dieet margarine, etc)

Volgt u nu een dieet voor hartpatiente? ja/nee
14— Als u weer, zoals jaren geleden, voor de bslissing zou staan
om zich te Laten opereren, zou u het dan weer doen, aannemend

dat u weer zo oud was als toen? ja/nee

15- Bent u tevreden over de opvang in het thoraxcentrum na de operatie. ja/nee

z0 niet: dan graag toelichten onder 16.

16— Eigen opmerkingen, mag ook op een apart vel.
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4=1: ABSTRACT

To determine their prognosis, the first 1041 consecutive patients who under-
went an isoclated aorto-coronary bypass operation in the same institution since
it openad in 1971, were followed for up to 10 years. The mean follow-up time
was 3.5 years. The probability of survival at 5 years was 94 + 2% (95% confi-
dence Limits). This was similar to the survival of the general Dutch popula-
tion matched for age and sex.

Muttivariate survival anaiysis with the proportional hazards model, did re-
veal a retation between the rate of death and sex and age at operation which
was, however, not significant. There was a trend to a higher death rate with
more vascular involvement (rate ratio of 3 vessel - versus 1 vessel disease of
1.9, N.8.) and a significant association with a ‘tow ejection fraction (EF)
(rate ratio EF <£0.30 versus EF = 0.55 of 2.9, p<{0.05).

Though surgery seems to eradicate the poor Long-term cutlook for patients
with more serious vascular disease the adverse influence of decreased Left

ventricular function on survival is not changed.

Keywords: aorto-coronary hypass surgery, survival, coronary artery disease,

Left ventricular function,

4=2: INTRODUCTION

Aorto-coronary bypass surgery as a possible treatment of severe angina pector-
is, has become an accepted concept(1'3). Apart from symptomatic relief and im—
proved cardiac function, a return to normal Life expectancy after the opera-
tion was hoped for from the outset, hut the latter was hard tc prove. Studies
of survival in patient groups randomized to either medical or surgical thera-
py, have shown that patients with stenosis of the main stem of the left coro-

nary artery have a better Life expectancy with bypass surgery(A'S)

. The same
is true for patients with three vessel disease’®s7) and possibly, for some
subsets of patients with two vessel disease(a'g).ln the analysis of results it
became clear as well, that operative mortality, skill of a particular surgical
team and setection criteria dinto the study, were major determinants of

am

outcome . It is therefore of interest to study long-term results of aorto-

coronary bypass surgery, not just in groups of selected patients, but also in
consecutive series of patients from one department. This study describes the
survival in such a series and attempts to elucidate which pre-operative

characteristics might influence Late survival,
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4-3: METHODS

ALl 1041 consecutive patients who underwent a first aorto-coronary bypass
operation between February 1971 and June 1980 provide the basis for this stu-
dy. Pre-operatively, all had angina pectoris stable, or unstable, despite
intensive pharmacological therapy. Excluded were those patients with addition-
al surgical interventions such as valve replacement. Clinical characteristics
of the series are presented in table 4-1.

At catheterization a vessel was considered diseased when a luminal diameter
narrowing of 50% was seen in a major coronary artery in more than one pro~
jection. This resulted in a classification of 1, 2, 3 or Left Main coronary
artery disease. Ejection fraction (EF) was calculated, where possible,
with the area tength method adjusted for single plane view (11'12). Values
of 2 0.55 were rated as normal (N), = 0.30 as poor (P); and 0,31 - 0.55 as
moderately impaired (M.

TABLE &4-1

CLENICAL PROFILE OF PATIENTS IN THIS STUDY.

Number of patients 1041

males 915 a88%

females 126 12%
Age males, mean 52.6 Sb 7.7
Age females, mean 55.5 sp 8.2

piseased 1 vessel 192 19%

2 vessels 320 31%

3 vessels Lh4 42%

Left main 85 8%

Ejection fraction = (.55 600 58%

0.31 - 0.55 248 242%

= 0.30 27 2%

unkrown 166 16%
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At operation the aim was to bypass all proximal Lesions in the major coro-
nary arteries, making the revascularisation as complete as possible. As the
years went by, the surgical team became more experienced at this, as evidenced
by the average number of implanted grafts per patient which rose from 1.33 in
1971, to 2.17 in 1975 and 3.04 in 1980.

Follow-up was via direct contact or, after a search in the civil registry,
via a telephone conversation either with the patient or the general practi-
tioner. At the reference date, August 1981, the follow-up was complete for vi-
tal status in 1035 (99.4 %) of the patients. For the six patients lost to fol-
Low-up, the Last date of an out-patient c¢clinic visit was taken as the last mo~
ment of being alive in the analysis. Length of follow~up ranged from 1~10
years, the average was 3.5 years. Mortality was subdivided intc operative mor-
tality when it occurred within 28 days of surgery and late mortality, when it
occurred subsequently. The cause of death was determined via contact with the
treating physician or autopsy report where available.

The survival data were analysed by the Kaplan Meier method of actuarial

survival probability (13).

Since survival generailly depends on more than one
factor, multivariate survival analysis was performed. A stepwise non-linear
algorithm of the Cox proportional hazards model was used to select varisbles
that predicted survivaL(14).ThE following variables were considered: age at

operation, sex, number of pre-operatively diseased vessels, pre-operative

ejection fraction and number of grafts placed at operation.

4=4: RESULTS

A total of &4 (6.15%) patients died during follow-up. As presented 1in table
4-2, operative mortality (12 patients,1.2%) constituted one fifth of the total
mortality. Operative mortality was slightly higher for women: 2.4% versus 1.0%
for men. However this difference was not statistically significant.

Of the 52 lLate deaths, 39 (75%) were cardiac: 17 were caused by an acute
myocardiat infarction, 15 were sudden, 3 were due to congestive heart failure
while 2 occurred during re-operation for recurrent angina pectoris. In only 13
instances (25%) was the late death non-cardiac: twice a suicide, 5 times car-—

c¢inoma and 6 times from various other causes.
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TABLE 4-2

MORTALITY AND CAUSES OF DEATH.

| total| % |women] % |men | %
number of patients | 1041 100 § 126 ]100 | 915 {100
operative mortality ( 28 days)| 12 [1.2 | 3 12.4 | ¢ |1.0
Late mortality | | I | | |
cardiac, sudden [ 15 114 | 2 1.6 ] 13 1.4
cardiac, at re-operation | 2 0.2 | - | | 2 [0.2
cardiac, infarction I 17 1.6 | 4 3.2 | 13 |1.4
cardiac, chronic failure I 510.5 | -] | 5 |0.6
non-cardiac [ 13 113 | 1]0.8 1 12 |1.3
! I | [ | |
total mortality, all causes | 64 6.2 | 10 18.0 | 54 |5.9

As appears from figure 4~1, the actuarial survival probabitity at 5 years
was 94 + 2% and at 8 years 90 + 4%. Corresponding survival probability of the
general population in the Netherlands, matched for age and sex, would have
been 94,6% at 5 years and 90,0% at 8 years(js). In figure 4=-2 the influence
of pre-operative vascular dnvolvement on survival is shown. Patients with 1
vessel disease had a 5 year survival probability of 94 + 4%, with 2 vessel
disease of 96 + 3%, with 3 vessel disease 92 * 4% and with left main disease
88 + 6%. At B years, this was respectively: 92.5 + 6% , 93 + 5%, 88 + 7% and
T o+ 21%.

Pre-operative ejection fraction was clearly related to survival. As can
be seen in figure 4-3, survival probability with a normal EF at 5 years was:
95 + 2%. For those patients with a moderatly impaired EF it was: 92 + 4% and
with a poor EF: 83 + 17%.

35



Survival probability in 1041 patients
after coronary bypass operation.

i
zz ™ Te—— s
>
25 90
[
fu gg
e | T T T T 1
i 0 1 ] 3 § 5 6 7 8
years after operation
N 1041 1006 775 552 379 220 164 101 54
$ survivat 100 97 96 95 94 94 92 91 90

Figure 4-1.

Probability of survival 4in total patient group plotted against time after
surgery: at 5 years 94%, at 8§ years 90%. N denotes number of pa%ients alive
at the end of each year. The asteriks show the expected survival at 5 and
8 vyears of the general butch population matched for age and sex, at 5 years:

94.6% a8t 8 vyears 90.1%. The vertical bars represent 95% confidence Limits.
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Effect of ejection fraction on survival.
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normal EF
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Figure 4-3.
Probability of survival for patients with normal, moderately impaired and poor
ejection fraction, plotted against time after surgery. At 5 years this is

respectively: 95%, 92% and 83%. The vertical bars represent 93% confidence

Limits.
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Multiveriate analysis was possible in 875 patients for whom all information
was available. In this group 51 deaths (5.9%) occurred. Excluded from analysis
were the patients with incomplete data: the 166 without a calculated EF. The
number of deaths among these Llast patients was 13 (7.6%). The results of
the analysis are expressed as rate ratios, i.e. the death rate (expressed
as number of events per unit person-time of follow-up) in a particular cate-
gory divided by the death rate in a reference category given that other
characteristics entered in the survival model are equal. From the rate ratio
point estimates presented in table 4~3 it can be seen that age and sex were
importaht predictors of survival, although not statistically significant. Vas-
cular involvement did show a trend of increased death rate the more extensive
the disease proved to be, resulting in a rate ratio of 2.7 for Lleft main stem
disease compared to 1 vessel involvement. This difference was again, not sig-
nificant.

Ejection fraction did have a statistically significant influence on survi-
val probability {(p<0.05), with a risk ratio of 2.9 in those patients with a
poor EF. The number of grafts placed at surgery varied according to the number
of vessels diseased. As can be seen in table 4~4, there dis no difference in
the number of grafts placed per disease group between those patients who sur-
vived and those who died. This overall impression of equality was supported by
the multivariate analysis: the number of grafts per patient appeared not to be
a relevant predictor of survival probability. A summary of post—operative re-
sults from other centers is shown in table 4-5 with the data from Rotterdam

added as comparison.

4=5: DISCUSSION.

It is remarkable, how similar the survival of surgically treated patients 1in
(6,16,17)
r

the various reported series appears to be despite the differences
which presumably exist in inclusion criteria and in population. In the centers
reporting just surgical data, mostly of consecutive series of patients, the
survival probability varied at 5 years from 97% to 87%. In these centers the
operative mortality was low, recently being Less than 2%, while it was 10%
before 1970 (16,170 | therefore the 1.2% reported in our series falls well
within that range as does the late survival with 96% to 88% at 5 years.
Survival showed a slight downward trend, when the coronary artery disease
was more severe, although this was not statistically significant. Extent of

vascular invelvement is a significant predictor of survival 1in medically
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TABLE 4-3

RATE RATIO FROM COX'S REGRESSION
ANALYSIS OF SURVIVAL (N = 875).

Variable N rate ratiox P

age at ogperation:

<50 yrs 321 1.0
50 - 60 yrs 408 1.3 NS

>60 yrs 146 1.7

sex: women 99 1.0
men vs women 776 0.6 NS

vascular involvement:

1 vessel 161 1.0
2 vessels 267 1.2
3 yessels 374 1.9 NS
Left main 73 2.7

Ejection Fraction:

2 0.55 600 1.0
0.31 - 0.55 248 1.7 < 005
=01.30 27 2.9

ve = yessel. EF = ejection fraction

rate ratio = incidence of mortality in one group divided by the incidence

in the group with which the comparison is made.
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TABLE 4-4

NUMBER OF GRAFTS PLACED IN SURVIVORS AND NON-SURVIVORS.

Vascular | _number of grafts/patient
disease [ .survivors  |non-survivors]
| (n=977) i {(n=64)

1 wvessel | 1.4 | 1.4

2 vessels | 2.1 | 2.3

3 vessels | 3.0 3.4

LK 1 3.5 | 3.3

TABLE 4-5

FIVE YEAR SURVIVAL IN SEVERAL SURGICAL SERIES.

Inr. of

1

|patients | 1 vessel|2 vessels|3 vessels|iM

Cleveland (Cosgrove) (16) | 4391
Houston, St Lukes, Texas (6)| 846
Birmingham, Alabama (17} | 1800
Rotterdam | 1041

| 97%
| 94%
I 9s%
| 94%

|
I
|

F4%
Q4
88%
96%

914
93%
89%
g2%

| 88%
| -

| 87%
| 88%

LM = Left Main disease.
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treated patients(?'18'19)

. Surgery therefore, seems to eradicate pre-operative
vascular disease as a risk factor for decreased survival postoperatively. This
has been found as well by Detre et al.@® and kirklin et at.'7? but not by
Lawrie et al.@1) | In this last study, reporting on 10 year survival, the pa-
tients were operated on before 1974, when revascularisation was Less complete
than it 1is at present. This might be an explanation for the discrepancy in
resutts of bPetre and Kirklin.

Multivariate analysis of the usual risk factors 1in our patients showed no
significant relation between survival and age at operation, sex, vascular in-
volvement and number of grafts placed at operation. With the exception of age
at operation these findinmgs are in accordance with those reported in the Liter-
6,20,22)

ature Since so few older patients were included, it is possible that
the influence of age could not be ascertained. Only 5 (D.5%) of the studied
patients were above 70 years of age and 168 (16%) above 60 years, Furthermore
it has to be realised that the multivariate analysis had a Low statistical
power due to the relatively Low total mortatity: 64 patients (6.2%) died out
of the 10471 included in the study.

The finding that the number of grafts placed at surgery does not influence
tate survival 1is again evidence that the severity of pre-operative vascular
involvement as a risk factor is changed by surgery, since the more vessels are
involved, the more grafts will be placed.

