Comparison of coronary angioplasty with
medical treatment for single- and double-vessel
coronary disease with left anterior descending
coronary involvement: Long-term outcome
based on an Emory-CASS registry study

The 3 to 5-year clinical outcomes of 627 consecutive patients selected for treatment with
percutaneous transluminal coronary angioplasty (PTCA) at Emory University Hospital for one- or
two-vessel coronary artery disease with invoivement of the left anterior descending coronary
artery, between July 1981 and June 1983, and 865 patients in the Coronary Artery Surgery Study
with similar coronary artery disease involvement selected for medical therapy between 1975 and

1979 were compared. Cox analyses and stratified life table analyses were used to adjust for
differences in 13 variables including concurrent medical therapy. Complete follow-up was
obtained in 97% of PTCA patients and 99% of medically treated patients. After correction for
baseline differences in significantly predictive variables, there was no difference between the
relative risk of death after PTCA vs medical therapy (RR = 0.7; p = 0.36). However, results of
analysis of prospectively defined subsets showed a potential survival benefit after PTCA for
patients with an ejection fraction <50% (RR = 0.2; p = 0.02) and also for patients with
two-vesse! disease (RR = 0.2; p = 0.04). For the groups as a whole there was no difference in
risk of infarction after PTCA and medical therapy (RR = 0.8; p = 0.58). However, for patients
with 90% to 99% LAD stenosis there was a trend toward lessened risk of infarction after PTCA
(RR = 0.6; p = 0.15). No patient subset had a higher risk of death or infarction with PTCA

(p < 0.15). The likelihood of later surgery was increased after PTCA (RR = 1.5; p = 0.002).
Angina, employment, and activity levels were improved after PTCA. Thus PTCA compared to
medical therapy was associated with improved functional status and may decrease the risk of
death and infarction in certain patient subsets. However, bypass surgery was more often
performed in patients initially treated with PTCA. These data should be interpreted in light of
their nonrandomized study origin and generation from different clinical sites. (AM HEART J

1989;118:208.)
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and to the extent of coronary disease, usually mea-
sured as the number of diseased vessels.1* In addi-
tion, disease involvement of the left anterior de-
scending coronary artery (LAD) may increase mor-
tality beyond that expected based on the number of
diseased vessels alone,” 8 presumably because it sup-
plies more left ventricular mass than the other coro-
nary arteries.” Specifically, disease limited to the
LAD is associated with mortality rates 1.5 to 5 times
that of disease limited to the other major epicardial
coronary arteries.5!! Prognosis may be especially
poor and impairment of left ventricular function may
be especially severe when significant stenoses are lo-
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cated proximal to the first major septal perforator of
the LAD.712-15 Two-vessel coronary artery disease
with LAD involvement also has a worse prognosis
than two-vessel coronary disease without LAD
involvement.5- 7 16

Surgical revascularization improves survival in
patients with coronary artery disease who have left
main disease and three-vessel disease with moderate
ventricular impairment or severe angina despite
medical therapy. In addition, results from the Euro-
pean Cooperative Study!® suggest that survival in
patients with two-vessel and proximal LAD involve-
ment may be improved in comparison with results of
medical therapy, as does the Coronary Artery Sur-
gery Study (CASS) registry for patients with two-
vessel involvement, class =3 angina, impaired ven-
tricular function, and narrowing of at least one prox-
imal coronary artery.l” Coronary artery bypass
grafting has not been shown to increase survival in
any subset of patients with single-vessel disease or
with other subsets of patients with two-vessel coro-
nary disease.l® 18 Furthermore, bypass grafting has
not been shown to decrease the rates of myocardial
infarction in any anatomic subgroup.!®

An alternate form of revascularization, percutane-
ous transluminal coronary angioplasty (PTCA), has
been widely recommended and applied for the treat-
ment of symptomatic single-vessel and more recently
multivessel coronary disease. Although angioplasty is
angiographically successful in 90% of selected
patients?9-22 and is usually associated with clinical
improvement,? a benefit in terms of improved sur-
vival and lessened risk of infarction has not been
demonstrated. Several major randomized clinical
trials have recently been undertaken to address the
appropriate role of PTCA in the management of pa-
tients with coronary disease. Results from these
studies will not be forthcoming until the 1990s. In
such a circumstance the examination of clinical
results obtained from large, carefully defined, and
matched patient populations, adjusted for differ-
ences in baseline variables, is the best method of de-
fining the efficacy of a given intervention in the
interim.24 Accordingly we compared the 3 to 5-year
results of medical and PTCA treatment of patients
with one- and two-vessel coronary disease and in-
volvement of the LAD by means of the comprehen-
sive CASS and Emory University Hospital PTCA
data bases to better define the role of PTCA in the
management of patients with coronary disease.

