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CHAPTER 1
INTRODUCTION

Now that so many therapeutic modalities have become available, the
identification of 'excess risk' in established coronary artery disease is
an important step in secondary prevention in cardiology, in particular in
patients after a recent myocardial imfarction. Risk is here defined as the
probability of mortality in the individual patient during a given period
of time - and depends on different prognostic factors. The probability of
mortality has to be derived from the relative frequencies of death in
groups of patients observed in follow up studies, where the analysis
focusses on relating the outcome to prognostic variables by means of
statistical models. For economical reasons this risk identification should
be carried out in the most 'efficient' way. The most Tefficient’ way is
defined here as the greatest information at the lowest possible cost. In
fact, cost containment has become an important issue in cardiology in the
past decadel, a period where we have witnessed a rapid increase of the
armamentarium available to the cardiologist for the evaluation of cardiac
function. Non-invasive as well as invasive methods, such as echocardio-
graphy, radionuclide studies, electrophysiological studies, exercise tests
and coronary angiography, all have proven to have some prognostic value in
post-infarct patienmts. However, important questions remain: which of these
tests are the most predictive? Do we need all of them in every patient? Do
they provide relevant additional information for c¢linical management
beyond that of usual routine clinical and laboratory findings such as
demographic data, clinical history, physical examination, blood samples,
12-lecad electrocardiogram and chest X-ray which are routinely available
for all patients?

So far, few studies have addressed this problem in a sizable population of
post~infarction patients studied at discharge with each of these test
modalities™.

The need to identify individuals with increased as well as neglibible

risk of mortality requires the following:
1. Optimal patient evaluation with rhe minimal number of tests, pre-

ferably of the non-invasive and low cost type;

2. Reassurance of those patients at low risk and "discharge" from the
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system;
3. Risk modifications in patients with high and intermediate risk indi-

cators by timely and appropriate intervention;

While the f£irst two points can be achieved relatively easily, the third
point is much more difficule. Can something be done to reduce the risk in
patients with high and intermediate risk, once they are so identified? The
answer must be positive since in the last few years, many large trials
with drugs or mechaniecal interventions, such as coronary artery bypass
surgery, have shown improved survival. Some secondary prevention trials,
with different drugs, have shown mixed results3’4. Trials with anti-
arrhythmicss’s, anticoagulants7-ll and, with some exceptions, aspirin12~16
and sulfilpyrazonel7_19, have failed to reduce the mortality rate after
myocardial infarction in a significant manner.

In contrast it has been shown in numerous studies with beta-blockers,
that they reduce cardiac mortality after myocardial infarction signifi-
cantly3. In particular, the Betz Blocker Heart Attack Trial (BHAT)ZD, and
the MIAMI tria12l suggested that beta-blockers provided higher mortality
reduction in the patients at highest risk, that is in those patients with
most evidence of left ventricular dysfunction, while in the lowest risk
groups, no major bemefit could be demonstrated.

These data suggest that, while many physicians in practice treat with
beta blockers low risk patients who will be unlikely to benefit in term of
reduced mortality, it is the high risk patient who should to be treated
with beta blockers, wunless overt clinical signs or symptoms of left
ventricular dysfunction provide a contraindication. Again, therefore a

need to stratify.

22,23 and,

, have been

Coronary revascularisation by coromary artery bypass grafting
more Tecently percutaneous itransluminal coronary angioplasty
shown to improve the prognosis of some subsets of postinfarct patients and
this is another reascon to classify patients after myocardial imfarction
appropriately. In a recent article, Julian reviewed the three most im~