Pre~operative ejection fraction, however, did 1influence Llate survival
markedly. This has been observed by many others, both 1in straight surgical
seriest172 2V and in the vA randomized study 20 Burggraf 19 and  Mock

et al. @3

reported that in medically treated patients EF 1is the strongest
predictor of survival, even stronger than the number of diseased vessels. It
may be postulated, therefore, that when Left ventricular function is compromis-
ed, extensive scarring in the ventricular wall will be present. This condition
cannot be altered by increasing the bloodflow to the scar. Thus, the benefi-
cial effect of the bypass is lLimited unlike that in ischemic myocardium, which
is rendered less ischemic by flow through the bypass graft. Since, after sur-
gery, Left ventricular Ffunction is hardly changed, as described by Hugenholtz
et aL.CZA) in a subset of these patients, a poor EF remains a risk factor even
after bypass surgery, while the risk connected to the number of diseased ves—

sels is changed by surgery.

The evaluation of results after aorto-coronary bypass surgery has evoked much

discussion. Ideally, each targe surgical center should have done a randomized
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study. However, this was not possible because of public clamour for operations
even before evaluation was completed. Lacking the data for evaluation from
each institution, those data arising in randomised studies elsewhere, might
be used. The ongoing studies are the Veterans Administration Cooperative
Study (VA  study) (&) s the European Coronary Surgery Study Group
(Ecs$6) <77 and the National Heart, Lung and Blood Institute Coronary Artery
Surgery Study (cAsS) (23 p problem with the analysis 1is the high operative
mortality (5.8%} in the VA study, rendering the survival in surgically treated
pattents Lower than js usual in other series and the restrictive dnclusion
criteria in the ECSSG. These criteria are stable angina, involvement of 2 or
more coronary arteries and a normal EF. Thus the many patients with unstable

complaints or a low EF who have a known lower survival probability (19,23}

are
excluded. Moreover, inclusion in a randomized study takes place at the moment
of randomization while, in straight surgical series, it occurs upon entering
the operating theatre, thus creating different starting points. In the case of
CASS, so far only the data on 3 year survival of patients with Left main coro~
nary artery disease have been published, confirming increased survival after
surgery(S). In table 4-6 are Listed the 5 year survival data from the VA study
and the ECS$SG. As can be seen, the survival is higher in the operated group
than in the medically treated group for patients with 3 vessel- and left main
stem-disease, Moreover, it is evident that the higher operative mortality in

the VA hospitals has an adverse effect on the long-term results.

TABLE 4-6

FIVE YEAR SURVIVAL IN TWO RANDOMIZED STUDIES.

|nr.of | | | |
Treatment | patients |1 vessel |2 vessels |3 vessels | LM
VA-Cooperative (27) | | | |
medical | 354 | 88% |  87% | T76% i
surgical | 332 | 93% |  79% | 82% |
European CSSG (28) | | | i |
medical | 373 | | 87% |  81% | 67%
surgical | 395 | | 91% | 94% | 89%

LM = Left Main disease.
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Confounding the evaluaticn of survival after aorto-corcnary bypass surgery
is the changing mortality of coronary heart disease in the Last 10 years. In
the USA, mortality has decreased by ZSZ(ZQ)and in the Netherlands probably by
15%(30), rendering comparison with historical series from the 1960's of Limit-
ed value. Therefore, as a standard against which results can be measured, data
from the contemporary general population matched for age and sex must be ‘used,
as Greene(31)and kKirktin®17) have done. In theirs, as well as in our study,
8 year survival of the total patient group was the same as that in the gener-
al population. However, this cannot be taken as direct evidence of the thera-
peutic efficacy of bypass surgery. Therefore, as in other straight surgical
series, the data from our study do not prove that aorto-coronary bypass graf-
ting improves Life expectancy in individuals with angina pectoris due to coro-
nary artery disease, It can be concluded however that Life expectancy
with surgery as performed in our institution is quite good and possibly better
than without surgery in those patients who had a decreased Life expectancy due
to severe coronary artery disease i.e. triple vessel or lLeft main stem dnvol-
vement and who had severe angina pectoris originally. Symptomatic treatment of
anginal complaints with aorto-coronary bypass surgery remains therefore a
therapeutic option with acceptable risks, provided the operative mortality is

Low.
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5-1: ABSTRACT.

The incidence of angina pectoris (AP) after bypass surgery was assessed 1in
1041 patients operated consecutively between 1971 and 1980. Of the 977 survi-
vors, 920 (94%) participated in the study with a follow-up time varying from 1
to 10 years (mean 3.5 yrs). Post-operative angina pectoris was present at one
year in 277 patients (30%), at 3 years in 46%, at 8 years in 50%. The pain Li-
mited usual physical activities in resp. 17.5%, 30% and 25%. None the Lless,
89% of the respondents felt improved by surgery. Factors without predictive
value for late outcome were sex, number of pre-cperative diseased vessels and
pre-gperative ejection fraction. A correlation was found between post-opera-
tive AP and younger age at surgery in the males only (p<0.001); between AP
and patency rate of the bypass graft (p<{0.003) and with the status of the co-
ronary arterial tree at three years post-operatively (p<{0.001) in both sexes.
The percentage of patients with recurrent AP increased with time after surgery
up to three years, but remained stable thereafter., In conclusion, post-opera-
tive AP seems initially related to decreased funmctioning of the bypass graft,

Later to progression of coronary sclerosis in the native circulation.

Keywords: coronary artery bypass surgery, angina pectoris, graft-patency,

progression coronary sclerosis.

5-2: INTRODUCTION.

Aorto-coronary bypass surgery as treatment of angina pectoris was introduced
in 1968(1’2). Since then,it has become an accepted procedure particularly when
pharmacological management has failed to relieve the symptoms. Today, large
numbers of patients have been operated upon with more then 85% symptomatic im-
provement in the first year after surgery (3-5) But, as more time elapsed
after the operation, angina pectoris has recurred in an appreciable number of

6-1

patients . This study reports on the re-occurrence of chest pain during a

post-operative follow-up, of up to 10 years in 920 patients out of 1041 pa~
tients consecutively operated at the Rotterdam Unijversity Hospital. Pre-opera-
tive characteristics determining lLate outcome were sought for. Moreover an an-
alysis was made of specific causes, which might explain or predict the return

of symptoms in the post-operative period.
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S~3: Material and Methods.

Patient selection: ALL 1041 patients who underwent isolated aorto-coronary by-

pass surgery from the time of opening of our institution in February 1971 to
May 1980 were included in the study. ALL patients were symptomatic before ope-
ration despite intensive pharmacological therapy. The anginal complaints could
be either stable or unstable. Those patients undergoing Left ventricular aneu-
rysmectomy or valve repair in addition to the bypass operation, were excluded.
At the reference time, May 1981, 64 (6.2%) of the patients had died. The 977
survivors were sent a questionnaire to ascertain their post-operative condit-
ion. Of these, 920 (94%) returned their forms. They comprise the study popul-
ation (table 1). This group consisted of 109 women, aged 35.5 + 8.2 years and
811 men aged 52.6 + 7.7 years. ALL patients were operated by the same surgical

team. Follow-up time varied from 1 to 10 years with a mean of 3.5 years.
TABLE 5-1
RESPONDENTS TO GQUESTIONNAIRE CONSTITUTING THE STUDY POPULATION,

SHOWN IN RELATION TO THE TOTAL NUMBER OF PATIENTS OPERATED
CONSECUTIVELY FROM 1971 TO JUNE 1980.

| | | I

| total | men | women |

l | | i

! | | !

Alsve | 977 | 861 | 116 |
respondents | 920 (94.2%) | 811 (94.2%)] 109 (94.0%)|

I | | |

Died | 64 T I 10 I
peri-cperative | 12 (1.2%) | 9 (1.0%) | 3 (2.4%) |
Late | 52 (5.0%) | 45 (4.9%) | 7 (5.5%) |

| ! | |

! | | l

| ! I I

Total operated | 1041 | 915 | 126 |
| | I |

Respondents to guestionnaire shown as percentage of those alive in May 1981.
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Pre-operative catheterization: ALl patients underwent & pre—operative right

and left=heart catheterization with selective coronary angiography. Coronary
artery stenosis was judged to be present when a Luminal narrowing was seen of
50% or more in the diameter of one of the major coronary arteries in more then
one view. The main stem of the Left corcnary artery was graded separately from
the anterior descending and circumflex branch of this artery.

Ejection fraction (EF)} was calculated from the left wventricular angiogram
in the right anterior oblique projection with the area Length method adjusted
for single plane views(11'12). A normal (N) EF was considered present if it
was 2>55%, a poor (P) EF if £ 30% and a moderately decreased (M) EF when > 30%
but <I55%.

Post-operative catheterization: Recatheterization was performed at 1 and 3

years post-operative in 169 patients with near consecutive operations between
1976 and 1979. This recatheterization was carried out as part of an ongoing

national study, irrespective of complafnts(13)

. The coronary angiograms were
first analysed for patency of the aorto-coronary bypass. In addition the coro-
nary score was calculated as described by Leaman et al in 1981(14), which was

based on a3 scheme accepted the by American Heart Association(15)

. This score
takes into consideration the amount of Luminal diameter narrowing both in the
native coronary arteries and in the aorto-coronary bypass. Mereover it is
weighted according to the expected flow te the left ventricle in each coronary
vessel, The score thus represents the "resistance” to the expected blood flow
to the myocardium. The place of anastomosis of the bypass on the coronary ar-
tery determines which segments of the coronary tree are reached with flow from
the bypass as welk as the segment which cannot be reached because of dinterve-
ning stenoses, thus providing the opportunity to correct the score after by—
pass surgery. The coronary score varies between 0 in normals and 50 in severe

three vessel disease.

bData storage and analysis: Data concerning pre-operative catheterization, num-

ber of grafts placed at operation, post-operative catheterization, when avail-
able and subjective date from the gquestionnaire were stored using MUMPS on a
PPP=-11 computer. The nature of this data handling system makes it possible to
combine data originating in various sub"departments(16) of the cardiology and
the thoracic surgery division. For each patient, 46 items were stored. Analy=

sis was performed with sorting programs written in BASIC and executed on a
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Hewlett Packard 85 micro-computer. Statistical testing was done with the Hew-
Lett Packard statpack Chi-square contingency test (1?), the Mantel-Haenszel
test (18) the Friedman's two way analysis by rank (19 and the Wilcoxons rank
sum test{19)

5-4; RESULTS.

At follow-up, angina pectoris <{(AP) was present in 434 (47%) individuals. Of
the 109 women, 60 or 55% experienced AP and of the 811 men, 374 or 46%. The
difference in the occurrence of post-operative angina pectoris between men and
women, 46% versus 55%, was not statistically significant (X2=3.O?,p=0.0?9).
The data for both sexes were therefore pooled for further analyses unless
stated differently.

With regard to severity of the pain in the chest: of the 434 individuals
with post—-operative angina pectoris, 332 (or 36% of the total population) had
Less severe complaints after the operation than before. The complaints were
reported to be "as bad or worse than before” by 81 patients. These 81, and
the 21 patients, who provided unspecific replies constitute 11% of the total
population. They were regarded as unimproved by surgery. On the other hand,
we found that 486 patients were pain free, while 332 patients described their
anginal complaints as less severe, Thus, 818 (89%) of the total group can be
regarded as improved.

The various circumstances under which post-operative AP was experienced are
listed in table 5-2. It is possible for an individual to have complaints pro-
voked by more than one event, causing the absolute number of patients to be
larger than the total who reported pain. The high fraction with pain provoked
by emotion is noteworthy: 38% of the total and 81% of those with pain 1in the
chest. Angina pectoris '"never disappeared” after the operation in 111 of the
220 patients (12%), as shown in figure 5-1. This fraction was stightly higher
in the early years of this study. In 24 (17%) of the 140 patients operated in
the years 1971 through 1975, AP never disappeared, while of the 780 operated
between 1976 and 1980 this was in 87 (11%) the case, The difference is sig-
nificant (x2 = 4.012, p<0.05).
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TABLE 5«2

EVENT DURING WHICH ANGINA PECTORIS WAS EXPERIENCED
BY THE 434 PATIENTS REPORTING SYMPTOMS.

Event |no.of patients|% of respondents!% of group with AP|
| n=920 1 =434

At rest 148 16% 34%

I

!

!
Light physical |
work (dressing, |
t

|

!

bathing) 91 10% 21%

Medium physical

work (walking

outside,shopping)| 315 34% 3%

Heavy physical |

work (bicyeling, |

gardening) | 318 35% 73%
38% 81%

I
|
I
I
I
I
I
I
I
I
I
I
I
|

I I
| |
! E
| I
I I
I !
I I
| I
I I
! |
I l
I I
I I

Emotions ] 352
|

AP = angina pectoris.
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PATIENTS WITH ANGINA PECTORIS,

PERSISTING AFTER OPERATION
30 5

A PATIENTS AT RISK:
28 28 41 43 9 161 178 245 102

# OF THOSE OPERATED IN EACH YEAR

.'71 ' — .' . : I :?. 3 : ;| _'80
+772 73 74 75 76 77 78 79

(BMTHS)
YEAR OF OPERATION

Figure 5-1,
Patients with post-operative angina pectoris, persisting after surgery, ex-
pressed as a percentage of those operated on in that year. In the 140 patients
operated before 1976, pain persisted in 24 (17%), of the 780 patients operated
thereafter this occurred 87 times (11%). The difference dis significant
at p<0.05.
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The incidence of AP in the years following operation increased steadily from
16% at 3 months to 46% at three years. No further dincrease in the number of
symptomatic patients in the population at risk is evident after three years
(fig. 5-2). Not only the occurrence of AP showed a trend in time, the severity
of complaints did so as well. Angina pectoris, sufficiently severe to Llimit

physical exercise is shown as a percentage of the population at risk.

ANGINA PECTORIS LIMITING EXERCISE
vs YEARS AFTER CABG

PATIENTS AT RISK:
920 920 703 476 314 175 122 81 48

£ 4 on
= fan]
3

[
o
A

% OF PATIENTS WITH ANGINA PECTORIS

weuige YEARS AFTER OPERATIOM
ANGINA PECTORIS PRESENT, NO LIMITATION
V7] ANGINA PECTORIS, LIMITING EXERCISE

Figure 5=2.