METHODS

Patient sources—angioplasty. From July 1980 through
December 1985, a total of 5290 patients underwent PTCA
at Emory University Hospital. Although there is no record
of the total number of patients referred to Emory for con-

PTCA vs medical therapy 209

sideration for PTCA, probably one quarter of the number
of patients accepted into this study who also had single- or
double-vessel disease with involvement of the LAD were
refused PT'CA during the same time period because they
were thought to be technically unsuitable or at “high risk”
for complications of the procedure. Since June 1981, the
primary success rate for LAD dilatation has been relatively
stable and has exceeded 90% . The primary success rate was
lower during the time period before May 1981, and this pe-
riod has been described as the “learning period”.2® To al-
low maximum time of follow-up at current levels of
efficiency, the time period July 1981 through June 1983 was
arbitrarily chosen for patient entry. During this time
period 914 patients had elective PTCA of the LAD, of
whom 754 had single-vessel disease (defined as stenosis
limited to one major epicardial vessel compromising =50%
of the normal lumen diameter by visual inspection) and 160
had double-vessel disease.

Patient sources—medical treatment. The CASS is a
multiinstitutional research project consisting of a random-
ized trial of the medical vs surgical treatment of coronary
artery disease and a larger registry of patients who under-
went diagnostic evaluation including coronary angiography
for suspected coronary disease and were followed for sub-
sequent cardiac events.?6 Between August 1975 and May
1979, a total of 24,179 patients underwent arteriography for
suspected coronary artery disease and were entered in the
CASS registry study. Of these 5594 had documented sin-
gle- or double-vessel LAD disease. Based on physician and
patient preference, 290 of these patients were randomized
to either medical or surgical therapy.?® Of the patients that
were not randomized, 3115 patients were treated initially
with medical therapy and 2189 patients received initial
surgical therapy. Patients treated with initial medical
therapy were eligible for this study. Of these 54% of
patients were treated with nitrates alone, 42% also re-
ceived beta blockers, and 6% received antiplatelet agents.

Eligibility criteria. All medically treated patients in the
CASS registry and all PTCA patients in the Emory
University Hospital study (except as noted previously) who
met the following inclusion and exclusion criteria were en-
tered into the analysis.

Inclusion criteria. Patients were inciuded for the fol-
lowing reasons: (1) Single- or double-vessel disease (=50%
diameter stenosis in a major epicardial vessel); (2) 50% to
99% stenosis in the LAD or a major diagonal branch; (3)
Canadian Heart Association class I to IV angina; (4) known
use or nonuse of beta blockers and calcium channel block-
ers (to allow comparison of medical therapies); and (5) for
the PTCA group only, angioplasty performed at one or
more sites of LAD stenosis (with or without dilatation of
other vessels).

Exclusion criteria. Patients with akinesis or dyskinesis
of the anterobasal, anterolateral, or apical segments on
baseline the right anterior oblique ventriculogram were
excluded.

Angioplasty technigue and follow-up. The technique of
PTCA has been described elsewhere.2” All procedures were
performed by one of three highly experienced independent
operators (A.R.G., 3.B.K,, or J.5.D.). After PTCA the pa-
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Table I. Baseline patient characteristics

Medical Initial PTCA
Characteristics therapy therapy

No. of patients 865 627
Age (yr; mean + SD) 53+ 9 54 + 10
Sex (% male) 74.1 75.0
Angina class (%)

I 9.6 16.6

11 46.6 41.7

I 34.6 29.8

v 9.2 11.9
Unstable angina (%) 42.6 48.9
Employment status

Full time 56.4 68.61

Part time 9.7 5.7

Retired 10.2 14.8

Medically retired 15.6 7.4

Other 8.1 3.6
Number of diseased vessels*

One 41.7 83.3§

Two 58.3 16.7§
Maximum % LAD stenosist

50-69% 37.8 20.0§

70-89% 35.4 55.2§

90-99% 26.8 24.8
Proximal LAD stenosis (%) 24.5 35.1%
Left ventricular ejection 65 + 12 61+8

fraction (%)
Duration of follow-up (mo) 58 + 17 42 + 8%

*<50% narrowing of a major epicardial vessel {(see Methods).
+Visually determined.

1p = 0.001 by chi-square analysis.

§p < 0.01 by chi-square analysis.

tients were taken to a postprocedure monitoring ward or to
the coronary care unit where they were maintained on te-
lemetry for 12 to 24 hours after angioplasty. A 12-lead ECG
was obtained immediately after PTCA and daily for 2 days.
Creatine kinase levels, including isoenzyme determina-
tions, were performed immediately after PTCA and at 8
and 16 hours. All patients were medicated with transcuta-
neous nitroglycerin, an oral calcium-blocking agent, and
aspirin. If stable, patients were discharged 2 days after
PTCA.