. . 2 . .
portant coronary artery surgical trials 3, the Veteran Administration

Studyzs, the Eurcopean Coronary Artery Surgery Study8 and the Coronary
Artery Surgery Studyzz. He concluded23 that "we can be reasomably con~
fident that surgery improves prognosis in certain groups of patients with
ischemic heart disease. The ones most likely to benefit are those with

disease of the left main coronary artery and those with three vessel

14



disease or two vessel disease in which the proximal left anterior des-
cending coromary artery is imvolved. Arteriography alone, however, pro-
vides an inadequate guide to prognesis, as it seems that surgery is most
helpful when such anatomical features are accompanied by evidence of left
ventricular dysfunction at rest or on exercise". He finally points out
that, limited to patients with angina, "physicians should consider the
possible effect of surgery on progrosis. In doing so, they should take
into account symptoms and non-invasive indexes of lefr wventricular fune-
tion, particular the response to exercise. If these features indicate a
substantially worsened prognosis, coropary arteriography should be under-
taken if the surgical approach seems a reasomable option". EHowever, the
large coronary arfery surgery trials include a different population than
that of the present study, which only consists of post-infarctionm patients
evaluated at hospital discharge. Therefore, it is uncertain if the results
of such trials completely apply to such a group, although the problem of
residual ischemia is identical.

The development of coronary angioplasty in the last few years has
provided a new and powerful tool for treatment for patients with coronary
artery disease, which has been applied with success also in post-infarct
patients with post-infarct anginazs. Its impact on relief of stable angina
pectoris is already well established. The potential for improving prog-
nosis by this technique appears promising but has not yet been proven.

All these observations underscore the importance of the non invasive,
identification of the high-risk individuals. A clear protocol for those
who should be referred for invasive evaluation is particularly important
for the physician in district hospital who does not have immediate access

to coronary arteriography.

Patient population and methods

In order to answer the questions posed earlier, we established a com-
puterized data base which included the data obtained during hospitali-
zation of 706 consecutive patients with a proven acute myocardial in-
farction, who had been admitted to the coromary care unit of the Thorax-
center between March 1981 and December 1983. At hospital discharge all
patients wunderwent symptom limited bicycle ergometry, unless contra-
indicated. Five hundred and twenty patients also underwent resting radio-

nuclide ventriculography and 24-hour anbulatory electrocardiograzphic
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monitoring was performed im 389 patients. The latter two tests were mnot
completed in all patients for orxganizarional reasons, especially in the
first year of the study and, in z few cases, because of refusal of the
patients. We chose these three tests because they provide information on
leftr wventricular function, myocardial ischemiz and ventricular arrhyth-
mias, and they allow quantification of the response to the tests.

Radionuclide ventriculography was chosen for the assessment of left
ventricular function since it provides quantitative information of left
ventricular ejection fraction im virtually all patients. Echocardiography
provides in principle similar information, however quantification is
possible in a lower percentage patients, of about 75%. For this reason
echocardiography was not used in this study. After discharge, patients
were followed for ome year, mostly by regular out-patient visits. Only 6
patients were lost to follow-up. This data base therefore has been created
prospectively and encompasses the complete spectrum of patients admitted
to the Thoraxcenter with acute myocardial infarction over several years.
The data base includes demographic and routine clinical wvariables col-
lected during the different phases of hospitalization, variables from
bieyele ergometry, variables from radionuclide ventriculography to iaclude
global left ventricular function and regiomal wall motion, variables from
24~hour ambulatory electrocardiographic monitoring and variables regarding
follow—up (appendix A). Tean variables regarding left ventriculography and
coronary angilography were also collected in those patients who underwent
cardiac catheterization, even though cardiac catheterization was notr the
main part of this study.

Even if the primary aim of this study was that of finding the most
"efficient' procedure based on clinical and non~invasive tests for risk
assessment, such a large and rather complete data base, allowed ancillary
questions to be answered which arcose while the study was underway. In fact
we realized that one advantage of such a data base is that, if it is
properly designed and maintained, one is not confronted with the need for
creating a separate data collection and analysis system whenever 2 new
problem or gquestion is encountered.

