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Coronary Artery Surgery Study (CASS): Comparability of 10 Year
Survival in Randomized and Randomizable Patients

BERNARD R. CHAITMAN, MD. FACC, THOMAS J. RYAN. MD, FACC,*
RICHARD A. KRONMAL, PHD.? ERIC D. FOSTER, MD, FACC ¥

CASS INVESTIGATORSY

St. Louis. Missouri: Boston, Massachusetts: Seattle, Washington: Albany and New York. New York and

Bethesda, Maryland

The Coronary Artery Surgery Study (CASS) includes 780
patients with mild or moderate stable angina pectoris or
asymptomatic survivors of a myocardial infarction who
were randomized to either medical or surgical therapy and
1,319 patients who were eligible for randomization but
were not randomized (randomizable patients). There were
no substantial aggregate differences observed in any of the
survival comparisons after 10 years of folluw-up study
between the randomized and randomizable patients as-
signed to the medical (79% versus 80%) or surgical (82%
versus 81%) groups or in patient suhgroups stratified
according to coronary artery disease extent aug left ven-
tricular ejection fraction.

Cox regression analyses were done with independeni
variables known to be predictors of eurvival, including
surgical versus medical therapy and randomized versus
randomizabie group, to test the null hypothesis of a mor-
taliiy difference between medical versus surgical assign-

ment according to group assignment (randoiaized versus
randomizable). In no case did the initial grcup category
enter as a significant predictor of survival. The resulls in
the randomizable group reinforce those in the randomized
group with respect to the med:cal versus surgical comnar-
ison.

Twao subgroups are identified with a significant surgical
advantage: 1) patients with proximal lef? anterier descend-
ing coronary artery stenosis =70% and an ejection fraction
<0.50, and 2} patients with three vessel coronary artery
disease and an ejection fraction <0.52. In both groups,
coronary bypass surgery hud a statistically significant ben-
eficial efc<i on survival (p < 9.05).

After a decade of follow-up, the CASS rundomizable
patients corfirm conclusions reached on the basis of the
CASS randomized trial.

(I Am Coll Cardisl 1990;16:1071-8)

The Coronary Artery Surgery Study (CASS) recently re-
ported (1) the 10 year survival data from 780 patients wuh

medical or surgical management on a formal randomized
basis. The data show a similar l() year survival rate for the

mild or moderate stable angina pectoris or asymy

i icall d patients (79% versus

survivors of a myocardial infarction who werc assigued Lo

lly versus
82%; p = NS). When the patients were analyzed by sub-
groups. the 10 year survival rate was significantly greater in
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lly d patients whe had an ejection fraction
<0.50 lhan in patients assigned to a strategy of initial
medical management (79% versus 61%; p = 0.01). In pa-
tients with three vessel coronary artery disease and an
gjection fraction <0.50, the {0 year survival rale was 75%
versus 58% (p = 0.08) in the surgical versus the medically
assigned patier.is. The 10 year survival rate for patients with
less extensive coronary artery disease and for those with
three vessel coranary disease and an ejection fraction 20.50
was similar in both groups ().
The late results of the European Coronary Surgery Study
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(2} reveal a significant improvement in the survival rete in
patients with three vessel disease and normal left ventricufar
function with surgical treatment, and the Veterans Admin-
istration randomized trial (3) reports findings similar to the
CASS results. Differences in the results among the three
randomized trials have been explained in part by differing
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Table 1. Entry Characteristics of Randomized and
Randomizable Patients

baseline characteristics (4). The CASS d patients
have been described (5) as a selected group at low risk who
might have been expected to do weli from the outset. In any
randomized study, questions arise about the extent to which
patients are rep of the p from which
they are drawn and how that population is representative of
the general patient population (4-6). The CASS trial is the
only one of the three randomized medical-surgical trials in
patients with coronary artery disease that was designed in a
manner to allow this problem to be addressed, in part, by
carefully collecting detailed clinical and angiographic de-
scriptors of partici and by ing a registry of
eligibie paiieats from which the randomized cohort was
drawn (7).