Clinical, angiographic, and PTCA data, including ECG
and cardiac enzyme information, were recorded during
hospitalization by physicians on standard forms and stored
in a data base with the use of a VAX-11/750 computer.
Medical records, catheterization charts and, when neces-
sary and available, the relevant cineangiograms of all pa-
tients undergoing single- or double-vessel PTCA of the
LAD were reviewed to assure completeness and accuracy of
this data base. One hundred thirty-three patients were
eliminated from this analysis because of incomplete data
(age, sex, number of diseased vessels, location, and per-
centage diameter stenosis of all stenoses in the LAD and
other vessels, pre-PTCA left ventricular ejection fraction,
Canadian Heart Association angina class, presence or ab-
sence of unstable angina, and pre-PTCA use of beta block-
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ers, calcium channel blockers, and antiplatelet agents).
Elimination of a patient was most often necessary because
only the diseased vessel was visualized during the PTCA
procedure, and confirmation from referral angiograms of
the severity of disease in other vessels or left ventricular
function was not always available. In addition, 96 patients
who had previously undergone bypass surgery and 58 pa-
tients with a totally occluded LAD were eliminated.

All patients treated with angioplasty were contacted by
phone by trained technicians, nurses, or physicians after
January 1, 1986. Follow-up data were recorded on a stan-
dard form designed to match that used for follow-up of pa-
tients in the CASS.26 Patients or their relatives were ques-
tioned for the occurrence and dates of myocardial infarc-
tion, coronary artery bypass surgery, additional PTCA,
level of angina, occupational and activity levels, type of
medical therapy, and vital status. Personal physicians were
contacted when necessary to verify the cause of death and
the nature of the chest pain and to provide documentation
of myocardial infarction in all suspected infarctions and in
all hospitalizations of more than 5 days’ duration. In addi-
tion, ECGs were requested on 5% of randomly selected
patients (as was done in the CASS registry). Follow-up for
=30 months was 97% complete. Data were entered in a
VAX-11/750 computer for analysis.

Follow-up of medically treated patients. Annual clini-
cal follow-up was mandatory for all patients involved in the
CASS registry. Follow-up information was usually col-
lected by telephone interview or via mailed questionnaire?®
and was recorded on standardized forms. In addition,
ECGs were required periodically from a randomized sub-
set of patients in the registry. Further clinical details were
obtained in the event of suspected myocardial infarction,
hospitalization for more than 5 days, and cardiac surgery
or death. Follow-up for >30 months was 98 % complete. All
data were recorded for entry into the computer.

Definition of terms

Angina status. The patient’s average or typical level of
chest discomfort during the 4 to 6 weeks before entry into
the study and during the interval before each annual fol-
low-up was classified as follows: (1) class I = chest pain only
with strenuous or prolonged physical activity; (2) class
II = chest pain with rapid or moderate to extensive walk-
ing or stair climbing (more than two blocks or more than
one flight) or in cold or wind or when under emotional
stress; (3) class III = chest pain with minimal walking or
stair climbing, such as walking two level blocks or less or
climbing one flight of stairs or less at a normal pace under
normal conditions; (4) class IV = chest pain with any level
of physical activity or even at rest. In the event of a ques-
tion as to the nature of the patient’s symptoms, ancillary
evidence such as response to nitroglycerin or results of a
recent exercise treadmill examination were obtained.

Complete revascularization. This was anatomically de-
fined as restoration of patency (diameter stenosis <50% )
to all =2 mm vessels subserving apparently viable myo-
cardium (associated ventriculographic wall motion not
akinetic or dyskinetic).

Employment status. Each patient’s employment status
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Table 1. Impact of therapy on survival
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Relative risk

Variables entering multivariate of death p Value for
Subgroup* N7t analysis (p < 0.05) (PTCA/Medical therapy)} therapy}
Overall 1,407 No. of diseased vessels, baseline 0.7 (0.3-1.5) 0.36
activity level
Single vessel 821 Mazximum LAD % stenosis 1.2 (0.5-2.8) 0.71
Double vessel 586 Baseline activity level 0.2 (0.2-1.3) 0.04
Proximal LAD stenosis 482 No. of diseased vessels 0.5 (0.1-2.4) 0.40
No proximal LAD stenosis 925 Maximum LAD % stenosis 0.8 (0.3-1.5) 0.39
LVEF <50% 126 Baseline angina class § 0.02
LVEF =50% 1,281 No. of diseased vessels, age, maximum 0.8 (0.4-1.6) 0.50
LAD % stenosis
Stable angina 756 No. of diseased vessels, age, baseline 0.5 (0.2-1.5) 0.22
angina class
Unstable angina 648 No. of diseased vessels 0.7 (0.3-1.9) 0.53
*Prospectively defined.

+Total number of PTCA and medically treated patients with known data for all variables achieving univariate p < 0.05 as predictors of outcome.
tAfter correction for differences in baseline variables in the Cox model; 95% confidence intervals given in parentheses.

§No patients died after PTCA.

at the time of entry into the study and at follow-up was
classified as follows: (1) full time indicates the patient was
working an average of 40 hours per week or more; (2) part
time indicates the patient was continuously or nearly con-
tinuously employed but working an average of less than 40
hours per week; (3) retired indicates the patient had
stopped working after reaching retirement age as opposed
to quitting because of physician’s advice, incapacitation, or
fear; (4) medically retired indicates that the patient was
forced to retire before retirement age because of cardiac
symptoms with or without recommendation of a physician;
(5) other indicates that the patient was unemployed (by
economic circumstances or choice), on temporary sick
leave, or was disabled, as a result of a noncardiac illness.