An analysis of these results has been performed for the complete group
of 706 patients in 2 of the reported studies (chapter 3 and 4), while the
other chapters refer to the patient data collected during the first two
years of the study, te include subsets of patients, as summarized in table

1. Actually, other reports have been published with even smaller numbers
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L1

Table l: PATIENT POPULATION INCLUDED IN THE DIFFERENT STUDIES,

CHAPTER ENTRY PERIOD CCU ADMISSIONS NUMBER OF PREDICTORS STUD1ED
with AMI PATIENTS
2 March '81 - Dec. '82 529 405 - clinical variables
- bicycle ergometry
3 March '81 - Dec, '83 706 449 - clinical variables
- bicycle ergometry
- radionuclide ventriculography
- 24~h ECG monitoring
4 March '81 - Dec. '83 706 474 - clinical variables
- 12-lead ECG
5 March '81 - Dec, '82 529 266 ~ peak serum CPK (in first
infarction)
6 March '8t - Dec. '82 529 119 - clinical variables
- bleycle ergometry after a
first uncomplicated infarction.
7 March '8] - Dee. '82 529 68 - early post infarct angina:

coronary artery bypass surgery
versus medical therapy.

Abbreviations: AMI: acute myocardial infarction; ECG: electrocardiography;
CCl: coronary care unit; CPK: creatine phosphokinase;
24-h ECG: 24 hour ambulatory electrocardiographic monitoring.



of patients. They are mot part of this thesis, but for completeness sake
we rveport the abstracts of four of these in the appendix B. The role of
table 1 is to demonstrate that the subsets of patients in the different
studies are part of the total data base and can be considered to be

representative.

Specific aim of the study

This study is a description of the follow up during the first year of
706 consecutive patients admitted at from the coronary care unit of the
Thoraxcenter with a proven diagnosis of acute myocazrdial infarction
between March 1981 and December 1583.

The main aim, outlined in this chapter, was to assess the relative
value of the usual clinical wvariables compared to that of multiple non-
invasive tests at discharge to predict survival after hospital discharge .

In chapter 2 we addressed the problem of comparing clinical variables
and predischarge bicycle ergometry results to predict mortality and other
non-fatal events during follow up. Patients judged non eligible for stress
test were separately analyzed.

In chapter 3 we assessed the relative merits of clinical data, bicycle
ergometry, radionueclide ventriculography and 24-hour ambulatory electro-
cardiographic monitoring te predict one year survival.

Since the 12~lead electrocardiogram is always performed at discharge
and since there has recently been remewed interest in the prognostic value
of the electrocardiogram in post-infarction patients, we studied in
chapter 4 the prognostic value of different variables derived from the
electrocardiogram. Im particular the risk estimation compared to that
obtained from other climical variables was analyzed.

In chapter 5 the follow up is described during the first year of
patients with a first myocardial imfarction, in texrms of their peak serum
creatine phosphokinase. The rationale for that analysis was to test
whether patients with a small initial infarct were subject to more or
fewer ischemic events during fellow-up, compared to those with interme-
diate or large size infarctiomns.

The prognosis of patients below 60 years who survived the hospital
phase of a first myocardial infarction with an uncomplicated clinical
course, was investigated in Chapter 6. Here the role of exercise testing

in guiding the decision to proceed with coronary angiography formed the
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main study object.

In chapter 7 a description is given of the clinical course of 34
patients who underwent coronary artery bypass surgery before hospital
discharge, mostly because of 'early” post-infarction angina. Their
sequential events were compared tec those of all other post-infarction
patients and alsc with a subset retrospectively matched on the basis of
demographic, clinical, ventriculographic and coronary angiographic data.
The study was undertaken to assess the risk of coromary artery bypass
surgery in the 'early' post-infarction patients with that of a similar
group of patients treated medically.