From August 1975 to May 1979, 780 patients were ran-
domized to a strategy of medical management unless later
symptoms required coronary revascularization or coronary
bypass grafting. There were 1,319 patients eligible for ran-
domization who were not randomized because the pahents
or their physicians declined participation in the rand

Randomized  Randomizable  Value
No. of patients 780 1,315
Mean age (yr) 51 51 01
Male L] 9 (]

Y i 2 2 01
Cigarette smaker @ 3 0.002
Previous M 60 57 0.1
Hypertension 3 7 0.07
Diabeles mellitus 9 6 0.05
Peripheral arteiy discase 8 8 [(A]
Norma! electrocardiogram 29 4 a1l
1 VD >70% stenasis 27 2 0.06
2 VD >70% stenosis 40 35
3 VD >70% stenosis 3 3
LMCA stenosis 509%6-695% 2 5 0.0001
Proximal LAD stenosis 270% 2 36 0.06
EF <0.50t 21 19 0.1

*Four randcmizable patients excluded (see text); tmeasured in 1,723
patients, A data arc percentages except s noted. LAD = left anterior
deseending coronary arlery; LMCA = left main coronary artery; Ml =
myocardial infarction: VD = vessel disease.

proximal left coronary artery disease in the randomizable
group (Table 1).

trial. The latter are referred to as the rand, ble group;

d and randomizable patlents, Patients in the

4

detailed entry characteristics and 5 year survival rates in this
group have been previously reported (8). The aim of this
report is fo 1) compare the 10 year survival rate in medical
randomizsd with medical randomizable patients and surgi-
cal randomized with surgical randomizable patients, and
2 ine whether incl in the rand d or random-
izable cohort was a factor in determining the 10 year survival
rate.

Methods

Siudy group. Coronary angiography was performed in
16,626 patients at 11 institutions participating in the random-
ized trial from August 1, 1975 to May 31, 1979. Of the 16,626
patients, 2,099 met randomization criteria; 780 were random-
ized and 1,319 constitute the randomizable group, The
protocol was approved by the institutional review board at
each participating institution, and all patients signed an
informed consent form. Of the 780 randomized patients, 390
were assigned to the medical group and 390 to the surgical
group, Of the 1,319 randomizable patients, 745 were in the
medical group and 570 were in the surgical group. Paseline
characteristics of the randomized and randomizable patients
revealed 2 greater proportion of cigarette usage, hyperten-
sion and diabetes in the randomized prsup and a greater
percent of patients with single vessel coronary disease and

d trial were d to medical or surgical ther-
apy on the basis of formal randomization, A randomizable
paticnt was considered to be in the surgical group if he or she
had surgery within 90 days of cardiac catheterization or
within the period (for that institution) in whick 95% of
'mlents undergoms surgery within 1 year of cardiac cathe-

ad surgery, which wag greater. The actual
date of sur»ery determined the starting point for survival
analyses (%). Randomizable patients who did not have sur-
gery within this time interval constitute the medical group.
The starting time for the medical patients was assigned from
the average time to surgery as defined earlier, Of the 1,319
randomizable patients, 4 were not classified into cither the
medical or the surgical group; they died before the average
time lo surgery at their institutions, did not have surgery and
are not considered in this report.

Anglographic and surgical descriptors. The number of
diseased vessels was classified according to the aumber of
lum:na! nnrrowmgs 270% in specific vascular territories as
p sly described (7), with the exception of the left main
coronary artery where a 50% luminal narrowing was consid-
ered important. Of the 390 patients randomized to surgery,
96.3% had vein grafts and 16% had internal mammary artery
grafis, reflecting the time peried patients were enrolled into
the CASS, Cf ite 570 randomizable patients assigned to
surgery, 98.3% had vein grafts and 10% had internal mam-
mary artery grafts. The average number of grafis inserted
was 2.3 and 2.4 in the randomized and randomizable pa-
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SURGERY |
\

tients, respectively; the 30 day operative mortality rate was
1.4% and 1.2%, respectively.