Initially successful PTCA. This was defined as a reduc-
tion of all or of the most important stenosis (es) to <50%
residual diameter stenosis, with clinical improvement and
without myocardial infarction or bypass surgery during
hospitalization.

Myocardial infarction. This was defined clinically as
definite or probable infarction based on the development
of new diagnostic Q waves on the ECG,?8 elevation of car-
diac enzymes (=3 times upper limit of normal range), or
both.

Number of vessels diseased. The number of vessels dis-
eased was defined as the number of major epicardial
coronary vessels (left anterior descending, left circumflex,
and right coronary artery) or major branches thereof that
had a least one stenosis reducing the lumen by at least 50%
compared to the adjacent normal vessel. (Note: this defi-
nition varies from that in most CASS registry studies,
which use >70%.)2°

Partial revascularization. This was defined as revascu-
larization of one or more =2 mm vessels supplying appar-
ently viable myocardium but not all such vessels.

PTCA site. The PTCA site(s) was defined by means of
standard CASS nomenclature.28

Activity level. The patient’s daily recreational or phys-
ical activity level at the time of entry into the study and
during the interval since the last follow-up examination
was classified as strenuous, moderate, mild, or sedentary.
These descriptors referred to activities in addition to reg-
ular employment/homemaking. If the patient was retired
the descriptor referred to all daily activities. Examples of
strenuous activity included a second job including heavy
physical labor, heavy housework, or physically demanding
recreational activities usually involving competition, en-
durance, and/or team effort. Examples of moderate activ-
ity included a second job requiring moderate manual labor
or recreational activities performed for pleasure and relax-
ation without ideas of competition, endurance, or excel-
lence in them. Examples of mild activity included light
housework or recreational activities involving only slight
physical activity. Examples of sedentary activity included
a second job that did not require physical exertion or rec-
reational activities that could be done while sitting.

Unstable angina. The definition of unstable angina in-
cluded new or progressive angina within 2 months before
entry into the study and angina that occurred with mini-
mum activity and/or at rest.

Statistical analysis. Comparison of the baseline charac-
teristics of the PT'CA and medically treated groups was
performed with unpaired Student’s ¢ tests for continuous
variables and the chi-square test for catagoric variables.

All analyses of results were performed at the CASS co-
ordinating center. Determinants of death, myocardial in-
farction, bypass surgery, and angina, employment, and ac-
tivity levels were defined by means of Cox proportional
hazards linear regression analysis. Comparisons of treat-
ment outcomes were performed with Cox analyses and also
with life-table analyses, stratifying for variables that were
significant in the multivariate Cox analysis. All results re-
ported are from the former method of analysis unless oth-
erwise specified.
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Table IHl. Impact of therapy on rates of nonfatal myocardial infarction

Relative risk

of infarction p Value
Variables entering (PTCA/Medical for
Subgroup* Nt multivariate analysis therapy)} therapyt
Overall 1,343 No. of diseased vessels, maximum 0.8 (0.5-1.3) 0.58
LAD % stenosis, age, baseline
activity level
Maximum LAD % stenosis
50-69% 421 No variables achieved p < 0.12 1.0 (0.4-2.6) 0.94
70-89% 599 LVEF 1.1 (0.6-2.2) 0.74
90-99% 351 No other variables 0.6 (0.3-1.2) 0.15
achieved p < 0.22
Stable angina 747 Maximum LAD % stenosis 0.8 (0.5-1.4) 0.47
Unstable angina 621 Sex 1.0 (0.5-1.9) 0.98

*Prospectively defined.

tTotal number of PTCA and medically treated patients with known data for all variables achieving univariate p < 0.05 as predictors of outcome.

{After correction for differences in baseline variables in the Cox model.

Table IV. Impact of therapy on angina, employment, and activity levels at 3-year follow-up*

Variables entering multivariate Therapy with p Value for
End point N analysis (p < 0.05) better outcome therapyt
Angina class 1,358 Maximum LAD % stenosis, baseline PTCA =0.001
angina status, baseline activity '
level, LVEF
Employment statusi 615 Baseline employment status, age, PTCA =0.001
sex, baseline activity level,
baseline angina class
Activity level 1,311 Mazximum LAD % stenosis baseline PTCA =0.001

angina class, LVEF

*Log linear model at 3-year follow-up.

tAfter correction for differences in baseline variables in the log linear model.

{Patients retired at baseline or at age = 65 at 3-year follow-up were not included in the analysis.