In chapter 8 the recommendations are summarized for the assessment of
post—infarct patients at hospital discharge, based on the results of these

data and in the current experience in our hespital.
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CHAPTER 2

PREDICTION OF MORTALITY DURING THE FIRST YEAR AFTER
ACUTE MYOCARDIAL INFARCTION FROM CLINICAL VARIABLES
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Predicfion of Mortality During the First Year After Acute
Myocardial infarction from Clinical Variables
and Stress Test at Hospital Discharge

PAOLO FIORETTI, MD, R. W. BROWER, PnD, MAARTEN L. SIMOONS, MD,
ROBERT J. BOS, MD, TACC BAARDMAN, BSc, ANITA BEELEN, BSc,
and PAUL G, HUGENHOLTZ, MD

The predictive value of a predischarge sympiom-
limited stress test was studied in 405 consecutive
survivors of acute myecardial infarction {(AME).
Three hundred patients performed bicvcle er-
gometry; 105 could not perform i, Among these
latter 105 patients, the siress test was contraindi-
cated in 43 because of angina or heart failure and
in 62 because of noncardiac limitations. One-year
survival was 44% in the “cardiac-limited’” group (19
of 43) and $2% in the “non-cardiac-limited” group
{57 of 62}). One-year survival ameng the patients
who performed an exercise test at discharge was
83% {280 out of 300). The best siress lest predicior
of mortatity by univariate analysis was the extent of
blood pressure (BP) increase: 42 + 24 mm Mg in

280 survivors vs 21 & 14 mm Hg in 20 nonsurvivors
{p <0.001). Among the 212 patients in whom BP
increased 30 mm Hg or more, mortality was 3% {n
= §), while it was 16% (n = 14) among the 88 pa-
tients in whom BP increased less than 30 mm Hg.
Angina, ST changes and arrhythmias were not as
predictive. Stepwise discriminant function analysis
showed inadequate BP increase to be an indepen-
dent predictor of mortality. A high-risk group can be
identified at discharge on clinical grounds in patients
unable to perform a stress test, whereas interme-
diate- and low-risk groups c¢an be identified by the
extent of BP increase during exercise.

{Am J Cardiol 1985;55:1313-1218)

Predischarge stress testing of hospital survivors of acute
myocardial infarction (AMI} has become a routine
procedure.’ The stress test is considered a useful ex-
amination to individualize medication, specify subse-
quent activity programs® and to establish the progno-
.9i5.58 However, only few studies have been designed to
assess whether the stress test provides additional in-
formation independent of clinical data alone.$# Fur-
thermore, little attention has been given to the defini-
tion of the baseline characteristics and the follow-up of
patients who cannot perform the bicycle ergometry test.
This prospective study assesses whether the test pro-
vides additional information beyond clinical data alone

From the Thoraxcenter, Erasmus University and University Hospital
Dijkzigt, Rotterdam, and the Interdniversity Gardiology Institute, Rot-
terdam. The Netherlands. Manuscript recelved September 25, 1984;
revised manussript recelved January 30, 1985, accepted February 1,
1985,

s}i‘:)mress for reprims: Poolo Fioretth, MD. Thoraxcenter, Erasmus
University, Dr. Molewaterplein 40, 3015 GD Retterdam. The Nether-
lands.
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in the prediction of mortality and other cardiac events
during the first year.

Methods

We analyzed the records of 529 consecutive patients ad-
mitted to the coronary care unit of the Thoraxcenter between
March 1, 1981, and December 31, 1983, with a diagnosis of
AMI before their discharge. Diagnosis of AMI was based on
at least 2 of the following eriteria: (13 Typical prolonged chest
pain at least 45 minutes in duration. (2) In trapsmural AMI,
dynamic electrocardiographic changes such as evolving @
waves longer than 0.04 second with 3T and T changes orin
nontransmural AML, T-wave inversion or ST depression
pergisting for at least 24 hours without new Q waves. Site was
classified as undetermined in the case of complete left bundle
branch block. (3) Tvpical increase and decrease of total serum
creatine kinase level with a peak level of more than 100 IU/
liter (twice the upper limit of normal values in this laboratory).
Previous AMI was diagnosed by a histery of AMI or diagnostic
Q-wave abnermalities. During their hospital stay 72 patients
died. Thirty-two patients underwent coronary artery hypass
grafting and 16 underwent percutaneous transluminal core-
nary angioplasty befere discharge for post-AMI angina re-
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1314 RISK STRATIFICATION AFTER MYOCARDIAL INFARCTION