Number of patients with angina pectoris at yearly intervals after aorto-
coronary hypass surgery. The number of patients at risk dindicates those
followed up to the end of that year. Symptoms are subdivided into pain Limit-

ing physical activities and pain experienced but not Limiting activities.
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The number of the individuals experiencﬁng pain, which did not dnfluence
their daily activities, was rather constant at 15%. The inc¢rease in the num-
ber of patients with pain in the first three post-operative years is seen in
the group which feels it as Limiting their activities. To study the influence
of age at operation on the post-operative results, the total population was
subdivided in 4 age groups: younger then 40 yrs., 40 - 49 yrs., 50 =59 yrs.
and 60 yrs. and older. The incidence of AP in men was 58% for the youngest,
55% and 44% for the two middie groups, against 33% in the o¢ldest. This age
trend was highly significant (p < 0.001 I8 | no trend coutd be discerned in
in the women (see fig.5-3).In those males who feel Limited by pain, there is a
trend with age as well: the younger the age at operation the higher the in-
cidence of AP Limiting physical activities {p < 0.005). This age trend is,

again, not seen in women (p = 0.848).

Anatomical correlates:

Pre-operative vascular disease varied from involvement of 1 vessel in 171
{18%) of the patients, to 2 vessels in 291 (32%), 3 vessels in 386 (42%) and
the Left main stem in 72 (8%). In table 5-3 it can be seen that post-operative
angina pectoris ranges from 48% in patients with 2 vessel disease to 42% in
those with a lesion in the main stem of the Left coronary artery. Analysed
with the Chi-sqguare contingency test, these observed differences could only be

attributed te random variaticn (p= 0.78).

Pre-operative ejection fraction
In table 5-4, the occurrence of post-operative AP is demonstrated between
groups with various ejectieon fractions. There appeared to be no statistically
significant difference, even when the worst group, those with a poor EF, were

tested versus the group with a normal EF {(p = (0.09).

There 1is no significant difference in the number of grafts placed at surgery
in those who Llater experienced angina pectoris compared to those who did not
(table 5-5).
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TABLE 5«3

POST-OPERATIVE ANGINA PECTORIS (AP) IN RELATION TO PRE-OPERATIVE
NUMBER OF STENOSED VESSELS, AS REPORTED BY 920 PATIENTS.

Stenosed Vessels Ipatients with AP |patients without AP|
I I !
1 vessel [ 8t (LT%) ! 90  (53%) |
I I I

2 vessels | 141 (487 | 150 (52%)
| I I
3 vessels | 182 &7 | 204 (53%> |
I I
LM 30 &2 | 42 8%y |
| |
| I

total 434 (474 486 (53%)

These differences are not statistically significant (X2 1,07 p=0,78)

LM = Left Main coronary artery.
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TABLE 5-4

POST-OPERATIVE ANGINA PECTORIS (AP) IN RELATION TO
PRE=OPERATIVE EJECTION FRACTION.

Ejection Fraction Ipatients with AP|patients without AP

Normal 256 (&7 287 (53%)

|
I I
| I I
I I I
Moderately | 92 (43%) | 120 (56%) ]
impaired | | I
Poor | 15 65%) | g (350 [
I I I

Unknown | 71 50%) | 71 (50%)
! I I
total | 434 (47%) } 486 (53%3 |

These differences are not statistically significant when tested

for Normal versus Poor {(p=0.0%9).

TABLE 5-5

POST-OPERATIVE ANGINA PECTORIS (AP) AND NUMBER OF GRAFTS PLACED AT
OPERATION IN RELATION TO THE NUMBER OF STENOSED VESSELS PRE-OPERATIVELY.

Stenosed vessels Number of grafts / Patient

I I
I I
| patients with AP | patients
| | without AP |
1 vessel |  1.44 | 1.27 |
I I I
2 vessels | 2.32 | 2.10 i
| I I
3 vessels !  3.36 | 3.52 |
I I I
LM | 3.17 | 3.26 1

LM = Left Main coronary artery.
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Patency of the grafts.

In table 56 it is shown that the patency rate in the 169 re-catheterized
patients is 74% at cne and 71% at three years for those with AP after the ope-
ration. This 1is significantly Lower than the observed 85% respectively 83% in
the patients who did not have pain (p<0.005). On the other hand, 17% of the
grafts were closed three years after the operation in those patients who did
not complain of angina pectoris., Patency rate, overall, was 79% at one year
and 76% at 3 years after the operation. Patency rate did not differ
significantly in relation to age: at 3 years it was 78% in those 40 yrs of
age., 79% at 40 - 49 yrs, 76% at 50 - 59 yrs and 74% at 60 yrs and older.

TABLE 5-6

GRAFT PATENCY AT 1 AND 3 YEARS AFTER OPERATION, IN PATIENTS WITH AND WITHOUT

ANGINA PECTORIS, IN A SUBSET OF 169 PATIENTS WITH 2 RECATHETERIZATIONS.

jnr. of grafts patent/nr. of grafts placed]

Patients with AP AP absent
(n=98) (n=71>

| | |
| ! |
1 year post-op. | 1897225  T4% * | 155/182 85% |
| f |
| | I

3 years post-op. 181/255 7% * 151/182 83%

Post-op. = post-operative
% significantly less often patent. 1 year X2 = 7.737 p = 0.005
3 year X2 = 8.359 p << 0.005

Coronary score
The mean pre-operative score in those tater suffering AP was calculated to be
13.8,SD 8.0, In those without Late AP a mean of 14.2, Sb 7.0 was found. These
differences were not significant. Surgery towered the coronary score in both
groups. At one and three years post-operatively the mean score in the AP group
was 6,4, 5D 4.0 and 9.3, Sb 6.5 respectively. In the asymptomatic group,
these values were 4,7, $D 4,0 and 4.8, 8D 5.1, as illustrated in figure 5-4.

With two way analysis of variance it could be concluded that surgery Lowered
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the coronary score significantly at one and three years post-operatively in
both the symptomatic and asymptomatic group (p«£L0.001). At the first post-
operative study the difference in coronary score between groups did not reach
statistical significance (p= 0.,07), however at the second pcst-operative study
the coronary score in the group with AP was significantly higher than in the

asymptomatic group (p<0.001, by Witcoxon's ranmk sum test (19))_

—
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NS NS P<0,001

; f

] 7
PREOP l 1 YR POSTOP 3 YRS P&STOP
BYPASS OPERATION

~-= TIME

Figure 5-4.

Mean coronary score, determined pre-cperatively and at 1 and 3 vyears post-
operatively, in the group experiencing AP and the group without AP at the
reference date. Number of patients indicates those catheterized 3 times, with
follow up data on AP via questionnaire. The coronary score worsened signifi-
cantly in AP group between 1 and 3 years postoperatively (p<0.001), which did
not happen in the group without AP.
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5=5: DISCUSSION.

Loss of improvement late after aorto-coronary bypass surgery was first com~
mented on by McNeer in 19?4(28). He reported a drop in angina free patients
from 62% at one year to 53% at 2 years post-operatively, as seen by yearly
follow-up of 260 patients. Campeau et al &2 also found a detericration of re-
sults. Their patients experienced anginaz at one year after operation 1in 38%,
at 3 yearsin 45% and at 7 years in 63%. In a 7 year follow-up by Cameron et al
@n angina recurred at a Linear annual rate from 21% at one year to 37% at 6
years with an increase to 50% at 7 years. The only large scale European study
with foilow-up data is that of the European Coronary Surgery Study Group(ZZ)
showing angina pectoris 1in the surgical group at one year in 42% and at 3
years in 51%. These results, seen in the first three post-operative years, are
similar to ours and are, given the initally favorable resutts,in fact disap-
pointing. However, we did not see a continuation of the increase 1in symptom—
atic patients beyond the third post-operative year.

One possible shortcoming in  this study was the fact that a gquestionnaire
was used to assess the postoperative state. As all patients suffered angina
pectoris before the operation, it ctould be expected that after surgery these
same patients would be able to recognise their old complaints. Therefore, if a
patient reported symptoms similar to these prior to surgery, angina pectoris
was assumed to be present. Nevertheless we realize that a guesticnnaire rather
than an interview could be the cause of some misinterpretaticns.

A second shortcoming might be that this is not a lLongitudinal study of
individual patients, but a sample of a large patient group at one moment. Thus
it is possible that a patient at first experiences mild recurrence of angina,
and only Llater severe symptoms. As a consequence, the symptoms are classed as
severe and the mild period is missed. Similarly, the 53 patients who regquired
re~operation, were categorised according to their condition after the second
operation thus missing cross-over from severe symptoms to their present im—
proved state, In this respect, the late mortality in our population is note-
worthy as well. In total, 52 patients (5%) died during the follow-up period of
s mean of 3.5 years, an average death rate of 1.4% per year, As it is not
known if these patients had post-operative AP or not, they have been omitted
from the analysis. Assuming that they did have AP, a bias has been introduced,

albeit not a very lLarge one, favoring the group without complaints,
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A third criticism might be that the timing of the gquesticnnaire Lled to sep-
aration 1in time between the answers to the questionnaire and the moment of
re-catheterization. We elected to do this, hecause it made a comparison pos=-
sible with patients who were not re-catheterized, as the history was obtained
in the same manner in all 920 studied patients. The mean interval between the
return of the questionnaire and the moment of the iast re-catheterization was
7.7 months. As the number of patients reporting recurrence of symptoms 1in the
third and fourth post~operative year was respectively 7 and 2% {(fig.5-2), the
error introduced by this time gap seemed acceptable. Neither of these three
possible sources of errors can however, explain why the Loss of improvement
was Limited only to the first three post-operative years.

The exact causes of angina pectoris after aorto-coronary bypass are still
unclear. Several investigators have commented on early failure after surgery

8,9 and Later toss of improvement after an apparentiy successful, initial

operation(6'7’10). The following five possibilities have been put forward:
(1) poor functional state of the bloodvessels, (2) dimpaired ventricular
function prior to surgery, (3} insufficient revascularization at surgery, (4)
closure of the bypass graft or,(5) progression of coronary sclerosis in either
the bypassed artery or the unbypassed arteries resulting in a loss of blood
flow to the myocardium during the post-operative period. These possibilities
will be discussed in relation to the findings of this study.

The first 3 factors could not be shown to influence Late symptoms, since
the difference 1in prevalence of post-operative AP did not reach statistical
significance in respect to pre-operative number of stenosed vessels, pre-oper-
ative ejection fraction, or number of grafts placed at operatiocn. However,
the cardio-surgical team's amount of experience did seem to influence results
as evidenced hy the slightly higher percentage of patients in which the pain
persisted after surgery in the years before 1976 compared to Llater. Thus, in-
sufficient- revascularization due to technigue may bear a relation to post-
operative angina pectoris.

Related to surgical technique is point 4, the ¢losure of the bypass graft.
As Bourassa et al @3} have shown, early ctosure, within one month of surgery,
is clearly influenced by technical factors and due to thrombosis in the graft.
It commonly coccurs in 12-15% of the grafts. Late closure, from 1 to 12 months
post-operatively, is caused by fibrous intimal proliferation which is seen in
5-15% of atl grafts. Closure after 1 year is rare. An attrition rate of 1-2%
per year has been reported. It is often seen as a progression of a formerly

localised stenosis or, rarely, as a new athero-selerotic lesion 23,24
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In our patients, no data are available on the patency immediately after the
operation. At one year, overall patency rate in the recatheterized subset of
patients was 79%, 74% in those with AP and 85% in these without, thus showing
a correlation between closed bypass grafts and angina pectoris, This fact is
in accordance with findings for instance in the Veterans Administration <Co-—

25)

operative Study . Between 1 and 3 years after the operation 2-3% of the by-

pass grafts closed in our patients, very similar to the reported attrition

rate eLsewhere(23’24)

. But the percentage of patients with angina increased
from 30% at one year to 46% at 3 years, which clearly cannot be explained by a
Loss in patency of the grafts.

In terms of the assessment of progression of coronary artery sclerosis, the
coronary score was chosen to express the potential extent of reduction of flow
to the myocardium. The higher the score, the higher the degree of stencsis in

the more proximal arteries. As reported before(14)

, the Level of the score did
not correlate directly with the severity of angina pectoris but the score
could be used to evaluate the effect of surgery by comparing the pre- and
post—operative figures in the same patient, while it also indicated progres—
sion or regression of coronary sclerosis in the vessels not touched by the
surgecn. In our study, the coronary scere was lowered markedly by surgery,both
at 1 year and at 3 years after surgery, suggesting that surgery indeed improv-
ved blood flow to the myocardium and that this result was maintained in the
course of three years. In those patients with post—operative AP, the score in-
creased significantly between the two post—-operative studies, while this did
not happen in those without AP. The change in score at that time cannot be ex-
plained by the attrition rate of the bypass: 3%, respectively 2% of the grafts
closed in the two intervening years 1in the group with and without AP. Thus,
only progression of atheroscleresis in the native coronary vessels can explain
the increased score., This leads to the conclusion that Llate post-operative AP
is related to the progression of coronary artery sclerosis.

The influence of zge at the time of operation on post-cperative angina pec-
toris, has not been commented on by others. In this study, younger men fared
worse regarding post-operative angina pectoris than older men. It has been
shown by Xramer et aL(Zé)‘that coronary sclerosis progresses faster in men be-
Low the age of 50 years than in older individuals, This could be the reason
why post-operative angina pectoris was more often seen 1in the younger age
groups, although it has to be realised that the complaint angina pectoris was
an entirely subjective one, No objective data on exercise tclerance are avail-

able in these patients. It is not unreasonable to presume that older individu-
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als undertake less physical activity and therefore experience Less AP. Why
this age-trend did not occur in women is unclear.