Data acquisition. At entry, historical, clinical, laboratory
and angiographic data were obtained for the randomized and
randomizable patients in an identical manner. The only
exception was that maximal symptom-limited exercise test-
ing and determination of hematocrit, blood creatine, glu-
cose, cholesterol and triglycerides was expected in the
randomized patients but optional in the randomizable pa-

includes all randomized ard randomizable patients. Addi-
tional analyses on patient subgroups includeri analyses strat-
ified by number of diseased vessels, ejection fraction and
presence or absence of proximal left coronary artery dis-
case.

The variables considered in the Cox analyses were:
therapy (medical versus surgical), maximal stenoses of cor-
onary artery segmients, proximal left coronary stenoses,
smoking, hypertension, diabetes mellitus, group selection

(randomized versus randomizable), Canadian Cardiovascu-

tients. During the follow-up period, 1 patients
were examined at 6 month intervals. The status of random-
izable and other registry patients was evaluated at 12 moath
intervals. A rest electrocardiogram (ECG) was obtained at 6
month intervals for 2 years and annually thereafter in ran-
domized patients, whereas the ECG was obtained annually
in randomizable patients.

Follow-up and data analysis. As of September 2, 1988, the
mean duration of follow-up study was 10.6 years. Vital
status is known for 778 randomized patients; 2 were lost to
follow-up study after 4.5 and 10.5 years, respectively. Of the
1,319 randomizable patients, vital status is known for 1,313;
6 were lost to follow-up study after an average of 6.3 years
(range 3 to 9).

Survival curves and time to surgery curves are given
using the life table method. Al follow-up data are used to
compute the log rank statistic and two-sided p values (10).
To further examine whether the experience of the random-
izable group is different from that of the randomized group
with respect to medical versus surgical comparison, Cox
regression analyses were done with independent variables
that have bezn shown to be predictors of survival in other
studies (11,12); in addition, surgical versus medical therapy
and classification of the patient as randomized or randomiz-
able were included, After all variables were allowed to enter
in a stepwise mann:r, the group variable (randomized or
randomizable) was forced into the equation. This analysis

lar Society angina classification (13), left main coronary
artery disease, left ventricular conitraction score, gender, age
and prior history of myocardial infarction.

All p values should be interpreted cautiously because of
the observational nature of the data and the muitiple tests
carried out.

Results

Follow-up results. There were no substantial or statisti-
cally significant differences observed in any of the survival
comparisons between the randomized and randomizable
patients in either the medical or the surgical group (Fig. 1 to
3, Tables 2 and 3). The 10 year incidence of coronary bypass
surgery was similar in the randomized and randomizable
patients who initially started in the medical group, with the

ptio*. of p ic posimyocardial infarctioa survi-
vors,  iere a greater percent cf patients in the randomized
cohort received surgery (40% versus 289%; p = 0.02). The
rates of coronary angioplasty during the 10 year follow-up
were: 2.35% and 1.4% in the medical randomized and random-
izable groups, respectively, and 2.6% and 1.3% i the
surgical group, respectively.

For patients with three vessel coronary artery disease
and stenosvs =70% in the proximal left caronary artery, the
10 year survival rate was similar in both the randomized and




1074 CHAITMAN ET AL.

i0 YEAR CASS RESULTS

JACC Vol. 16, No. 5
November 1, 1990:1071-8

RANDOMZADLE
ELE My, Or0i0:
h 0
80 ‘On0; }mmgu_n,a
SURVIVAL| = arvtrng
B0
70 e Figure 2. Surgically assigned patients
(n = 960). In the aggregate, the 10 year
P & survival rates in randomized and ran-
H domizable patients were virtually identi-
c 50 SURVIVAL P=65 cal (p = 0.85). The percentage of patients
5 o assigned to surgery who did not undergo
T a coronary bypass operation was small,
20 with >90% of patients operated on
RANDOMIZED within 6 months of randomization.
20
A } \ /
10
° -+ —+
o 1 2 3 5 L] 8 9 10