The following baseline variables were entered into the
multivariate analyses: age, use of antiplatelet, beta-
blocking, and calcium channel-blocking agents, Canadian
Heart Association angina class, left ventricular ejection
fraction (by right anterior oblique ventriculography), em-
ployment status (full time, part time, retired, medically
retired, other), proximal LAD stenosis (=50% diameter
stenosis by visual inspection before the first major septal
perforator), maximum percentage of LAD stenosis (by vi-
sual inspection), activity level (sedentary, mild, moderate,
strenuous based on previous definitions), sex, stable or un-
stable angina, number of diseased vessels (=50% diameter
stenosis of a major epicardial vessel), and PT'CA site (Table
I). Results are expressed as: (1) relative risk of the outcome
(PTCA/medical treatment) such that a relative risk of one
implies no relative benefit for either therapy and a value of
less than one suggests a benefit from PTCA (Tables II to
IV); (2) two-tailed covariate p value from the Cox propor-
tional hazards linear regression analysis (Tables II to IV);
and (3) two-tailed p value for the treatment variable
after pooling over all strata in the life-table analysis (Figs.
1 to 4).

RESULTS

Patient characteristics. The clinical and angio-
graphic characteristics of the 865 patients treated
medically and the 627 patients treated with initial
PTCA are shown in Table I. Both groups were largely
made up of and equivalent in the percentage of mid-
dle-aged men with mild-to-moderate but often un-
stable angina and well-preserved left ventricular
contractility. The PTCA group had more patients
with proximal LAD stenoses (35.1% vs 24.5%;
p = 0.01), more patients with moderate or severe
stenoses (80.0% vs 61.2%; p < 0.01), and fewer pa-
tients with two-vessel disease (16.7% vs 58.3%;
p < 0.01). In addition, more PTCA patients were
employed full time and could perform strenuous lev-
els of physical activity.

Medical therapy. The medical treatment for the two
groups differed. Although approximately the same
percentage of patients from each group was treated
with beta blockers (medical group 42.0%, PTCA
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Fig. 1. Life-table analysis of cumulative survival for patients with baseline left ventricular ejection frac-
tion <0.50 after adjustment for differences in baseline angina class.

group 32.8%; p = NS), more patients in the medical
group received long-acting nitrates (56.5% vs 19.5%
p =< 0.01), whereas more patients in the PT'CA group
received antiplatelet agents (70.9% vs 6.1%;
p =< 0.001). The use of calcium channel-blocking
agents was not recorded during the follow-up of the
medically treated patients, since they were not avail-
able in this country when the CASS trial began.
Thirty-nine percent of the PTCA patients received
calcium channel blockers during the 1 to 5-year fol-
low-up.

Initial PTCA results. For the PTCA group as a whole
there was a 91.8% rate of initial procedural success,
a 4.1% rate of emergency bypass surgery, and a1.4%
incidence of procedure-related myocardial infarc-
tion. These results did not differ significantly for pa-
tients with single- or double-vessel disease or by the
percentage of LAD stenosis. There were no in-
hospital deaths.,

Long-term survival. Results of survival analyses for
both groups of patients, and for certain prospectively
defined patient subgroups, after correction for dif-
ferences in significant baseline variables are shown in
Table II. The 5-year actuarial survival for all patients
treated medically did not differ from that for all pa-
tients treated initially with angioplasty (93 % vs 95%;
p = 0.36). However, patients with baseline left ven-

tricular ejection fraction less than 50% (4-year sur-
vival rate of 86 % vs 100%; p = 0.02) benefitted from
angioplasty, as may have patients with two-vessel
disease (4-year survival rate of 93% vs 99%; p = 0.04)
(Figs. 1 and 2). No subgroup of patients had a
decrease in survival rate (p < 0.20) with PTCA.
Long-term freedom from nonfatal myocardial infarc-
tion. The 5-year actuarial rate of nonfatal myocardial
infarction was 12% for the PTCA group and 10% for
the medically treated group (p = NS). The impact of
therapy on the rates of myocardial infarction after
correction for differences in significant baseline vari-
ables for the groups as a whole and for certain sub-
groups is shown in Table III. Although there was no
difference in overall outcome, results of Cox analysis
disclosed a trend toward a decreased incidence of in-
farction when PTCA was performed in patients
whose worst LAD stenosis was 90% to 99%. For pa-
tients with 90% to 99% stenoses the difference in
outcome was not significant (relative risk of infarc-
tion for PTCA compared to medical therapy = 0.6,
95% confidence limits = 0.3 to 1.2; p = 0.15), but
PTCA therapy was the most important predictor of
outcome. The 4-year actuarial nonfatal infarction
rates for patients with 50% t0 69% and 70% to 89%
stenoses were 6.2% vs 6.5% and 5.6 % vs 6.5% for the
medically treated and PTCA patients, respectively.
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Fig. 2. Life-table analysis of cumulative survival for patients with two-vessel disease after adjustment for

differences in baseline activity levels.

Further revascularization. The 5-year actuarial rates
of bypass surgery for the PTCA and medically
treated groups were 19% and 16 %, respectively. As
shown in Fig. 3, the incidence of coronary artery by-
pass graft surgery after angioplasty was higher than
that for medically treated patients (p = 0.002). Most
bypass procedures in the PTCA group were per-
formed in the first year, and the number of patients
requiring surgery in the two groups tended to con-
verge after the second year. In fact most PTCA pa-
tients undergoing surgery in the first year had the
operation soon after PT'CA failed, suggesting a higher
“intention to revascularize” in the PTCA group.
However, 20.1% of patients in the PTCA group
required further dilatation during follow-up (15.4%
to the same site, 3.2% to a different site, and 1.5% to
both the same and different sites). The number of
patients in the medically treated group requiring
later PTCA was not recorded.