Progression of coronary sclerosis not only shows a retation to age, but
to elapsed time as well. Both Kramer et al$28)and Bruschke et al @7} showed
this in a study of unoperated patients, while in postoperative patients it has
been demonstrated by Campeau et aL(6). In this f{ast study there was a clear
correlation between progression of sclerotic disease and post-operative angina
pectoris. These findings make it all the more remarkable that we did not find
an increase in the incidence of angina pectoris beyond the third post—oper—
ative year (fig. 5-2), One would have expected that, with more time elapsed
after surgery, new stenoses would be formed with more angina pectoris as a

result,

In conclusion, aorto-coronary bypass surgery remains a significant addition
te the management of patients with severe angina pectoris, even with present
day pharmacological therapy. Improvement after surgery is common, but angina
pectoris at late follow-up occurred in nearly half of the patients, especially
in younger men. When angina pectoris persists after surgery, incomplete revas-
cularization is usually the reason. On the other hand, deterioration after the
first post-operative year is mainly caused by progression of coronary scle-
rosis,

These findings should give cause to rethink the present day tendency to
operate on young(er) patients, often with minimal symptoms, to "prevent" fu-
ture complaints. As Long as progression of coronary sclerosis cannot be

arrested, “"preventive" surgery would seem to be unwarranted.
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6-1: SUMMARY.

of 1041 patients with consecutive aorto-coronary bypass operations, 53 {(5.2%)
underwent a re-operation during a mean follow-up time of 3.5 years. Operative
maortality of first operations was 1.,2%, of re-operaticons 3.8% {(NS). The anato-
mical reason for re-operation was failure of the bypass graft in 41 (77%) pa-
tients, in 18 accompanied by progression of disease. Progression only was seen
in 7 (13%). When symptoms occurred within & months after the first operation,
failure of the bypass graft(s) was nearly always found, in 32 out of 36 in-
stances this was the case. Progression in non-bypassed arteries was seen only
when symptoms occurred later.

Late results regarding angina pectoris were Less favorable in the re-opera-
ted group: 31/48 (65%) of the tuwice operated and 406/877 (46%) of the once
operated patients still had anginal complaints at late follow-up (p 0.02).
However, the same fractfon in both groups was improved by surgery 88%

versus 89%4.

6~2: INTRODUCTICN.

Aorto-coronary bypass surgery has become an established form of treatment in
angina pectoris (AP). Although the majority of patients feel improved after
surgery, severe symptoms persist or re-cccur in approximately 10% of the sub-

(1-3>

jects . As time increases after the operation it may be expected that,

due to pregression of disease, the number of symptomatic patients will grow
(4'5).Re~operations in still symptomatic patients have been performed as early
as 19718 | 1t has been established that such a procedure is possible with an

acceptable mortality$6™8) (911

, however, results at follow-up vary . The aim
of this study is to describe late results after re-operation while searching
for common findings why patients require this procedure. Thus, & comparison is
made of pre-operative vascular Llesions, extent of revascularization at the
initial surgery and symptomatic state at follow-up in re~operated patients and
in patients who had had one operation only, with all patients originating from
the same consecutive series of acrto-coronary bypass procedures carrjed out
at one institution over a 10 year period. Furthermore, in the re-operated
patients a relatijonship was sought between the onset of recurrence of angina
pectoris after the first operation and the presumed anatomic cause of failure

of this procedure.
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6=3: MATERIAL AND METHODS.

Patient selection.

Consecutive patients undergcing single aorto—coronary bypass surgery at our
institution between 1971 and June 1980 constituted the study population. In-
dication for surgery was angina pectoris (AP) despite intensive medical
therapy. In 53 of the 1041 patients, symptoms necessitated a re-operation be-
fore the end of 1981 at a mean interval of 24 months after the initial opera-
tjon. Re-operation was generally performed by the same surgical team, except
in 3 cases where it was executed at ancther institution, The data of these 3

cases are included in this study.

Coronary angiograms.

Selective coronary angiography was performed in all patients before operation.
A vessel was considered diseased when a Luminal narrowing of 50% or more was
seen in cne of the major coronary branches or in the main stem of the left co-
ronary artery. At recatheterization, before the second operation, the bypass
graft was injected selectively when possible, If the bypass was not opacified
and if it was found to be not functioning at surgery, it was considered
ctosed. The bypass graft was considered to be failing when it was closed
completely or when severely narrowed with a 95% or more diameter narrowing. A
bypass was considered functioning when it could be opacified and did not show

a narrowing of 95%.

Progression of disease.

In the native coronary arteries progression of disease had occurred, when at
the second catheterization a major coronary artery showed an increase in Lumi-
nal narrowing: a previocusly normal or 50% narrowed iumen showing a more than
50% lesion or a 50% lesion becoming a total or subtotal occlusion. Progres-

sion could be seen in either bypassed or non-bypassed arteries.

Regression of disease,

Regression had occurred 1if at the second catheterization a totally occluded

artery or a major artery with a 50% Luminal narrowing showed a 50% lesion,

Insufficient revascularization.

Insufficient revascularization at the primary operation was considered to have

taken place when a severely narrowed major vessel could not be bypassed at the
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primary surgery, when the bypass was anastomosed between twc severely narrowed
spots or when just one graft was anastomosed to one minor branch of a diseased

majaor coronary artery.

Technical aspects at surgery.

At surgery the aim was to bypass all severely narrowed areas in the major
coronary arteries. As experience increased, more distal anastomoses were
placed at surgery. In 1971 a mean of 1.33 anastcmoses per patient were accom=
plished, but in 1976 2.50 and in 1980 3.04. The saphenous vein was pre=-
ferably used to form either a single graft or a jump graft with multiple peri-
pheral anastomoses. During surgery, just after the patient was taken from the
heart=-lung machine, the flow in the functioning aorto-coronary vein graft was
measured with an electromagnetic flow probe. At re-operation a failing bypass
was either replaced or, in the case of a local narrowing, reconstructed. If a

new Lesion in a major coronary artery had formed, a new graft was implanted.

Follow-up.

ALL surviving patients were sent a questionnaire to ascertain the presence of
AP or dyspnea Limiting exertion. The guestionnaires were sent out in May 1981
and received up to November 1981, thus giving a follow~up time of a minimum of
1 year and a maximum of 10 years (mean 3.5 years).

Reoperation procedures were included up to the end of 1981, giving a fol-
Low-up time after the second procedure of a minimum of 0.1, a maximum of 8.5
and a mean of 2.4 years. Follow-up data on symptoms were compiete for the re-
operated group; for those who had had just one operation 94.4% of 929 surviv—

ors responded, Vital statistics were complete in 99.4% of the patients.

Data storage and analysis.

Pata were stored in MUMPS on a PBPP-11 computer. Sorting and analysis was per=-
formed on a Hewlett-Packard 85 micro-computer. For statistical analysis the
Hewlett-Packard statistical package was used {Student’s t test and X2 contin-

gency test).

6-4: RESULTS.
The group of 1041 patients with consecutive first operations consisted of 126
women (12%) and 915 men (88%). Of the 53 patients who had had a re-operation,

4 were female (8%) and 49 mate (92%). The mean age at first operation was
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slightly Llower than 1in the Later re-operated group: 49.7, SD 6,7 yrs versus
52.6, 7.7 yrs in the group operated once, a significant difference (p<0.001).
There were 12 deaths within 28 days of surgery (1.2%) and 2 at re-operation
(3.8%, see table 1)}. This difference 1is not significant. There were 47 late
deaths or 4.5% of those who had undergone one procedure and 3 deaths or 5.7%
in those who had had two, again not significantly different. Re-operations
were undertaken infrequently 1in the early years of aorto-coronary bypass
surgery. At our institution the first re-operation was performed 1in 1973. In
table 2 the graduaily increasing number of re-operations is shown, from one in
1973 to 15 in 1980. At the end of 1981 this resulted in a total of 53
(5.1%) of the cumulative number of first operations performed before June
1980. Moreover it is evident, that the fraction of patients needing a second
cperation has decreased over the years: 7.1% of the patients operated bhefore
1977 to 6.4% in 1977 and 1.8% of the patients operated on in 1980.

TABLE 6-1

DEATHS IN THE TOTAL PATIENT POPULATION, SUBDIVIDED INTOQ PATIENTS WHO

HAVE UNDERGONE ONE AND TWO AORTO-CORONARY BYPASS OPERATIONS AT A
MAXIMUM OF 10 YRS AND A MINIMUM OF 1.0 YRS FOLLOW-UP.

number of patients number of
initial deaths
operation recperation
At first operation 1041
operative mortality 12 (1.2%
Late mortality 47 (L.5%)
Undergone second operation 53
operative mortality 2 (3.8%)
late mortality 3 (5.7%)
Died in totat 64 (6,2%4)
Survivors
Two operations 43 (1002

follow-up data
One operation

follow—up data

48 (1000
929 (100%)
877 (943
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TABLE 6-2

NUMBER OF AORTO-~CORONARY BYPASS QPERATIONS AND RE-OPERATIONS
PERFGRMED QVER THE YEARS.

First operation Re—operations
nr. of % of cumulative |per year of
Year nr. of patientsy patients first operation |first operation
1971 6 - 0 2 M
1972 27 - 0 3
1973 34 1 1.5% &
1974 46 2 2.7% 375
1975 54 4 L.2% 3
1976 114 0 2.5% 5 J
1977 72 5 2.6% 11 (6..4%)
1978 204 8 3.0% 11 (5.4%)
1979 271 14 3.7% 9 (3.3%)
1980 5 months 113 15 S 4 2 (1.8%)
1981 - _ & 5.1% -
total 1041 53 5.1% 33
TABLE 6-3
PRE-OPERATIVE NUMBER OF DISEASED VESSELS AND NUMBER OF GRAFTS
PLACED PER PATIENT AT THE INITIAL OPERATION, FOR THE GROUP
OF PATIENTS HAVING HAD ONE AND HAVING HAD TWO OPERATIONS.
Vessels diseased one operation only two operations
before first number of grafts per number of graft per
operation patients patient patients patient
1 vessel 179 (18%) 1.4 13 (25%) 1.2
2 vessels 306 (3134 2.3 14 (26%) 2.4
3 vessels 423 (43%) 3.4 21 (&0%) 3.5
LM 80 (8% 3.3 5 (9%} 2.2
total 388 53

LM = Left main stem disease.
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Data at the first operation and at follow-up.

The extent of atherosclerotic disease pre—operatively and the number of grafts
placed at the 1dinitial operation were compared in those operated cn again and
with those operated twice. As can be seen in table 6=3, three vessel and left
main stem disease is about equally prevalent in both groups. The number of
grafts placed per patient is the same as well, except for those with Left main
stem disease, whereas the number jn the re~operated group is stightly Llower:
2.2 versus 3.3 grafts per patient. However, this difference is statistically
not significant.

Angina pectoris was still experienced by 31 (65%) of the 48 surviving re-
operated patients, while AP was reported by 406 (46%)of the 877 patients with
asingle operation, Thus the patients operated on twice fared significantly
worse regarding occurrence of post-cperative AP (p<0.02). As can be seen in
figure 6-1 dyspnea or AP Limited physical activities in 35 (73%) of the re-
ocperated patients and in 583 (66%) of the other group. This, however, was not
a significant difference. Subjective overall improvement after surgery was not
different in either group: 88% versus 89%.

The cause of recurrence of symptoms in the re-operated group, j.e. failing
bypass graft or progression of disease influenced Late results slightiy. Those
with (a) failing bypass graft(s} fared worse in the long run than those whose
symptoms could only be attributed to progression of the atheresclerotic pro-
cess. In the last category, & out of 6 patients (66%) became pain free while
this was only 12 cut of 38 (32%) when there was failure of the grafts
(table 6-4).

bata on the re~operated group.

The dndication for re-operation was, in all instances, angina pectoris as
severe ofF more severe in comparison with symptoms before the first operation.
The moment of appearance of angina pectoris in the post-operative period
varied from immediately after the operation to 83 months. 0f the 53 patients
having had a second operation, 9 or 17% never lost their complaints and by 3
months 53% suffered angina pectoris. At 12 months this fraction had risen to
75%. Thus most re-operated patients had symptoms in the first year after the
initial surgery. In figure 6-2 the cumulative percentage of patients with
post—operative AP is shown versus time elapsed since the original operation.

As can be seen, the increase is small but gradual from 36 months onwards.
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CONDITION AT LATE FOLLOW-UP
Reoperated vs. Single Operation

100
p<0.02 NS NS
o
3
85 75
Q
'4:3 § Reoperated
N = 48
& 50 \ —
. N
s \ \ Single Oper.
$ 254 \ \ NN\\N
LN | N M
Angina Pectoris Exercise Unimproved
Limitation by surgery

Figure 6-1.

Condition- at tate follow—-up. Re-operated patients experienced AP more often:
65% wversus 46% in those operated once (p<0.02). Limitation of activities by
physical complaints occurred in 73% wversus 66% (NS} and an unimproved
condition compared to before any surgery occurred in respectively 12% and

11% of the patients (NS), Follow-up time averaged 3.5 years after the initial

surgery.
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At the time of recatheterization, (a mean of 20 months after the primary
operation), 77 of the 130 inserted bypass grafts were closed, a patency rate
of 59%. In addition to the 77 closed grafts, 6 had a Luminal narrowing of 95%.
Thus 83 (64%) of the grafts were failing, while 47 (36%) could be considered
te function normally.

In table 6-4 it is shown that, of the 23 patients with pure bypass graft
failure, 20 had symptoms within half a year of surgery. The other frequently
seen problem in patients with early sympioms was the combination of a new Lles-
ion the bypassed artery and a failing graft. Thus, out of the 53 patients 36
had symptoms within & months of whom 20 had pure graft failure, and 11 graft
failure with progression in the bypassed artery, together 86% of the patients
with early symptoms. Progression of Lesions in non-bypassed arteries was only
seen if symptoms had started Later than & months post-operatively, except once
when a combination with a failing graft was found. An exception tc the 6 month
cut off point of symptoms were: a) 3 patients with pure graft failure and
symptoms at respectively 7,7 and 11 months and b) pure technical failure of
the initial operation causing persistence of symptoms after surgery in & pa-
tients. This occurred twice because of inabilityte find a to be bypassed
artery, and twice the distal anastomosis was made 1in between two severely

narrowed areas. Regression of disease was not seen.