Figure 3. The [0 year survival rate in patients with three vessel
disease and proximal left coronary artery disease (stenoses =50%
but <70% in tie left main coronary artery or 270% in the proximal
left anterior descending coronary artery). Medically assigned pa-
tients are represented in the left panels and surgically assigned
palients in the right panels. At baseline, patients with an ejection
fraction (EF) 20.50 are represented in the upper panels and those
with an ejection fraction <0.50 it: the lower panels. The number of
palients at entry is indicated above the survival curve for the
randomized patients and below the survival curve for the random-
izable patients.

randomizable patients and in the medical and surgicai groups
stratified by ejection fraction (Fig. 3). Among patients as-
signed to the medical strategy, the percent of patients who
underwent late coronary bypass grafting was similar in the
randomized and randomizable groups. The results were
similar when patients with left main coronary artery disease
250% to 69% were excluded.

Cox regression analysis. Cox regression analyses were
applied to all of the randomized and randomizable patients.
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Table 2. Ten Year Actuarial Survivai in the Medical Group®

Randomized Randomizable

Group No. CABG (71 Na. Survival (%} CABGTH
CCS 111, EF >0.50 254 86 =5 2 482 853 it
CCS [-11, EF <0.50 34 $9 x4 k] 124 6529 16
Asymptomatic post-Mi X2 69 <10 407 139 76+ n
EF <0.50 8 6 =1 ) 153 60 x 10 L
1 VD, EF <0.50 11 56 = 30 i % 54220 i6
2 VYD, EF <0.50 35 65 = 17 3 4 71z 14 39
3 VD, EF <0.50 16 B =16 49 34 52+0 6
EF =050 283 B 40 419 85 x4 38
1 VD, EF 20.50 95 858 3 201 87 =5 pri
2 VD, EF =0.50 %9 85 =7 H 150 84+7 47
3VD, EF 20.50 90 84 =8 56 88 819 3
1 VD, proximal LAD stenosis = 70% H =P 14 53 89 =9 K1
2 VD, proximal LAD stenosis = 70% % T8N 43 i IR 54
3 VD, proximal stenosis LAD > 70% 51 [SENEY a4 5 €4 212 33
Total group 390 Y 20 s 83 7

*p > 0.10 for all survival betw :en and palients; ¥p > 0.10 for all coronary

bypass graft surgery (t between d and patients except for asymptomatic patients

after myocardial infarction (post-MD) (p = 0.2); survival = 95% cenfidence limits 'CL). Because of multiple

comparisans, a p value < 0.01 should be considered statistically significant. CABG =

coronary artery bypass grafting

by 10 years; CCS = Canadian Cardiovascular Society class: other abbreviations as in Table 1.

In no case did the initial group category (that is, being in the
randomized or randomizable cohort) enter as a significant
predictor of survival, even after adjustment for prognostic
covariates. Thus, the argument that patient selection for the
randomized trial resulted in nonrepresentative findings is not
supported by the data. The randomizable results reinforce
those of the randomized group with respect to the compar-
ison of medical versus surgical therapy. The 10 year survival
rate was similar for patients with one and two vessel

coronary disease stratified by ejection fraction and for pa-
tients with three vessel coronary disease whose ejection
fraction, was =0.50 (Table 4).

The only two subgroups for which there is a significant
surgical advantage are: 1) patients with proximai left ante-
rior descending coronary artery stenosis =70% and an
ejection fraction <0.50, and 2) those with three vessel
coronary artery disease and an ejection fraction <0.50. In
both of these groups (randomized and r pa-

Table 3. Ten Year Actuarial Survival in the Surgica! Group*

Randomized Randomizable
Group No. Survival (52) CABG (%) No. Survival (%)
CCS t-H, EF 20.50 260 825 92 368 B4
CCS I-1I, EF <0.50 52 80 x 12 94 00 010
Asymptomatic post-MI[ 7’ gr=9 95 ul 8110
EF <0.50 7 RS Of 8§ RER)
1 VD, EF <0.50 8 LLE 100 ? =34
2 VD, EF <0.50 8 82+ 14 160 5 B8
3 VD, EF <0.50 42 754 95 53 69 %13
EF =050 291 834 n 361 B4 xa
1 VD, EF 2 0.50 95 87+7 85 i 94=3
2VD, EF = 0.5¢ 126 =7 94 123 85«7
3 VD, EF 2 0.50 70 78 x0 98 158 =7
1 VD, proximal LAD stenasis 270% 0 B0 80 51 94 +7
2 YD, proximal LAD stenasis 270% 48 8 =11 9 83 8/x7
3 VD, proximal LAD stenasis =M% 0 S 100 129 RS
Total group 390 24 93 570 813
*p > 0.10 for all survival comparisons between randomized and rands ble patients. A as in