TABLE! Basellne Characteristics of Patlents Popuiation,
Subdlvided According to Eligibllity for Stress

Testing
No Stress Test
Cardlac Noncardlac ~ Stress Test
Limitatlons Limitations Performed
No. of pts 43 62 300
Age (yr)* 6519 66 %+ 10 54% 10
Men (%) 74 83 84
Pravious AMI (%) 56 26 27
Anterlor AMI (%) 53 29 36
Killip ¢lass 1{%]) 23 68 74

* Mean =+ standard deviation,
AMI = acute myocardial Infarction.

fractory to medical therapy, Four patients required surgery
for mechanical myocardial dysfunction.

To aveid a bias in interpretation of the resuits, these pa-
tients were excluded from the follow-up results. Of the re-
maining 405 patients participated n the study, 105 patients
were judged ineligible for the test: 43 because of cardiac [im-
itations (7 with anging and 36 with persistent heart failure)
and 62 for noncardiac limitations (9 with peripheral vascular
disease, 7 with lung disease, 5 with cerebrovagcular disease,
5 with musculoskeletal disease, 22 with general disability and
14 for other medical noncardiac Lirmitations). Advanced age
was not considered a contraindication for the stress test. Some
clinical characteristics of our patients are given in Table I The
median hospital stay was 15 days (range 7 to 7¢). Medication
usage at discharge is detailed in Table I1. Metoprolol, 50 or
100 mg twice datly, was given, when indicated, for angina or
hypertension and also as a secondary preventive agent pro-
vided there were no contraindications or side effects®

Before discharge, on average 13 days after AMI, a symp-
tom-limited siress test with stepwise increments of 10 W/min
was performed on a bicycle exgometer in 300 patients. Three
Frank leads were constantly recorded and smnalyzed by a
computer system.'® Blood pressure (BP) was measured every
2 minutes during exercise and during the recovery phase. The
clinically prescribed medication was not discontinued before
the test.

One hundred forty-five patients also underwent coronary
angiography at discharge, 49 electively and 96 because of a
atudy protocol, including patients in cardiogenic shock and
those included 1n an ongoing randomized trial with intraco-
ronary streptolinase ™ After hospital discharge all patients
were followed for I year by regular outpatient visits,

Statistical analysis: Univariate analysis with unpaired
Student ¢ test for continuous variables and chi-square or
Fisher's exact test, were applied when appropriate, for the
discrete variables. To compare and visualize the predictive
value for mortality of different continuous variables, we used
receiver-operator characteristics curves (ROC curves). In
these curves, sensitivity va specificity of a test are plotted,
where sengitivity 1s o Iraction of positive classification for all
patients who satisly the endpoint criteria and specificity is the
fraction of all negative classifications for all patients who
satisfy the non-endpoint criteria. These curves. when gener-
ated for different tests, provide a direct comparison of their
reguits over the entire range of measurements.