Flow in the graft.

At the first operation flow was measured in 127 of the 130 inserted grafts.
The mean flow in the 46 later functioning grafts was 56.4, SD 39 mL/min,
and in the 8% Later non-functioning grafts 42.3, SD 20 M min. According to
the Student's t test, the flow was significantly higher 1in the later
functioning grafts (p<0.001).

Re-operation,

The 53 patients had their re-operation at a mean of 24.4 months after the
first procedure, with a minimum of 1 and a maximum of 91 months. In total 83
grafts had been found to be failing at recatheterisation., At the second
operation 73 new grafts were inserted and 11 times a reconstruction of a
severely narrowed area was performed. In 2 instances a stenotic aortic valve
was replaced by a valve prostesis. In all patients but one, some improvement
of vascularization was realised at surgery. The one exception received a valve

prosthesis.

80



TABLE 6-4

FINDINGS AT RECATHETERIZATION RELATED TO TIME OF (RE}OCCURRENCE OF
ANGINA PECTORIS AFTER THE FIRST BYPASS OPERATION AND INCIDENCE OF
SYMPTOMS AT FOLLOW-UP AT A MEAN OF 3.5 YEARS POST~OPERATIVELY.

Primary finding at]appearance symptoms |total nr.|nr. of | AP at follow-up
recatheterization |first post operative | of pats,|survivors| (% of survivors)
| period in months | ] |
| 313-6]6-12]12-24] 24] | |
|
failing graft(s) |16 4 3 - - 23 21 14 (67%)

failing graft(s),

|
progression 17 & - - - 11 10 6 (60%)
bypassed artery | 2 >
I
failing graft(s), |
progression non—- | 1 - 1 3 - 5 7 & (86%)
hypassed artery |
I
graft(s) open, |
progression by- T | - - 1
passed artery | 1 1 6 2 @3%)
|
graft(s) open, |
progression non- | - - - 2 3 5
bypassed artery |
!
technical | & - - - 1 5 4 3 (74m
total 53 48 31 (65%)
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6-~5: DISCUSSION,

After the initial reports on lLate results of coronary bypass surgery with dis-—
appearance of angina pectoris in the large majority of patients, it was soon
noticed that a small number of patients did not benefit. Mc Neer(12) reported
an increase in patients experiencing AP from 38% at one year to 47% at 2 years
after the operation, Campeau(13),in a 7 year, span saw an increase from 21% to
50%. In both series 10~15% of the patients were unimproved by surgery.

In the 1041 patients with consecutive operations at our institution, 47%
of the survivors experienced angina pectoris at a mean follow-up time of 3.5
years, and 11% of these patients felt unimproved by surgery. Out of this pool
of 150 patients 53 were re-operated. Selection criteria for re-operation were
severe, often unstable, angina pectoris as well as the desire of the patient
te be re-operated and technical feasibitity. The re-«operated group was slight-
Ly younger than the total patient population but did not otherwise differ in
pre—operative number of stenosed vessels or the number of grafts placed at
surgery. This is at variance with the experience of Barboriak et aL(14) who
noted inadequate initial revascularization reflected by a lLower average number
of bypass grafts in patients later undergoing a re-operation. His study is the
only one on consecutively operated patients, he found the younger &ge in the

re-~operated group as well,

Reason for failure of primary operation.

In our patients, failure 1in the function of the bypass graft(s) was the most
freguently found problem at recatheterization. 0f the 53 patients, 41 (777
patients had failing grafts. Of the 130 grafts placed at the initial surgery
only 47 (36%) were functioning. This is much Lower than the average patency
rate at our institution of 79% at one year and 76% at 3 years post-operatively
(15). This low patency rate could be caused by unfavorable anatomy in the
distal coronary vascular bed. Such a hypothesis is supported by the fact that
at operation the flow was significantly Lower in the Llater failing grafts,
AZmL/min versus 56 mL/m'in in the later functioning grafts. However a clear
cut off point cannot be given, due to overlap in values.

Progression of disease in the native vessels was rather rare 4in this group:
7 (13%) patients had such progression as their primary problem. It is possible
however that this was caused by selection, as patients with extensive new
changes in distal coronary arteries were not primarily selected Tor a
reoperation. Moreover, it is possible that the follow-up time of a mean of 3.5

years after the initial operation was not sufficiently iong to see progression
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of disease, Loop et at (8 reported for instance, that AP recurred a mean
of 3.1 years after surgery if progression was the reason for failure of the
primary operation.

The fact that & (7.5%) of our 53 patients had a purely technical reason for
inadequate primary surgery is regrettable, but in view of the complexity of
the surgery involved, probably unavoidable. Data are scarce in the Literature
put Stiles et al{1e) reported inadequate first operations in 13  (26%) out of

50 re-operations and Kobayashi(T)

mentions previously un-bypassed Llesions in
14 (29%) of 48 reoperated patients, Is is clear however that experience of the
surgical team influences the number of re-operations, as evidenced by the de-
crease over the years, from 7.1% to 1.8% in our series., Time of onset of angi-
na pectoris after the initial operation appeared to be an indication of the
cause of probtems, If angina pectoris ocecurred in the first & post-operative
months either a malfunction of the bypass graft, with or without an occlusion
in the bypassed coronary artery, or a technical failure of the primary opera—
tion, was found to be the cause. When the symptoms recurred after 6 months
post—operativelty, than progression of atherosclerotic disease in the native
coronary circulation was the reason. This is 1in accordance with the findings
of Culliford et al a who reported an even shorter interval (2 months}) in

which the patients with failed bypass grafts became symptomatic.

Operative mortality at re-operation of 3.8% compared to 1.2% for first oper—
ations seems acceptable, Figures in the literature vary between 10%Z reported
by Johnson et al in 19?2(6) and 3.7% reported by Irarrazaval etal in 19?7(10),
both for re-operations. Late mortality of S.7% in 3.5 years in the re-operated
group falls within that gquoted in the Literature as weLL(6’7'16). Late cutcome
in respect to angimal complaints 13 disappointing. Only 17 (35%) of the 48
surviving patients were free of chest pain and only 12 (25%) were completely
asymptomatic after 2 coronary bypass operations. Of those who were operated
chce, the results were significantly better: 54% were free of pain and 34%

asymptomatic.

The tow percentage of patients completely relieved of symptoms in the re=-
cperated group, has also been found by others. Kobayashi et aLCT) reported 38%
of their 79 patients to be angina free at 12~-70 months, Allen et al (18) 34y
of 71 patients at a mean of 26 months and Norwood(11) 30% of 26 patients at
6-48 months. In contrast with these results, Loop et al reported that 60% of

83



500 re-operated patients were angina free at an average of 40 months after
operation. As these series of re-operated patients were not part of a consecu—

tive series of first operations, nc comparison could be made.

In conclusion, re-operaticns after aorto-coronary bypass surgery are some-—
times necessary because of failure of improvement after the initial procedure.
Technically, the operation is feasible with a Low mortality rate and few late
deaths at follow-up. The cause is most often a failure of the bypass graft(s)
especially when the patient becomes symptomatic within 6 months of surgery.
Although improvement in symptoms of angina pectoris occurs in the majority of
such patients, only one quarter of the patients become entirely symptom free.
As the number of initial aorto-coronary bypass operations 1s expected to
inecrease in the coming years, it is important to realise this when advising a

symptomatic, but operated, patient on the course to follow.
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CHAPTER 7

Br Heart 7 1983; 50: 42-47

Long term follow-up after coronary artery bypass graft
surgery

Progression and regression of disease in native coronary
circulation and bypass grafts

R W BROWER, K LAIRD-MEETER, P W SERRUYS, G T MEESTER, P G HUGENHOLTZ
From the Ineruniversity Cardiology Institute and Thoraxcenter, Erasmus University, Rotterdam, The Netherlands

suMMaRY Angiographically demonstrable changes in bypass status and their relation to the disease
in the native coronary circulation were studied in 221 patients one vear and three vears after
coronary artery bypass graft surgery. The extent of coronary artery disease was scored according to
the recommendations of the American Heart Association and quantified following the method of
Leaman. Patency in 570 grafts at one year was 79-6% and at three years 76-5%. The majority of
grafts (83-5%) showed no change from one year to three years, 11-4% showed progression in disease,
and 5-1% showed regression. The majority of grafts which occlude do so in the first year after
surgery. After the first year, the graft attrition rate is 1-6% of grafts per vear.

The coronary score (0, no disease; > 30, serious three vessel disease) before surgery was 14-2+1.92
(mean *+95% confidence) and dropped to 3-3=0-76 at one year when corrected for patent grafts. The
coronary score remains greater than zero because of early graft closure and/or untreated lesions. By
three years the corrected coronary score increased to 7-2+1-06 primarily because of progression of
disease in the native coronary circulation. Two subgroups, formed on the basis of angina pectoris at
three years, showed that progression of disease in the native circulatjon was identical, but that return
of angina was highly correlated with whether or not this disease occurred in segments perfused by
patent grafts,

Those factors known to be risk factors for coronary artery disease do not appear to have & bearing
ont progression or regression of disease in the graft, nor does the extent of coronary artery disease at
the time of surgery correlate with eventual graft patency.

There remains relatively little information on the bypass surgery with complete scoring of the coronary

progression and regression of disease in bypass grafts
in the long term after coronary artery bypass. graft
surgery. This work was undertaken to document
angiographically demonsirable changes in bypass
status, the relation to the disease in the native core-
nary arteries, and the clinical factors possibly affected
by this process.

This study was made possible by the existence of a
large data bank designed for the three year follow-up
of padents after bypass grafting.! The pertinent
aspects of this data bank are that it specifies
recatheterisation at one year and three yvears after

Accepred far publicadon 10 March 1983
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angiogram and bypass graft status. A complete physi-
cal examination and history are also obtained at these
points. The development in this laboratory of a coro-
nary scoring system to guantify the extent of coronary
artery disease and its changes over the follow-up
period has been previously reported.? This method is
also applied here in this study.

Methods

The selection criteria for this study was the availabil-
ity in Rotterdam of selective graft and coronary
angiograms at one year and three years after coronary
artery bypass graft surgery. All padents were also
evaluated before surgery. In total 221 patients met



Bypass graft surgery

these criteria. All were adults, mean age 32 years, and
96% were men. On the basis of clinically available
information on medical treatment and functicnal
class, these patients did not differ from those refusing
recatheterisarion but seen in the out-patient clinic as
part of the routne follow-up after coronary artery
bypass grafting.

The purpose of the coronary score, developed by
Leaman er al.,* was 1o quantfy the severity of underly-
ing coronary artery disease before surgery, and the
effectively untreated disease remaining after coronary
artery bypass grafting. The different coronary vessels
carry different volumes of blood 1o the left ventricle,
and the coronary score was derived 1o take this into
account,

The left coronary artery carries approximately five
times the amount of flow to the left ventricle com-
pared with the right coronary artery.®~# It has also
een shown that in the usual right dominant coronary
system, the flow in the left coronary artery is 66% inte
the left anterior descending and 33% into the
circumflex coronary artery.® Thus, the left anterior
descending carries approximately three and a half
times and the circurnflex one and a half times as much
blood as the right coronary artery. This then was the
basis for assigning different weighting values to the
different coronary arteries. The coronary arteries were
subdivided into segments according to the scheme
devised by the American Heart Association.® The
right coronary artery does not supply blood to the left
ventricle until the posterior descending branch is
given off, so only the segment with the most severe
disease was anaiysed. The left anterior descending
and circumflex coronary arteries, however, were
further subdivided and weighting factors were
assigned to each segment (Fig.1). As shown in the
figure, different weighting factors were assigned in the
event of left dominance.

The degree of stenosis was also considered in deriv-
ing the coronary score. If the vessel was rotally
occluded, the coronary artery segment value was
multiplied by 5-0. If there was a 90 10 9%% occlusion
{luminal diameter narrowing}, it was multiplied by
3-0. For a 50 to 90% obstruction, it was muluplied by
1-0. The segmental scores were then added to derive
the total coronary scere. A score of zero would indi-
cate no obstructive coronary artery disease, and the
higher the score, the greater the obstruction. The role
of coronary collaterals has been previously studied
and found not to effect the outcome of surgery.”

In deriving the postoperative coronary score, a ves-
sel segment was considered normal if it was supplied
by a patent aortocoronary bypass graft that was free of
occlusive disease. If the aortocoronary bypass graft
was occluded, the score was derived from the degree
of disease in the native coronary system; that is, the
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disease,

_
>

score was derived as if no graft had been placed.
Hypertension was defined as a diastolic arteral
pressure in excess of 95 mm Hg.

Staustical analysis included the Student's paired t
test, x%, or analysis of variance where appropriate.
The lower Limit for significance was taken as p=0-03,
two sided distribution. Unless otherwise stated, data
are presented as the mean * the 95% confidence
interval of the mean.

Results

There were 22! patents who met the inclusion
criteria of angiography performed a: one year and
three years after surgery accerding to the study pro-
cedure.

" The ejection fraction before operadon was
0-60=0-12 (mean +=SD), at 1 vear ir was 0602013,
and at 3 years it was 0-59+0-12. There was thus no
clinically important change in global left ventricular
"function for the group as a whale.

The coronary score {native and corrected for graft-
ing) is summarised in Tazble 1, and for the sake of
clarity iflustrated in Fig. 2. At operation the mean
‘coronary score for The entire series was 14-2x1-02
{mean +95% confidence interval for the mean). One
year after operation the corrected coronary score fell
to 5-3+0-76. This is not zero because some grafts have
already occluded, and not all disease could be effec-
tively bypassed.