Tables | and 2.
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Table 4. Cox Regression Analysis (p = 0.03)

JACC Vol. 16, No. §
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No. of No. of Relative
Cases D-aths Variable Risk p Value
EF >0.50
All 1352 203 Previous M1 1.468 0.0002
Smaker 1.575 0.002
Age 1.028 0.007
LMCA 1.013 0.004
Gender 1.523 0.042
Group” 0.913 0.523
1VD 474 55 Previous M1 2.0M4 04
Smaker 1879 0.020
Gender 1.922 0.048
Group 0.675 0.149
VD 490 70 Group 0.842 0473
IvD 388 ki Gender 2903 0.002
Group 1.206 0.424
EF <0.50
Al 342 il Left ventricular score 1.157 <0.0001
‘Therapy 0514 0.001
Age 1.034 0,010
Group 1.219 0.304
1VD 50 19 Left ventricular score 1236 0.002
roup 1.528 0.3
vD 129 36 Group 0.089 0.798
3VD 163 56 Left ventricular score 1.125 0,006
1.043 0.026
Therapy 0.562 0.032
Group 1.248 0.410
Proximal LAD disease present
All 692 "7 Previous MI 1.567 0.001
Therapy 0.601 0.003
Age 1012 0.009
Liabetes 1.664 0.025
Smaker 1517 0.018
LMCA 1.012 0017
Left ventricular score 1.084 0.050
Group 0.7%9 0.18
EF = 0.50 417 7 LMCA 1021 0.001
Previaus M1 1.629 0.006
Age 1.051 0.006
Smoker 1,668 0.041
Group 0.640 0.060
EF <0.50 124 45 Therapy 0.336 0.001
ccs 1327 (X))
Group 0.950 0.868
Proximal LAD disease absent
All 130 25 Left ventricular score LI <0.0001
moker 1.809 <0.0001
Age 1032 0.001
Previous Ml 1313 0011
Hypertension 1.350 0.032
Group 1176 0239
EF 20.50 888 126 Smoker 1.552 0014
Previous MI 1351 0.020
Group .17 0,540
EF <0.50 21 64 Left ventricular score 1176 0,000
Age 1.035 0.47
Group 1.360 0.225
EF <0.50and 3 VD » 2% Age 1.078 0.017
Left ventricular score 1.156 0.017
roup 1431 0.381

*Group =

as in Tables 1 and 2.
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tients), coronary bypass surgery had a statistically signifi-
cant beneficial effect on survival (p < 0.05). The reduction in
the mortality rate as a result of surgery is 66% for the former
group and 44% for the group with three vessel coronary
disease. Further stratification of the proximal left anterior
descending artery variable was not performed because of
insufficient power to test statistical differences. When Cox
analysis of the combined randomized and randomizable
surgical group was applied including internal mammary
artery conduit 2s a covariate, the use of the arterial conduit
was associated with a reduction in the relative mortality risk
of 0.554 (conficence interval 0.319 to 0.964).

Discussion

After a dec wde of follow-up study, there are no substan-
tial or statistically significant differences in any of the
survival comparisons between the CASS medical random-
ized and randamizable patients or between the surgical
randomized and randomizable patients. The data confirm
earlier observations (1,3,14) that survival after coronary
bypass grafting is improved compared with an initial medical
strategy in patients who have three vessel coronary disease
and an ejection fraction <0.50, although the difference is less
marked at 10 years (p = 0.08). Ten year survival rates are
similar in medically and surgicaily assigned patients with less
extensive coronary artery disease or those with three vessel
corenary disease and an ejection fraction =0.50 {1).