In patients eligible for stress testing, the BMPD statistical
package for stepwise discriminant analysis (P7M) was used
1o generate classification functions for 3 classes of mformation:
clinical data only, exercise stress test data only, and clinical
data and exercise stress test combined. The clinical variables
consisted of age, sex, presence of a previous myocardial in-
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TABLE Il Medication at Hospltal Discharge

No Stress Tost
Cardiac Noncardlac  Stress Test
Limitations. Limitations  Performed
Digitalls (%) 85 27 18
Diuretics (%) 76 45 1
Vasodilators (%) 56 34 29
@ blockers (%) 18 27 52
Antiarrnythmics (%) 14 8 3
Anticoagulants (%) 53 29 14

farction, anterior location of the index infarction, the worst
Killip class in the coronary care unit, angina pectoris present
during the hospital stay, late sustained ventricular tachy-
cardia, persistence of congestive heart failure after the stay
in the coronary care unit, cardiomegaly on discharge (car-
diothoracic ratio greater than 50%), and indication for digoxin
or diuretic drugs at discharge The exercise stress test variables
included percent of predicted work capacity achieved, the
workload achieved, angina pectoris present during the test,
ventricular arrhythmias during the test, ST-segment de-
pression, 3T elevation (=1 mm), extent of BP change during
the test and maximal keart rate. The endpoint of major in-
terest was cardiac mortality during the follow-up period. In
a first pass, stepup analysis was done using an F to enter of 1.0,
which entered in the discriminant function all variables re-
motely related to the outcome. In the second pass, a stepdown
analysis was performed on the selected subgroup of variables
using an F to enter of 4.0, The discriminant funetions resulting
from the stepdown analysis were then used to predict the
classification of the same group of patients for a range of
threshold levels in the discriminant function resulting in the
specificity-sensitivity plots (ROC curves).

Results

Foliow-up results: Complete follow-up information
was available in all 405 patients. After discharge 49
patients (12%) died during the first year: 32 suddenly,
'8 from a fatal reinfarction, 7 from progressive heart
failure and 2 perioperatively after coronary artery by-
pass surgery. During the same period 18 patients (4%)
had a nonfatal reinfarction; 33 underwent elective cor-
onary artery bypass surgery, 5 other cardiac surgery and
5 percutaneous transluminal coronary angioplasty.

Prediction of mortality from clinical data in all
patients: A comparison of medical history and clinical
data between survivors and nonsurvivors is summarized
in Table I1I. Univariate analysis indicates that late
mortality was strongly associated with clinical variables
that indieated a more advanced left ventricular dys-
function and less related to angina pectoris. The mor-
tality rate was highest (24 deaths [57%)) among the 43
patients who could not perform the test because of
cardiac limitations. The mortality rate among the 62
patients who could not perform the test for other rea-
sons (5 deaths [8%]) was similar to that in 300 patients
eligible for the test (20 deaths [7%)]). The discriminant
function analysis {Table IV) resulted in 4 independent
variables predictive of mortality. The strongest pre-
dictor was the noneligibility for stress testing because
of cardiac limitations, followed by the use of digitalis on
discharge, a history of a healed AMI and cardiomegaly
on chest radiograph.



May 1, 1985 THE AMERICAN JOURNAL OF GCARDIOLOGY Volume 55 b3

Prediction of mortality {rom stress test data by
univariate analysis: The stress test results of survivors
and nonsurvivors are represented in Table V. ST
changes were not significantly associated with mortality:
in contrast. the extent of BP increase was; it was twice
as high in survivors as in nonsurvivors. The predictive
value for mortality of several stress test results are
represented in Figure 1 as ROC curves, The distribution
of mortality in patients eligible and in those not eligible
for siress testing is summarized in Figure 2. The ROC
curves in Figure 1 suggest that the most “advantageous™
cutoff point of BP increase, 1.e., that with the highest
sensitivity and specificity, is 30 mm Hg. In this way a
subgroup of 212 patients was identified that had a very
low risk (mortality 3%, n = 6) provided they had 2 BP
increase of 30 mm Hg or more (Fig. 2).