From one year to three years there was some pro-
gression on average in the corrected coronary score
(from 5-3 to 7-1). During this period the uncorrected
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Table 1

Brower, Latrd-Meeter, Serruys, Meester, Hugenholtz

Coronary score before surgery and one and three years afier surgery in all 221 parents, group ] (126 patients, no evidence of

anging pectonts at three years), and group 2 (935 pattents, anging pectoris present at three years)

Mean 95% comfidence p<
Preop, native coronary score, all patients 142 102 —
Preop, native coronary score group 1 143 139 —
Preop, native coronary score group 2 141 169 1 NS
One year, native coronary score, all patients 181 12 * 0-00001
* YEar, Natve corohary score group 1 18-8 1-52 —_
> year, native Corenary score group 2 173 165 + NS
11 year, corrected coronary score, all patents 53 0-76 * 0-00001
=1 vear, corrected coronary score group | 41 0-89
23 yedr, corfected coronary score group 2 &6 123 1 0-001
Three vears, native coronary score, all patients 207 1-29 * 0-00001
s ¥E4rs, Dauve coronary score group 1 20-8 169 —_—
s ygars, native coronary score group 2 205 1-98 + NS
1 years, corrected coronary score, all patients 72 1.06 * 0-00001
»»  vears, carrected coronary score group 1 5.2 114 —
s years, corrected coronary score group 2 94 1.75 1 0-00003

Native coronary score is shown as well as that corrected for patent grafts. Dara presented as the mean = 95% confidence inrerval.
Abbreviations: *comparison of difference with respect to preop coronary scares {Student’s paired [ rest); fstatistically significant difference
berween groups | and 7 {Stadent’s unpaired t test); NS no significant difterence

coronary score in the native circulation increased from
18-1 to 20-7 {16% increase).

The graft status is summarised in Table 2. There
were 570 grafts scored, giving a revascularisation rate
of 2-6 grafts per patient. The patency rate at one year
was 79-6% and at three years 76-3%. That is, 3-1%
more grafts occluded during the two year interval
between follow-ups, giving a graft loss rate of 1-6% of
grafts per year after the first year. During the follow-
up period the majority of grafts (83:5%) showed no
change within the scoring limits used in this smdy,
bur 11-4% of grafts were coded as progressing in
severity of stenosis by one or more classes while 5-1%
were classed as regressing by one or more classes. As
the corrected coronary score was computed based on
patency vs occlusion of the graft (see methods) the
progression in the corrected coronary score is the

n=221
20 _ ..‘-—--‘“{
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o E
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resulr primarily of progression of disease in the native
coronary circulation.

The relation between recurrence of angina pectoris
and progression of disease was also studied. Ar three
years after cperation 43% of patients reported they
experienced some angina, though usually of less sever-
ity (ease of provocation and frequency of attacks) than
previously.

Two groups were formed on the basis of angina
pectoris at three years (group 1: no evidence of angina
pectoris, and group 2: presence of angina pectoris at
three years), and the coronary score was compared for
all follow-ups {Table 1),

The preoperative caronary scores for groups 1 and
2 were, respectively, 14-3+1-39 {mean =95%
confidence interval) and 14-1x1-57 (no significant
difference). That is, there were no differences in

Table 2 Summary of praft status at one year and three years
after surgery

Jyear folena=up

Surgery Tyear

————postoperative

Fig. 2 The coronary score in the native circulanion and
corvected for bypass prafiing before surgery, and one and three
years afterwards. Vertical bors represent the mean + 95%
confidence Hmits for the mean m 221 pavients.

Iyears
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Five classes of occlusion are shown: 100% occlusion, 91 to 9% occlu-
sion, 50 to $0% occlusion, less that 50% obstruction, and nermal
graft. Entries on the diagonal represent stability in graft status from
one vear t three vears. Entries above the diagonal represent progres-
sicn of disease, while entries below the diagonal represent regression.
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Table 3 Summary of risk factors, associated with coronary avtery disease, but studied in relation 1o progression, stability,
or regression of disease in graft (n = 570 grafis, see Table 2) from ong vear 1o three vears; analysis of variance of x*

contingency table used for storistical analysis

Progression Stoble Regression 5

Cholesterol (mmol/1) (7-88 = 2:01) {760 = 2.03) (842 £ 2:0) N§

(mean = SD) n = 52 n = 353 n=23
Smoking

(yes or no} ¥=30n =35 y=206n% 270 y=12n=17 NS
Use of anticoagulants

(yes or nod y = 2%n =36 y=193n0=27% y=17n= 12 NS
Hypertension

(yes or no) y=22n=43 y=154n=322 y=12n=17 NS
Preop coronary score

(mean = §In 45 = &0 161 =78 120 = 7-7 NS

coronary score between the two groups at the ourser.
At one year the uncorrected [native) coronary score
was 18:8+1-52 and 17-3=1-65 (no significant differ-
ence}, while the corrected score was 4-1:0-89 and
6-6=1-25 (p <0-001). At three years, this trend is
even more apparent; the uncorrected coronary score
was 20-8+1-69 and 20-5x1-98 {no significant differ-
ence), while the corrected corenary score was
5-2%1-14 and 9-4*1-75 {p <0-000035). Thus, in those
patients reporting angina pectoris at three years, the
coronary score {(corrected for patent grafts} shows 2
clear wend towards preoperative values while those
patients withour angina pecioris showed minimal
progression in the corrected coronary score. This
occurred in spite of the fact that the coronary score for
the native circuladon (uncorrected) was virtually
identical in the two groups. It appeats that progres-
sion of disease in the coronary arteries is present to a
similar extent in both groups, but group 1 {without
angina pectoris) had this disease more effectively
bypassed than group 2 patients.

The relation between risk factors for coromary
artery disease and graft staws from one year to three
years after surgery is summarised in Table 3. The first
entry gives the mean and standard deviation of choles-
terol for the three classes of bypass grafts: those where
there was progression of disease, stability, and regres-
sion of disease. Results for smoking, use of and-
coagulants, presence of hypertension, and precpera-
tive coronary score are also summansed in Table 3.
There were no significant correlations found for any
of these risk factors.

Discusssion

There are a number of limitations to this study which
should be pointed out at the outset. The analysis
obviously excludes those patients who died within
three years of operation and this could bias any con-
clusions based on the surviving patients. To piace this
factor in perspective, the mortality for uncomplicated
bypass grafting over the period of this study was 2-1%

in the first year and an additional 1-9% from one year
to three years, Therefore, this source of bias Is not
large, but would tend in any event towards one being
overly optimistic concerning progression of disease.
Secondly, in deriving the corrected score after bypass
surgery the grafis were characterised as either parent
or occluded. As shown in Table 2, this is an oversim-
plification necessitated by the fact that there is no
accurate way of derermining wherther the combined
disease in a patent graft and coronary artery is effec-
tively limiting blood supply except in the extreme
when the graft is occluded.

The magnitude of this problem can be estirnated
from Table 2. At one year 79-6% of grafts were classed
as “patent”; this includes 7% of the rotal which had
disease in the grafts scored between 51 and 99%. At
three years, 6% of grafts were so scored in spite of
more grafts becoming occluded. Thus, while this
system of classifying grafts as either patent or
occluded is an oversimplification, it would not appear
1o bias the study as far as progression of disezse is
concerned.

It could be argued that progression/regression of
disease is sufficiently gradual that only smali changes
are likely 10 occur berween the one and three year
follow-up studies and that the American Heart
Association recommendations for scoring coronary
angiograms {five disease classes, 15 segments)® may
nor be sufficient. There is a limir, related to the
inter- and intra-observer variability, to which small
changes can be relizbly scored. Reports of observer
variability provide some guidelines,?'® but the
analysis has not been taken to its logical conclusion,
that is development of an optimal scoring system
commensurare with the “signal to noise rado™ of the
diagnostic technique and experienced observer.

The above cited reports all employ a coronary map
of about the same number of segments as we used, but
most use only two or three classes of disease compared
with our five. For example, Sanmarco et al.8 report a
95% consistency in an expert panel when scoring the
presence or zbsence of a significant lesion (> 70% area
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stenosis or > 50% diameter stenosis), Only two clas-
ses clearly provide a very limited resolution for studies
of progression of disease, but could still be useful.
Whether two or five classes are used, it is essential to
keep these criteria in mind when evaluating changes
in disease status.

Bourassa et ¢f. ' have reported that there is an accel-
erated progression of disease in proximal segments of
grafted coronary arteries occurring primarily in the
first year, but then remaining relatively stable after-
wards. Natural progression of disease in non-grafted
arteries conlinues over the long term though possibly
in bouts.1? The progression in the corrected coronary
score from one to three years therefore primarily
refiects the development of disease in non-grafied
segments, and to a lesser extent the consequences of
graft occlusion. Nevertheless, between one and three
years, we do find some progression of disease in seg-
ments either directly or indirectly bypassed. Provid-
ing that the grafi remains open, this progression is not
assoclated with the return of angina pectoris in con-
trast 10 the situation where progression of disease
occurs in arteries not bypassed.

The dara summarised in Fig. 2 lead to several
speculations. For example, if the dashed line connect-
ing the one year and three vear native coronafy score
is extrapolated 1o the time of operation, it projects a
coronary score 2-6 units above that obtained at the
tme. This may be ascribed 1o damage to the coronary
arteries as a result of the operation itself or indirectly
by the establishment of new perfusion pathways. Itis
alsc apparent that the line connecting the corrected
coronary score could be extended inro the future
where it would eventually intersect the level of the
coronary score before surgery. While lirtle confidence
can be attached to such a long term extrapolation, this
point can be calculated to be abour 10 years after
operation. This estimate is probably too pessimistic as
the majority of disease progression is known to occur
early in the follow-up.

It was found that a minority of grafts (5:1%) show
some regression in disease. In view of the above
mentioned observer variability in scoring angiograms,
it can be debated whether this figure represents true
regression as opposed 1o observer variability. Studies
conducted in our laboratory suggest that an observer
variability of 5% is not unreasonable, and thar the
entire series showing regression could be ascribed to
observer varizbility. Therefore, all these angiograms
were reviewed at least twice, and in our opinion these
resuits do reflect actual regression of disease.
Bruschke ez al. '3 have also reported regression of dis-
ease in 4-7% of patients not operated upon.

No significant correlations were found between the
conventional risk factors and progression of disease in
the grafts {Table 3}, This also appears to be the case

Brower, Latrd-Meeter, Serruys, Meester, Hugenholiz

for progression of disease in coronary arteries.'?”'¢
Allard et al., '* however, have reported that hvpertri-
glyceridaemia, a factor which we did not examine, is
associated with a higher risk of graft occlusion. It is
particularly interesting to ncte that the preoperative
coronary score had no bearing on disease in the bypass
graft. This most clearly indicates the decoupling of
conventional risk factors in coronary ariery disease
with later development of disease in the graft. On
reflection, this approach to the problem is an over-
simplification. These risk facrors for a patient are
equaily present for all the padent’s grafts, yet it is a
common observation that only one graft will show
progression of disease while the others are stable or
vice versa. The data presented in Table 3 therefore
only confirm that the conventonal wisdom of risk
factors in coronary artery disease does not apply to the
graft itself, Other factors, including intimal hypet-
plasia which is not well understood, are playing a
more decisive role.

Several conclusions are apparent. The majority of
bypass grafts which occlude do so in the first year
after bypass grafting. Afterwards, there is a much
slower graft attrition rate, but one which if continued
at a steady rate would result in haif of all grafts becom-
ing occluded in 15 years. A far more significant factor
appears to be the progression of disease in the native
circulation, part of which is bypassed and part of
which is not. In the latter case, there is a clear connec-
tion between the renurn of angina pectoris at three
vears and progression of coronary artery disease.
Between one year and three years after coronary
artery bypass surgery we find that most grafts are
stable, there is progression of disease in 11%, and
regression in 5%. Regression of disease in the graft is
infrequent, but can occasionally be shown. Those
factors known to be risk factors for coronary artery
disease do not appear 1o have a bearing on progression
or regression of disease in the graft.

The authors acknowledge the assistance of H J ten
Katen in preparing the drawings and performing the
data bank searches for this study. This study was
supported as project 4c from the Interuniversity
Cardiology Institute.
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CHAPTER 8

GENERAL DISCUSSION

8-1; INTRODUCTION.

Coronary artery bypass surgery has been available in cur institution for the
past 13 vyears and has become an important addition to the management of pa-
tients with angina pectoris. However there are a number of aspects of this
form of treatment which reguire further apalysis beyond that provided in the
Journal articles which constitute the main body of this thesis. This chapter
is intended tc, at least in part, redress this shortcoming. Among the aspects
which will be considered are the pitfalls of a retrospective study, the evol-
ving treatment goals of therapy and the relationship between costs and re=
sults, Furthermore, recommendations are made for further evzluation studies.
Finally, the implications of the results of this study for the physician faced

with the individual patient are discussed.

8-=2: THE PITFALLS OF A RETROSPECTIVE STUDY.

This thesis dis quite Literally an afterthought and bears therefore the dis-
advantages of retrospective analysis. A prospective randomized study was, in
fact, proposed in 1971, however this was not approved nor supported by the
government agencies. Instead a multicenter trial of the Inter University
tardiological Institute, the Netherlands Coronary Study (NCS), was started in
1976. Its primary aim was to document the influence of coronary artery surgery
on Left ventricular function, which reguired the use of invasive procedures in
the post-operative period. Because not all patients consented to have follow-
up studies, the patients admitted to the NCS were fewer in number than those
operated upon in the collaborating institutions. Although Rotterdam particip-
ated actively in the NCS, from 1976 to 1979, only 423 patients could be re-
cruited into the study while 761 were operated upon in that pericd. Therefore
we were forced to use retrospectively collected data 1in the analysis of the

results of consecutively operated patients. It is common to question the value
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of retrospective studies, especially 1if they concern data coltected over a
Large number of years. One has to take further into account that the patient
poptilation has changed over the years, that both pharmacological and surgical
management have evolved and that to the primary treatment goal, relief of
angina, expectations of increased survival and improvement of cardiac functicn
after surgery have been added. Moreover the patient's perception of his or her
complaints has been influenced by the passage of time and by the increased
awareness of the surgical results that could be expected, These factors will
undeoubtedly influence the lLong—term assessment of aorto-coronary bypass sur-
gery. Although changes are inevitable with any new procedure over a time span
of 10 years, awareness of their influence is important for the correct inter-

pretation of the data,

8-2-1: The changing patient population.