Long-term level of angina. As shown in Table IV, the
level of angina was dramatically reduced for patients
treated with initial PTCA as compared to medical
therapy. This is illustrated in Fig. 4, which shows that
61.4% of the PTCA patients had no angina after 3
yvears compared to only 13.9% of the medically
treated patients (p < 0.0001).

Long-term employment and activity levels. The rela-
tion of therapy to employment status and activity

level is shown in Table IV. Although PTCA improved
both after correction for differences in baseline vari-
ables (p =< 0.0001), its influence on these outcomes
was not as dramatic as its influence on angina class.
The primary benefit of PTCA with regard to em-
ployment was seen in the number of patients who
were able to continue to work full time (80.1 vs 62.9
at 3 years; p < 0.001), but patients who had already
retired for medical reasons seldom (4.7%) returned
to work after successful PTCA. Activity levels were
most improved with PTCA compared to medical
treatment in patients who performed moderate or
strenuous activity at baseline; 92.4% vs 50.7% were
still able to perform moderate or strenuous activity
at 3 years (p < 0.0001) as compared to patients who
were sedentary at baseline.

DISCUSSION

The emergence of PTCA as a relatively safe and
apparently effective means of limited coronary re-
vascularization has dramatically altered the way pa-
tients with coronary artery disease are treated. How-
ever, there are no data to suggest which patients truly
benefit from PTCA. The relative efficacies of PTCA
and bypass surgery are currently being studied in
several large randomized trials, but the role of PTCA
versus medical therapy in patients with more limited
disease has attracted less attention. In fact, current
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Fig. 3. Life-table analysis of cumulative incidence of bypass surgery after adjustment for differences in
maximum LAD percent stenosis, proximal LAD stenosis, and number of diseased vessels.

study designs of trials such as the Veterans Admin-
istration trial (250 patients to be randomized be-
tween medical therapy and PTCA) will not have the
statistical power to detect differences in mortality or
rates of infarction between the two treatments. Thus
it is highly likely that we will enter the 1990s without
sufficient mortality and infarction data from ran-
domizied trials to adequately assess which patients
with limited coronary disease should be offered PT-
CA.

This study with 1407 patients followed for =30
months, although limited by its nonrandomized,
nonconcurrent data accrual study design, brings im-
portant ancillary data to this area of particular pub-
lic health interest. It suggests that when the outcome
after PTCA was compared with the outcome after
medical therapy in patients with single- or double-
vessel coronary disease and LAD involvement, PTCA
was associated with improved functional status and
may have decreased the risk of death and infarction
in certain patient subsets. However, PTCA was asso-
ciated with an increased likelihood of subsequent
bypass surgery. Patients likely to have a benefit in
survival or risk of infarction from the initial PTCA
included those with a left ventricular ejection frac-
tion of less than 50%, those with two-vessel disease,
and possibly those with LAD stenoses of 90% t0 99%
severity.

Assessment of outcome of medical treatment in this
study compared with that in other studies. The 1% /year
mortality rate for patients with single-vessel and the
1.8% /year mortality rate for patients with double-
vessel disease treated medically in this study were
somewhat lower than the 1.5% to 4.0% /year mortal-
ity rate for single-vessel disease and the 2% to 7%
year mortality rate for two-vessel disease and
LAD involvement reported in other recent
series.® 6:13,15,16,29 The 29 yearly incidence of non-
fatal myocardial infarction in this series was compa-
rable to that found in the European Cooporative
Study and from the randomized portion of the CASS
for patients with two-vessel disease.!%3! Twenty-
seven percent of patients randomized to medical
therapy in the European Cooporative Study “crossed
over” to require later bypass surgery because of dis-
abling symptoms.1¢ It was not reported how many of
these patients had single- or double-vessel disease. In
the randomized portion of the CASS, 10% of patients
with single-vessel and 21% of patients with double-
vesse] disease “crossed over” to surgery. This com-
pares with the 16 % rate of later bypass surgery in the
medically treated group in this study. Twenty-two
percent of the medically treated patients in the Eu-
ropean Cooporative Study and 81% of the random-
ized medically treated patients in the CASS had no
angina after 3 years of medical therapy compared
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with 14% of patients in this study. Finally, of the pa-
tients randomized to medical therapy in the CASS,
58% were employed and 75% could achieve at least
mild levels of recreational exertion at 3 years com-
pared to 60% and 79%, respectively, in this study.3?