Prediction of cardiac events in patients eligible
for stress test {rom clinical data and stress test re-
sults, by multivariate analysis (Table IV): The
discriminant function analysis using exclusively the
clinical information described in the Methods section
resulted in 2 independent variables predictive of mor-
tality at the 0.05 level of significance: history of a healed
AMI and the use of digitalis on discharge (65% correct
classifications). Similarly, using exclusively the exercise
stress test data, only the BP change {the absence of a
sufficient increase in BP during testing) was associated
with mortality at the 0.05 level of significance (64%
correct classifications). Combining both clinical and
exercise information in the analysis resulted in the in-
clusion of the 3 above-mentioned variables with 76%
correct classifications. The resuits of the sensitivity-
specificity analysis with variable decision levels for
classification are shown in Figure 3 and Table IV. When
nonfatal reinfarction was added to mortality as the
endpoint, the stress test lost its independent prognostic
value relative to clinical information. However, stress
test results appeared to have independent predictive
value when other endpoints were added, such as late
corongry artery bypass surgery. coronary angioplasty

604
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FIGURE 1. Specificity vs sensitivity for late mortallty of exercise tast-
Ing-derived dater maximal workload, peak heart rate {HR), peak systolic
blootd pressure (BP), systolic BP increase, ST elevation (ST1) and 5T
depression (ST4).

TABLE ! Ditferences in Historlcal and Clinical Bata
Collected During Hospltat Stay Between Late
Survivors and Nonsurvivors

P
Survivors  Nonsurvivors  Value

No. of pts 356 49

Men (%) 80 77 NS
Age {y)* S6+ 11 6212 0.002
Previous anglna {%) 15 24 NS
Previous AN (%) 25 65 0.001
Anterlor AMI{%} 36 41 NS
Peak CK, IU/liter” $83 £ 500 586481 NS
Kittip class Wl or IV (%) [ 26 0.001
Late heart faliura (%) 14 45 0.001
Late VT or VF (%) 4 12 .02
Cardiomegaly (chest x-ay) (%) 19 57 0.001
Post-AMI anglna {%) 15 24 NS
Discharged on digitalis (%} 19 87 0.001
Discharged on diuretics (%) 34 89 0.001
Discharged on 3 blockers (%) 47 22 0.001

* Megan = standard devlation.
AMI = acute myocardlal infarctlon; NS = not significant; VF =
ventricular fibrillation; VT = ventricular tachycardia.

and persistent congestive heart failure. ST depression
during stress testing did not provide independent
additional information for amy of the endpoints
considered.

Discussion

Many studies have examined the prognostic value of
predischarge stress testing after AMLZ Only a few,57
however, include a detailed description of patients not
eligible for the test or have tried to determine whether
stress testing provides independent prognostic infor-
mation compared with clinical variables alone. In our
study group, after exclusion of patients who underwent
coronary artery bypass surgery or percutanecus tran-
sluminal angioplasty for unstable angina (10% of dis-
charge patients), 26% were judged not eligible for the
stress testing (11% for cardiac and 15% for noncardiac
limitations). The percentage of patients not eligible for
the teat in our study is somewhat lower than that pre-
vicusly reported.8” Consistent with the fAindings of
Madsen and Gilpin® and DeBusk et al,” we also found
a higher mortality in this group, which was further en-
hanced by subdividing the patients according to the
contraindication (cardiac vs noncardiac). Patients with
cardiac contraindications, usually heart failure, had a
mortality rate of 57%. In contrast, the mortality rate of

I3 survivors (N:358)

=TEAT
EZD non purvivors (Na49Q) N X-TES

rcardl-c Omitatiens
P, 1 1% of patients

Ne X~TEST: ppn

cardlac {imitations
X~TEST- f 15% of patients

BP rine 330 mmHgl .,

$2% of patiente

X-TEST

BP risec30Ommig

22% of patlents

FIGURE 2. Incidence of mortality ant exercise test (X-test) results, BP
= blood pressure.
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TABLE I¥  Prediclon of Cardiac Evenls During FoHow-Up by Discriminanl Funclion Analysls
Patlents Eligibla for Stress Test