The dntroduction of coronary artery surgery, in the Thoraxcenter in 1971,
meant that we were confronted with a backlog of patients for whom pharmacolo-
gical treatment had not been effective in the past years. Today, the waiting
List has been greatly reduced although is still 1in existence. One can only
hope that a rate determined by the "natural incidence'” of symptomatic coronary
artery disease witl soon be reached as it would represent a '"true"
populatton,

pue te the shorter waiting time today, the patients are offered surgery
much eartier in the course of their disease than was the case 12 years ago.
It is conceivable also that patients with stable complaints have a different
"natural"” course of the disease than those who have sudden severe symptoms
reguiring an immediate operation. At present, many more patients belong
to this last group, while in 1971 most had stable complaints for many years,
waiting for cardiac surgery to be introduced. To extrapolate from these re-
sults to those to be expected in the future is therefore not necessarily

permissible.

8-2-2: The changing pharmacological management of angina pectoris.

Many articles which assess coronary artery bypass surgery define the
indication for surgery as: "angina pectoris, not responding to intensive medi-
cal treatment'. In 1971 this meant that, when nitroglycerin and propanolol did
not relieve symptoms, angina pectoris was judged to be incapacitating. Ten

years Later, the same indication implies that the daily use of both short and
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leng acting nitrogiycerin preparations, a choice out of the wide variety of
beta-adrenergic blocking agents currently available and the recently intro-
duced calcium channel blockers all be ineffective. ALL of these drugs, often
in combination, have shown considerable therapeutic efficacy. Therefore, ai-
though the term incapacitating complaints resistent to drug therapy, is used
in the entire period, this does not necessarily mean that the same type of
disease is present in these patients as the symptoms are being treated more

vigorously in Later years before it is decided to advise surgical therapy.

§-2-3: The evolution of surgical technique.

Over the last decade, more and more bypass grafts have been placed in each pa-
tient in an attempt to achieve more complete revascularization. This is alsc
evident in our series, as in 1971 only 1.33 grafts per patient were implanted,
while by 1980 this had risen to 3.04 grafts per patient. Sequential grafting
was dintroduced in 1976, which made it possible to increase the number of dis-
tal anastomoses without Lengthening of the time on pulmonary bypass or the
aortic cross clamping time. A similar trend has been noted by KirkLin (1) and
Loop(Z). Furthermore, the increased awareness of the surgeon to myocardial
fnjury during surgery led to the introduction of '"cardiac preservation" tech-
nigues such as hypothermia, shorter cross clamping time and cardioplegic per-
fusion solutions. Cardioplegic solutions are not routinely used at our in-
stitution, but the other factors have changed the surgical technigque. This
makes a comparison of results obtained over a decade, problematic, as others

have also pointed out 3,

§=-2-4: Evolving goals of therapy.

The primary goal of coronary artery bypass surgery was and remains the relijef
of angina pectoris. Since the first description of angina pectoris by Heberden
to this day, clinicians still debate the correct dnterpretation of the

patient®s complaints. Many attempts(a'é)

have heen made to objectively
quantify the severity of restriction in the patient's daily life. However,
it must be conceded that these attempts at classification are Limited in their
ability to serve as a measure of the effectiveness of any particular regimen
of therapy.

Quite understandably, the search for an answer to the question “does coro-
nary bypass surgery really help?" has turned to more objective measures of the

cardiac status of the patient. Almost any parameter which can be measured, has
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been included in such studies, ranging from the obvicus one of enhanced sur-
vival, to various measures of left ventricular function, excercise tolerance,
myocardial perfusion studies with Thallium=201 uptake and many others,

This search for assessment via objective criteria carries with it the
danger that the original objective, the subjective alleviation of pain, is
lost in the abundance of data. Also an improvement in a seemingly objective
parameter may be confused with effective therapy. For example, as discussed in
chapter 2, an operation now regarded as ineffective such as mammary artery
ligation, was also followed by an improved exercise tolerance in 85% of the
patients studied(T). This operation even '"resulted" in disappearance of
ischemic changes 1Jn the resting electrocardiogram in some, and was therefore
considered quite effective,

Notwithstanding the difficulties in the assessment of angina pectoris, we
feel that the primary goal of the therapy deserves more attention than it is
currently given. To our knowledge, there are but four other published studies
(8-11 which try to assess the long term follow-up of incidence and severity
of angina pectoris in the post-operative pericd. These studies each employ a
different method to evaluate the severity of the complaint. This was in one

instance via data forms sent to each patient's physician &

, Once it was via
personal interview or a patient's guestionnaire (9), once it was obtained via
yearly determination of the New York Heart Association Functionat Classifica—
tion by the same 2 observers (10 and onhce via a standardised set of gues-
tions dintroduced half way din a prospective study(T1). None of these studies
contained more than 350 patients. As cur population was so much larger it was
decided not to use personal interviews but a questionnaire sent directly to
the patient to obtain a truly subjective evaluation of the post-operative con=
dition. Although the methods differ greatly in these various studies, it is
remarkable that the outcome i.e. the freguency of angina pectoris observed in
the post-operative pericd 4is very similar. As discussed in chapter 5, &t 3-5
years post-operatively, 40-50% of the patients still experience angina pecto-

ris whatever the method of data collecticon.

8-2=-5: Pain and the passage of time.

Given the scarcity of information on the long term efficacy of coronary artery
bypass surgery, an examination of our own resukts seemed to be in order. Yet
in 1971, an accepted standardised measure of the severity of anginal com—

plaints did not exist. It became, therefore, obligatory to either exclude the
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early years of coronary bypass surgery in our institution or toc accept the
imperfections of the patiént's own perception of recoliected pain. We chose
the latter, since the inclusion of all 1041 patients operated on successively,
seemed to have sufficient, if not the most, virtues.

It has also been recognised that the results presented in this study may
webll have been confounded by both the placebo effect of the treatment and by
pain amnesia. The inability to recollect the severity of pain is well docu-
mented in other areas, such as child birth, but has not been studied in angina
pectoris specifically.

In cur study, anginal complaints were present three years after surgery in
47% of the patients. Yet nearly 90% of the total group of patients felt "im-
proved".Since nearly all of the patients had pain complaints prior to surgery,
we may conclude that 53% lost their anginal pain, while of the total group 36%
still have pain and describe it as Less severe, only 11% feel their
complaints to be unchanged or worse.

There are several possible explanations for the decrease in perceived sev—
erity of pain. It could be caused by the specific effects of surgery such as
reduced dJschemia or restored perfusion, the non-specific effects of surgery
i.e. interruption of nerves, infarctien of areas previously ischemic and
causing pain, the '"placebo effect" accompanying any surgery or imperfect
recollection of the exact degree of pain prier to the operation by the pa-
tient. Evidence for a specific effect of surgery in reducing the presumed
cause of the pain (ischemia) is extensively discussed in chapter 5 of this
thesis. The potential role of the placebo effect is considered in chapter 2.
Given the current state of knowledge, it is impossible to assess either the
impact of non-specific surgical effects or pain amnesia, while myocardial in—
jury during surgery has not been adequately measured,

As a consequence, I am forced to conclude that I do not know how one should
attempt to take all these factors into account, when interpreting the results
of coronary artery surgery. At the very minimum, cautious interpretation of
our results is required and one may only hope that such confounding factors

will receive more attention in future, prospective, studies.

8-~3: THE ACHIEVEMENT OF TREATMENT GOALS.

The primary treatment goal was,and still remains the relief of angina pector-

is. The results obtained in the Thoraxcenter have been presented in chapter 5

and it seems appropriate to briefly consider how our results compare with
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those obtained elsewhere in the world.

The extent to which secondary goals have been reached also provides infor=—
mation on the therapeutic standards which have been achieved at the Thorax-
center., Therefore, we will briefty consider both the probability of survival
following coronary artery bypass surgery and the effect of surgery on objec-

tive measures of lLeft ventricular function.

8-3-1: The relief of angina pectoris.

It is disappointing that neariy half of the patients still suffer from znginal
complaints three vyears after their bypass operation. However, both the North

Americant10,12)

and the European(13) results would appear to be no better.

For example, the widely cited study of Campeau et al 10 shows an occurrence
of angina pectoris at one vyear 1in 38% of the patients, rising to 45% at
three vyears and to 63% at seven years after the operation. Cameron(g) found a
linearly increasing fraction with angina ranging from 37% at one year to 50%
at seven years. The European Corcnary Surgery Group study has published

results for the first three postoperative years(13)

. At one year, 42% of
the patients had anginal complaints and by three years this figure had risen
to S51%. Broadly speaking, our own results are in agreement with these studies
(see chapter 5}, although we found after 3 years no evidence for the continued
increase in 1incidence of angina such as was reported in the North American
studies. It is not possible to distinguish between differences in study design
and a true difference din recurrence rate of angina as the cause of these
contrasting ohservations.

The necessity for re-operation provides another measure of the efficacy
of the procedure, since the recurrence of severe symptoms is the indication
for additional surgery. Comparison with the results reported by other institu-
tions is confounded by differing policies and preferences, as discussed in
chapter 6. The percentage of patients in our study in whom re-operation was
carried out is 5% at a mean follow-up time of 4.8 years. In the Lliterature a
range of 3% to 9% has been reported(14“17). Re-operations are feasible with
Ltow operative mortality rate, 3.8% in our study. The cause of complaints is
most often failure of the bypass graft(s), especially if symptoms occur
within & months of the 1initial operation. Progression of disease in the
native circulation was seen if symptoms recurred much later. ALL in atl we
conclude that our results compare favourably with the international experience

regarding re-operations for angina pectoris.

8



8-3-2: The increased probability of survivai.

This study was not designed to specifically assess the effect of coronary
artery bypass surgery on leongevity. This would have required a concurrent
group of matched patients treated by pharmacological means only.

Several aspects of the results of surgery can, however, be compared with
results in the Literature. Let us consider in turn, peri-operative mortality
and Long-term survival for both the entire patient population and selected
kigh-risk subsets.

Mortality within 28 days of the operation wa s 1.2%, a result which
compares well with that reported by other groups. As discussed in chapter 4,
operative mortality has decreased in recent years from 10%¥ before 1970 to
less than 2% now. Therefore the 1,27 of our series falls well within that
range.

An  estimated survival probability of 90% at 8 years after surgery for the
entire patient population as found in this study, is the same as one would
have expected for an age and sex matched sample of the general Dutch popula=-
tion. This result is consistent with that reported by both Greene(18) and
KirkLin<1). In other series,the five-year survival probability has been
reported to vary between 87% and 97%. We found & survival probability at 5
years of 94% + 2% (95% confidence limits).

It has been reported (19,20 that the prospects for patients with dimpaired
Left ventricular function are Lless good. Neither we, nor others 17,200 have
have been able to demonstrate that bypass surgery provides an improved
probability of survival 1in this subgroup. Indeed, survival probability
at 5 years for patients with a moderately impaired ejection fraction (EPR)
was 92%, for those with a poor EF 83%, while it was 95% when a normal EF was
found pre-operatively.

(1,21 that patients with Left main disease or three

Others have shown
vessel disease form a high risk sub-set. The survival probability of this
high risk group was however not significantly different from that of the en-
tire patient population. This shows that the higher risk cennected to exten—
sive vascular dnvolvement is ameliorated by bypass surgery. Since more than
half of our patients fell dnto this high=risk subset we regard this as a

gratifying result.

8-3-3: The improved Left ventricular function.

Left ventricular function is generally not changed by coronary artery bypass

surgery. This is found when post-operative values are compared with the
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patient's own pre-operative value or when compared with those of pharmacolo-
gically treated patients 1in prospective randomized studies (22). In the
individual patients there ars different reactions to surgery: left ventricutar
function remains wunchanged 4in the majority, but it improves in some and
deteriorates in others. In all patients it is depressed in the immediate
postoperative period. It has been shown by Serruys et al (23} from our
Laboratory that recovery of postoperative function occurs with time and is
completed 1in three to six months after the operation. At one year fellowing
operation they found cardiac function to have returned to pre-operative
values, sometimes modified by an intervening myocardial infarction or by the
relief of ischemia at rest.

It seems important to recognise pre-operatively those patients who are
Likely to sustain a peri-operative myocardial infarction as well as those in
whom an improvement in cardiac funtion is Likely to occur. Meester et al (243
in an analysis of patients operated on in three Dutch centers, have shown that
an fdncreased wall mass index before surgery is associated with an increased
Likelihood of peri-operative myocardial infarction of 11% vs. 5% in the
patients with narmal watl mass. The identification of those patients whose
myocardial function 4is Llikely to benefit from coronary artery bypass surgery

remains an important challenge.

8-4: THE RELATIONSHIP BETWEEN COSTS AND RESULTS.

It is important to recognise from the outset, that no systematic study of the
"cost~benefit" ratic for coronary artery bypass surgery in the Dutch setting
has been dopme. Since hundreds of millions of guilders per year are devoted to
these operations, the matter seems worthy of more attention than it has re-
cejved to date, An in-depth analysis is beyond the scope of this study but
neither can it be ignored completely.

Let us consider the costs, both material and non-material. The direct fi-
nancial costs are those of the operation itself, with associated pre- and
postoperative tests as well as the time investment (including the recovery
period) of the patient. It is difficult to assign a number to this, but it is
clear that the total costs are substantial indeed. Internationally these costs
are estimated at U.S.$ 12.000 to 15.00C per procedure including recovery
period. The non-material costs are nearly impossible to guantify, but include
fear, anguish and pain, atong with the disruption of the normal Life pattern.