The lower mortality rate and the need for bypass
surgery in this study compared with that in other
trials may reflect the exclusion of patients with pre-
vious anterior myocardial infarction (as this was an
intended end point), the lower threshold used to de-
fine a “significant” coronary stenosis (see Methods),
or the fact that these patients were drawn from a
lower risk pool of patients who were intentionally
neither treated with bypass surgery nor allowed
to be randomized to either medical or surgical
therapy.?® 3 The medically treated patients in this
study may have been less severely ill than a sample
more fully representative of all medically treated pa-
tients with stenoses of the LAD.

Assessment of PTCA outcome. The 91.8% primary
success rate in this series is similar to that in the 1985
National Heart, Lung, and Blood Institute (NHLBI)
registry for single (92.2% )-and double (93.1% )-ves-
sel disease.3® In addition, the incidences of proce-
dure-related death, nonfatal myocardial infarction,
and emergency bypass surgery in this series were
similar to those reported from the registry.?®

The late symptom-free status of 61% of the PTCA
patients in this series was similar to the 70% of pa-
tients with primary success from the first NHLBI
registry.® The long-term influence of PTCA on em-
ployment and tolerance of physical activity has not
been previously reported. The results of coronary
angioplasty in this study, therefore, appear to be
representative of those reported for similar patients.

Results of other studies on medical therapy vs surgi-
cal revascularization. The results of the European
Cooporative Study and the CASS randomized study
for patients similar to those in this study are well
known. The European Cooporative Study showed
trends toward improved survival in patients with
two-vessel disease and proximal LAD involvement,
and higher rates of myocardial infarction for surgi-
cally treated patients, but did not enroll patients with
single-vessel disease or left ventricular ejection frac-
tion less than 50%.1¢ The CASS found improved
survival in surgically treated patients with two-vessel
disease with moderate impairment of left ventricular
function and at least one proximal obstruction but
could not demonstrate a difference if left ventricular
function was normal or in the presence of single-
vessel disease.!” There were no differences in rates of
nonfatal myocardial infarction with medical com-
pared to surgical therapy, although neither study
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subgrouped patients by the degree of coronary nar-
rowing. Results of both studies showed improved
levels of angina after surgery, but improvements in
employment and recreational status could not be
demonstrated.16 32

In this context the results of this study are not
surprising, although comparability of outcomes after
PTCA and bypass surgery has yet to be demon-
strated. In general, revascularization appears to de-
crease levels of angina and improve survival in
patients with moderate to large amounts of poten-
tially jeopardized myocardium or diminished left
ventricular function. Reduced risks of myocardial
infarction have not been demonstrated, except pos-
sibly in patients with very high-grade stenosis who
are at highest risk of myocardial infarction.3” PTCA
appears to increase the number of patients that con-
tinue to work, more so than does bypass surgery,
perhaps because it has less psychological impact and
requires a much shorter period of recuperation away
from work. However, as has been noted in other
studies,3® patients who had been forced to retire be-
cause of their cardiac condition before intervention
rarely returned to work even after successful PTCA.

Clinical implications. The results of this analysis
suggest that PTCA should be considered in patients
with single- or double-vessel coronary disease and
LAD involvement as an alternative to medical ther-
apy in four types of patients: those with symptoms
refractory to medical treatment, ejection fraction less
than 50%, two-vessel involvement, and very high-
grade or high-risk LAD stenoses.?” 3? In view of the
increased potential need for bypass surgery after at-
tempted PTCA, asymptomatic or minimally symp-
tomatic patients with single-vessel LAD disease who
do not meet the preceding criteria are not likely to
benefit appreciably from PTCA. Of course clinical
judgement as to the likelihood of successful
dilatation?® should temper all considerations. Impli-
cations regarding the relative merit of PTCA as
compared with bypass surgery or the applicability of
these results to patients with right coronary or
circumflex coronary stenoses or to patients with
three-vessel disease cannot be presumed.

Patients with single-vessel proximal LAD involve-
ment, sometimes termed the “widow-maker
lesion,”*! are a group of special interest. Although
some investigators have found a particularly high
mortality rate with medical therapy in this
group,® 10:13,15 this study could not demonstrate a
high mortality rate without, or benefit from, revas-
cularization. This may reflect the fact that although
the acute mortality rate with proximal LAD occlu-
sion is high (19% in the CASS%!), and although the
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long-term mortality rate is also increased propor-
tionate to the degree of left ventricular dysfunction,?
the overall risk of occlusion with medical therapy is
relatively low.43 Patients with a high risk of occlusion,
such as those with roughened or 90% to 99%
stenoses,?” 39 may yet benefit from revascularization.

Limitations. In spite of the relatively large numbers
of patients described and the completeness of follow-
up, this study has four major limitations. First,
patients in this study were not randomized to treat-
ment. The shortcomings of nonrandomized studies
are well recognized, but in their absence a compari-
son carefully controlling for differences in important
baseline variables may be the best alternative.?
However, there are limitations on the extent to which
Cox analyses can adjust for differences in character-
istics between comparison groups and in addition,
there may be differences between groups that are not
reflected in any of the collected data. Therefore only
unique situations justify this type of analysis. These
special situations occur when questions of consider-
able clinical importance are not addressed by the re-
sults of randomized clinical trials or large single-in-
stitution retrospective studies in which data from all
consecutive eligible patients are obtained in an unbi-
ased manner. In this instance, no such data currently
exist regarding the comparative long-term outcome
after coronary angioplasty and medical therapy for
patients with single- and double-vessel disease.