Baseline char istics. Detaited b clinical and
angiographic descriptors permit an examination of the pa-
tient poo! from which the randomized patients were se-
lected. There are differences between baseline characteris-
tics of the randomized and randomizable patients when
examined in the aggregate (Table 1). illustrating that a
greater proportion of the randomized patients were cigarctte
smokers and had hypertension and diabetes. In addition. the
randomized cohort was less likely to have single vessel
corenary disease, proximal left coronary artery disease or a
normal ejection fraction. Thus, although the differences ave
small, the randomized patient on the average had a worse
atherosclerotic risk profile, poorer left ventricular function,
a similar extent of multivessel coronary disease and slightly
less frequent proximal left coronary artery disease. We
cannot rule out the possibility that there are differences in
unmsasured variables between the two groups that might be
important, even though we selected baseline variables
known to be important from previous data (11,12). In CASS
patients, analysis of therapeutic effect has always been
reported on the basis of clinical, anatomic and functional
subgroups.

Impact of group assignment. A major question is whether
any differences between the randomized and randomizable
groups have an impact on survival in terms of the overall
conclusions of the CASS. We addressed the issue of the

CHAITMAN ET AL,
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effect of group assignment after adjustment for important
prognostic covariates on the overali conclusions of the
CAES by treating the randomized and rendomizable patients
as one larger group of subjects under observation. We
included the sroup assignment as a vovariate. Group assiga-
ment refers to whether the patient is in the randomized or
randomizabie group. This important indicator variable ud-
Justs for cther potentially prognostic factors that might have
gone unmeasured but were used by the physician to deter-
mine whether or not an individual would be randomized. The
adjustment for covariates is also important because it partly
answers the question as lo whether 1he results would have
been different in the randomizable group because they had
more or less severe disease or a different mix of disease
catcgories (that is. comparing surgery and medicine afler
adjustment for possible differences in the severity of disease
in the surgically or medically treated patients). When this
was done, overall (that is, for the entire group of paticnts),
there were no differences beiween medical and surgical
survival rates or significant differences belween medical
survival rates in rand d versus randc paticnts or
between surgical survival rates for randomized versus ran-
domizable patients. Analysis by subgroup confirms the re-
ported results of the CASS randemized trial in that the only
subgroups that show statistical significance are those with a
low ejection fraction, patieats with three vessel coronary
artery disease and those with disease of the left anterior
descending coronary artery.

Clearly. the overwhelming impression from the resulis of
the CASS randomized and randemizable groups of patients
is that among these mildly symptomatic patients the survival
rates of the randomized and randomizable patients who
received either initial medical therapy or coronary bypass
grafting are basically identical. We believe that the CASS
results can be extrapolated to the larger group of patients
with coronary artery disease who meet CASS entry and
exclusion criteria. The CASS randomized and randomizable
data should not be extrapolated to other groups of patients
with coronary artery disease who do not meet these criteria.

Statistical power. The CASS had relatively few patients
with a poor ejection fraction in the randomized group.
Clearly. in a consecutive series of patients undergoing car-
diac catheterization, patients who have marked impairment
of left ventricular function and single vessel coronary dis-
ease are uncommon; in the CASS, only 19 such patients
were randomized. However, in the randomizable group, we
find exactly the same results; there is no improvement in the
10 year survival rate as a result of coronary bypass grafting.
In fact, the surgical-medical curves are superimpasable. The
same holds true for patients with two vessel coronary artery
disease. The statistical power lo examine therapeutic differ-
ences would be greater if a larger patient sample were
obtained. The evidence from our 10 year data, however, is
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that there is little difference between medical and surgical
therapy in these subgroups.

Conclusions. There are no substantial or statistically sig-
nificant differences in any of the survival comparisons be-
tween the CASS randomized and randomizable patients
asslgned to medical or surglcal therapy. Even when CASS

d d and rand patients are ed in the
aggregate (that is, as if they were one group of patients in an
observational study), one would come to exactly the same
conclusion as was reached on the basis of the CASS ran-
domized trial. In essence, the CASS conclusions remain
corect even after a decade of follow-up study and careful

ion of the rand d and randomi groups.
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