The benefits of surgical treatment of angina pectoris consist of increased
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Longevity for those patients with main stem or three vessel disease together
with an improvement in quality of Llife, at least as measured by a reduction in
the incidence of pain. Some published studies(23,26) haye noted an  increased
emplLoyment rate as one of the beneficial effects of the procedure, however,
this 1is not borne out by our findings. We found @7 that of +the 558 men,
aged 55 or yourger at operation, 230 (41%) worked in the last half year before
the operation. At a mean follow-up of 3.5 years, 41% was employed. Overatil
there was therefore no dincrease in employment rate in this group of patients.
This negative result 1is not unique to the Netherlands and has alsc been
repcrted in other North American studies (28'29).

A decrease in "late cardiac events', such as episodes of unstable angina
pectoris and myocardial infarction, is a potential benefit of coronary artery
bypass surgery. Data from the Seattle Heart Watch(BO) show that in 6 years
a 26% reduction in hospitalisation in the surgical group was achieved when
compared with the medical therapy group. Collins et al D compared the ex-
pense of revascularization surgery with the cost of continued medical manage-
ment in a consecutive group of 102 patients, taking the costs made in the 2
years before surgery as basis. In the 2 years after surgery fewer hospitali-
sations were necessary, which meant that the average amount of money spent on

surgery would be amortized in 4 years. Kloster (32

found in his prospective
study with randomization between medical and surgical management, no differ-
ence inm the rate of infarction, but did find a decrease in the number of hos-
pital admissions for unstable angina in the surgical group. Although extra-
polation of these results to our patient population is difficult, a potential
benefit seems plausible.

Clearly, the weighing up of the costs and the benefits of the procedure is
a complex matter. In the United States, two studies have been published, cne
concentrating on the financial costs of treatment (Qberman et aL,33), while
the other also takes intc account the "improved quality of Life" (Weinstein

34). Oberman et al (33)

and Stason, showed that the costs in the year of
catheterization were Lless for those receiving pharmacelogical treatment when
compared with those who also had an operation in the same year. Beyond
the first year no difference in medical care costs was found between the two
groups, hence the initial cost difference between therapies persisted. This

is in contrast with CoLLins'(31)

conclusion which might be caused by a
difference in method: the former group used 2 data bank of patients undergoing
surgical and pharmacological therapy white in Collins® case the same patient

was observed 4n the course of the disease. Weinstein and Stason (343
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concluded that there is a net gain from surgical treatment of symptomatic

"

patients per quality adjusted year of Life™. In the analysis of Weinstein
this net benefit extended even to those with single vessel disease,

Complex analyses such as those of Weinstein remain controversial and are at
the wvery Least, culture dependent. There exists therefore a real need for a
systematic cost-benefit assessment of coronary artery bypass surgery in the

Netheriands.

8-5: THE PHYSICIAN AND THE INDIVIDUAL PATIENT.

What should we advise the iJndividual patient with stable angina pectoris,
today? An  unequivocal recommendation cannot be extracted from the available
information, dncluding this study. What follows is my perscnal judgement,
which represents a synthesis of the published experience of others, this
study, and my own experience, which Largely reflects that of my collegues
with whom I work.

Medical treatment with nitrates, beta-adrenergic blecking agents and/or
calcium channel blockers should be given initially to all patients with stable
comptaints i.e. the patient with complaints predictably induced by exercise
and/or emoticns and who experiences prompt relief at rest or with
nitroglycerin, Fixed atherosclerotic Llesions are generally found in this
condition. When the complaints remain a serious impediment for a near-normal
Life style or if the treatment is not well tclerated, cardiac catheterizatioﬁ
with coronary angicgraphy shoutd be performed. When three vessel disease oH
Left main stem stenosis 4ds found, and surgery is technically feasible, an
operation shoutd be advised. When one- or tuwo-vessel disease is found the
decision depends on the perceived severity of the symptoms despite optimal
pharmacological management. If surgery s indicated and the lesion Lends:
itgself o this procedure percutaneous transluminal angioplasty should bez
performed by preference. With the technigues developed in the Last 2-3 yearsk
this procedure is now feasible in 20% cof the patients(35' 36),

If the angina pectoris i3 unstable di.e. symptoms occur at rest, are
not promptly relieved by nitroglycerin or pain attacks cccur with increasing
frequency and severity, clinical ohbservation and aggressive medical management

are indicated(37)

. If the situation remains unstable, which s fortunately
rare, prompt coronary angiography and surgery is indicated, even if only one
vessel is involved. When the situation becomes more favourahle and mobilis~

ation is tolerated, evaluation on an elective basis can be performed. O0ften
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these patients revert to a stable phase of their disorder.

Finally, in each individual patient, it is most important that the patient
comes to grips with the constraints which the disease will place on his or her
Life style. Both patient and physician must recognise that what is intolerabie
to one person may be guite acceptable to another. Ideally the judgement
should be left to the patient, however the attitude of the physician to
surgery, the opinion of relatives and experiences of others known to the
patient, prove to be important influences as well,

Even though there 1is as yet no accepted "cost-benefit" analysis every
individual patient 1is forced to do his or hers, and should herein be wisely

guided by a cardiologist experienced in these matters.

8-6: RECOMMENDATIONS FOR EVALUATION STUDIES.

From the preceding considerations it can be concluded that future evaluation of

the results of aorto-coronary bypass surgery would be greatly facilitated by:

ay The classification of the complaints of the patient in a standardised
manner both before and after surgery.

b) A statement on the treatment goal in each individual patient before
surgery,

¢} The choice of post-operative measurements, which should be the result of
a well thought out follow-up program and not be decided upon by ad hoc
decisions.,

d) An analysis in the Netherlands, via the currently available health care
assessment technigues, of the results of aorto-coronary bypass

procedures.
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CHAPTER 9@

SAMENVATTING

Het doel van deze studie 1is een beschrijving te geven van de resultaten van
aorto-coronaire bypass chirurgie bereikt in &8n Nederlands instituut. Hiermee
kan duidelijkheid ontstaan over de doelmatigheid van de procedure en kunnen de
verwachtingen van patient en verwijzende arts beter op de realiteit werden af-
gestemd. Bovendien schept het de gelegenheid om de uitkomst van de operatie te
vergelijken met de resultaten bereikt in instituten elders in de wereld.

Van alle 1041 patienten die in de periode 1971 t.m. mei 1980 coronair chi-
rurgie ondergingen, worden de resultaten van operatie besproken, De duur van
de vervolg periode bedraagt maximaal 10, minimza! 1, gemiddeld 3,5 jaar. De
indikatie voor de chirurgische ingreep was altijd angina pectoris, niet vol-
doende verlicht door middel van uitgebreide medicamenteuze therapie.

Hoewel de aorto coronaire bypass operatie, zoals die nu wordt uitgevoerd,
pas voor het eerst werd toegepast in 1967, werd al in 1916 met chirurgische
therapie voor angina pectoris begonnen. Zoals in hoodstuk 2 beschreven, evolu-
eerde die aanpak via een sanvankelijke pijn bestrijding door doorsnijding van
zenuwbanen, naar een diffuse vergroting van de bloed toevoer in het myocard
door het veroorzaken van ontstekingsweefsel rondom het hart. Later poogde men
extra arterieel bloed te brengen in specifieke delen van het weefsel, dat ver-
ondersteld werd ischemisch te zijn door vernauwingen in het toevoerende bloed-
vat o.a. door implantatie van de arteria mammaria in het myocard. De resulta-
ten van deze vroege chirurgie laten een verbetering zien in klachten bij 60
tot 80% van de geopereerden onafhankelijk van de gebruikte coperatie procedure.
Dit brengt nog eens onder de aandacht hoe moeilijk het is om een operatie re-
sultaat te beoordelen, zeker wanneer dit de behandeling hetreft van een pijn-
klacht als angina pectoris.

In hoofdstuk 3 wordt de questionnaire waarmee de gegevens over de algemene
toestand post-operatief werden verzameld, beschreven en de reaktie erop geana-

lyseerd. Benadrukt wordt hier dat, hoeuwel er geen objektieve gegevens voorhan—
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den zijn over de mate waarin angina pectoris nog aanwezig is bij de respon-
denten, wel eensluidend werd geantwoord op de diverse vragen die betrekking
hadden op pijn op de borst. Er was bovendien een overeenstemming in de ant-
woorden bij de 76 patienten die persoonlijk werden ondervraagd van 846% met hun
reakties via de vragenlijst. Deze 76 patienten werden witlekeurig gekozen uit
de totale groep wvan 920 respondenten. Het subjektieve gevoet van verbeterd ie
zijn na de operatie gevonden by 89% van degenen die de questicnnaire beant-
woordden,wordt bovendien gesteund door de uitkomst van het gesprek. Gezien het
feit dat 95% van de 969 nog in leven zijnde patienten antwoordden, is aange-
nomen dat de data van de questionnaire representatief geacht kunnen worden.

De overlevingskans van deze 1041 patienten, wordt besproken in hoodstuk 4,
be sterfte binnen 28 dagen na operatie bedroeg 12 (1,2%). De kumulatieve over-
levingskans 5 jaar na operatie werd berekend op 94 + 2% en 8 jaar na operatie
90 + 4% (95% betrouwbaarheidsgrenzen). Voor de algemene Nederlandse bevelking
met dezelfde Leeftijdscpbouw en geslachtsverdeting, zou dit respectievelijk
G4 6% en 90,1% zijn, Multivariaat analyse toonde verder dat er geen relatie
was tussen sterftekans en sexse of Leeftiid bij operatie. Er was een niet sig-
nifikante hogere sterftekans bij uitgebreidere afwijkingen aan de coronair ar-
terien en een duidelijk signifikant samengaan van hogere sterftekans met ver-
minderde Linker ventrikelfunktie. Er werd derhalve gekonkludeerd dat bypass
¢chirurgie de risikofaktor inherent aan de uitgebreidheid van het coronairlij-
den mitigeert, maar dat dit niet het geval is wannesr er van verminderdes Lin-
ker ventrikelfunktie sprake is.

Zoals besproken in hoofdstuk 5 is het op zich teleurstellend dat 47% van de
920 respondenten regelmatig angina pectoris als klacht ervoeren tijdens het
vervolg onderzoek. Pijn op de borst kwam €8n jaar na operatie bij 277 patien—
ten wvoor (30%). Na 3 jaar was dat 46% en na 8 jaar 50%. Daarna nam de fraktie
met pijn niet verder toe, Toch voelt 89% van de respondenten zich verbeterd
ten op zichte van voor de operatie. Er wordt ook een correlatie gevonden tus-
sen het opnieuw optreden van angina pecteris en jongere leeftijd ten tijde van
de operatie maar dit geldt alleen voor mannen. Bij 169 patienten van de 920
die de questionnaire beantwocrdden werden ook hartkatheterisaties verricht in
de postoperatieve periode., 1In deze groep wordt een correlatie gevonden tussen
angina pectoris en de doorgankeliikheid van de vaatent alsmede de aanuwezigheid
van progressie van afwijkingen din de <coronair arterien. Dit onderzoek toont
eveneens aan dat post-operatieve angina pectoris vroeyg na de operatie gerela=
teerd is aan een verminderde doorgankelijkheid van de vaatent, terwijl dit la-

ter gerelateerd is aan progressie van de corenair sclerose in de eigen vaten.
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In hoofdstuk 6 blijkt dat 53 patienten (5,2%) een heroperatie ondergingen
gedurende de onderzochte vervolg periode. De operatiesterfte bij deze herhaal-
de procedure was niet signifikant heger dan voor de eerste operatie: 3,8% ten
opzichte van 1,2%. Het blijkt dat wanneer symptomen van angina pectoris optre-
den hinnen & maanden na de eerste operatie, de oorzazk bijna altijd Ligt in
een falen van de bypass graft{s). Treedt angina pectoris later na de eerste o-
peratie op dan wordt bijna altijd progressie in het eigen vaatstelsel gevonden

Tenslotte worden in hoodstuk 7 de gegevens besproken bij 221 patienten,
verkregen bij twee herkatheterisaties respectievelijk €8n en 3 jaar na de ope-
ratie, Tot deze 221 patienten behoren de 169 besproken in hoodstuk 5 en diege-
nen die niet reageerden op de guestionnaire of elders in Rotterdam werden ge-
opereerd. De gevonden afwijkingen in de vaatenten en de eventuele progressie
of regressie van coronair vaatvernauwingen in de eigen vaten, worden gecorre-
Leerad met de bekende risikofaktoren. Het blijkt dat er geen relatie bestond
tussen risikofaktcren en eventueel optredende vernauwingen in de vaatent,

In hoofdstuk 8 worden de beperkingen besproken van deze retrospektieve
studie., Bovendien worden de uitkomsten van de studie getoetst azan het behande-
Lingsdoel, namelijk de verlichting van de klacht angina pectoris en daarnaast
mogelijk esen toegenomen overlevingskans of verbetering van Linker wventrikel-
funktie. Tevens worden aanbevelingen gedaan om toekomstige evaluatie van aorto
coronaire bypass chirurgie te vergemakkelijken. Bij het onderzoek is gebleken,
dat hoewel vele nuttige gegevens bekend ziin geworden, er toch nog vele be-
Langrijke vragen niet beantwoord kunnen worden. Wanneer wij in de toekomst de
individuele patient met stabiele angina pectoris klachten willen kunnen bege-
Leiden naar de best mogelijke therapie, dan is verder vergelijkend onderzoek
geboden. Desalniettemin blLijft bij de huidige dinzichten de aorto-coronaire
bypass operatie een belangrijke aanwinst voor de behandeling van de patient
met invaliderende angina pectoris met name bij hen bij wie deze klacht niet

verlicht wordt door optimale medicamenteuze therapie.
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