Second, the groups were not treated during exactly
the same time period or at the sames sites, patient
data were obtained by different investigators, and
medical therapy differed between the two groups.
Antiplatelet agents have been shown to decrease
mortality rates and rates of infarction in patients
with unstable angina,*3 and these agents were pre-
scribed more often in the PT'CA group. Beta-blocking
agents were used somewhat more commonly in the
medically treated group and might be expected to
lower the mortality rate in the postinfarction pa-
tients in that group.* Calcium channel-blocking
agents have been shown to decrease the incidence of
nonfatal myocardial infarction only in the first 2
weeks after non—Q wave myocardial infarction® but
not in other settings,*® so desparities in their use
should not be a major obstacle to the interpretation
of this study. Results of multivariate analysis per-
formed in this study showed that the use of anti-
platelet agents and beta blockers did not protect pa-
tients from nonfatal myocardial infarction or death.
However, the potential for occult differences in the
management of these patients should not be mini-
mized.

Third, the medically treated patients in this study
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appear to have been less severely ill than those in
many other series, thus potentially minimizing a pos-
sible beneficial effect of PTCA (an intervention that
appeared to be somewhat more efficacious in more
severely ill patients: double- vs single-vessel disease,
proximal vs nonproximal LAD stenosis, ejection
fraction <50% compared with =50%, and high-
grade vs low-grade stenoses [Tables III and IV]).

Finally, multiple subgroup comparisons were per-
formed for this study and spurious differences may
have heen created. However, these comparisons were
performed between prospectively defined groups,
since it is well recognized that patients with LAD
stenoses are not a homogeneous group and interven-
tions may differentially affect certain subgroups of
patients. Erroneous interpretations can be mini-
mized by being circumspect in the interpretation of
borderline significant p values and by correlating
these results with those of related clinical studies.
Conversely, however, the relatively small numbers of
patients in some patient subgroups may have pre-
cluded demonstration of clinically important differ-
ences in outcome. For example, the power of this
study to detect a 30% reduction in the mortality rate
in the group with proximal LAD stenosis, or in the
rate of myocardial infarction in the group with 90%
to 99% stenosis, based on the number of patients
studied, outcome with medical therapy, and for
p < 0.05, was only 14% and 19%, respectively.

Conclusions. Within the limitations of this study
the data suggest that PTCA to the LAD improves
levels of angina compared with medical treatment at
3-year follow-up, improves survival in patients with
ejection fractions of less than 50%, and in patients
with two-vessel disease, and may lessen the risk of
myocardial infarction in patients with high-grade
LAD stenoses. However, initial PT'CA was associated
with a more frequent use of subsequent bypass sur-
gery. Future randomized trials should include focus
on these groups of interest.

We thank Andreas Gruentzig, MD,t who was adamant in his
desire to see the results of PTCA critically analyzed. We also thank
Drs. Gruentzig, King, and John S. Douglas, Jr for procedural ex-
pertise and Ms. Sheree Wilson, Ms. Vanessa Sims, and Ms. Judy
Hanson for their expert assistance in the preparation of this
manuscript.
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Survival patterns in clinical and angiographic
subsets of medically treated patients with
combined proximal left anterior descending and
proximal left circumflex coronary artery disease

(CASS)

Baseline, clinical, and angiographic features of 1014 Coronary Artery Surgery Study (CASS)
registry patients with combined proximal left anterior descending and proximal left circumfiex
coronary disease were examined to define determinants of prognosis in this clinical high-risk
patient subset. A stepwise Cox regression analysis identified congestive heart failure score, left
ventricular contraction score, mitral regurgitation, age, and digitalis usage as independent
variables predictive of 8-year survival. When patients were stratified by left ventricular
contraction score, the 8-year survival rate was 62%, 49%, and 19%, respectively, for patients
with a left ventricular score of 5 to 9, 10 to 14, and =15 (p < 0.0001). The presence of a
stenosis =70% in the right coronary artery was associated with worse survival (47% versus 54%
at 8 years; p = 0.051). In conclusion, the diagnosis of combined proximal left anterior
descending and left circumfiex coronary artery disease represents a large prognostic spectrum
that needs to be considered when counselling individual patients. (AM HEArRT J 1989;118:220.)
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two-, three-vessel and left main coronary artery
disease.!* There has been considerable interest in
the natural history of another angiographically iden-
tifiable classification: combined proximal left ante-
rior descending and proximal left circumflex coro-
nary artery disease (combined proximal left coronary
artery disease [CPLCAD]).5-12 It has been suggested
that the prognosis of medically treated patients with
CPLCAD is similar to that of patients with left main
coronary artery disease, and CPLCAD has some-
times been termed a “left main equivalent.”” Recent