All Death or RMI Death or RMI ar
Patienis Ceath Death or RMI or CABG or PTCA CABG or PTCA or CHF
Death
C ¢ X C+x [+ X C+X C X C+X c X c+X
Clinlcal varlables (F ratio}
Pravious AMI 24 3 27 13 13 14 16 11 10
Killip class > ffior IV 12 1
?ost-AMIan?ina 5
Cardiomegaly (chesl x-rays) 7
Discharged on digitalis 25 33 i 27 34 s 34 18 . i9 28 e 20
Cardiag contralnd, lor x-test 47
X test variables {F ratlo)
BP rise 5 5 8 20 9
Max. woerkload .. e
Ventricular arthythmias L o 5
5T elovation 5 v 5
Angina - 8 13 ..
Mo patienis
Total 405 300 300 300 309
Endpoint 49 20 36 50 &9
Non endpoint 358 280 264 240 220
Predictiva accuracy (55
Sensitivity 69 90 70 85 72 59 iz 63 63 65 65 65 55
Speciilcity 93 63 63 75 64 57 64 85 66 75 67 61 75
Pred. value positive 58 15 12 20 21 15 21 31 30 38 42 7 48
Pred. vafus negative 96 89 97 98 94 9% 94 es 88 90 84 83 86
Total correct classitication 90 6% 84 67 65 57 65 65 85 73 €6 62 72
High-risk group 4 40 38 28 40 45 40 40 40 32 41 46 35
Er?i&liﬂ;‘e) relative imporiance of each variable. G, X and G + X Indicate that the prediclion of the events Is based on clinical Information (C), stress testing resuits (X}
or botl X

Pred, value positive (negative) = predictive value of positiva (negalive) fesl, Total comect classiticatlon = number of pallents correcily classifled/tolal population. High
risk group = number of patlents with a posilive tesi/lotal population.

AMI = acute myocardial infarction; BP = blood pressure; CABG = coronary arlery byrass grafting; CHF = congestive hearl fallure; conlraind. = contralndications; Max,
= maximal; PTCA = percutaneous transluminal coronary angloplasty; RMI = nonlatal seinfarction,
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patients not eligible for the test for noncardiac limita-
tions and those eligible for the test had a jow risk {8%
and 7%, respectively). During 1-year follow-up. 20 of the
300 patients eligible for stress testing died. An adequate
BP increase during exercise was the best single predictor
of mortality (Tables IV and V): this confirms our pre-
vipus observations in a smaller group of 167 patients.?
We did not confirm the association between stress
test-induced ST depression and late mortality or non-
fatal reinfarctions. contrary to previous findings.-712
This discrepancy reay be a result of many factors, such
as patient selection, different techniques of stress
testing {different lead systems. bicycle ergometry vs
treadmill) and treatment during fellow-up. In partic-
ular, the prognostic significance of an ischemic response
during stress testing may have been underestimated by
coronary artery bypass surgery or ¢coronary angioplasty
performed during follow-up. In fact, these patients more
frequently had stress test-induced angina (p <0.001)
and ST depression (p <0.02) than patients treated
medically. However study results have been reported
that are consistent with our results and fail to show any
predictive value of ST depression., but emphasize the
stronger association between mortality and left ven-
tricular function.b-6.1%17 Factors such as maximal
workload, the duration of exercise™¥ or the BP re-
sponsel3t are pood indicators of left ventricular func-
tion. Scardi et all* found that a “hypertensive re-
sponse,” 1.e., BP in excess of 200/100 mm Hg. identified
a low-risk subset of patients.

Although the extent of BP increase is related to left
ventricular function. there was no correlation with
ejection fraction at rest, This is not surprising because
left ventricular dysfunction can be often detected only
during physical exertion. In this series, the 30 patients
with 3-vessel disease had a smaller BP increase than the
92 with less extensive coronary artery disease (26 = 22
vs 42 = 23 mm Hg. p <0.001). An important finding of
our study is that only 6 of 212 patients who had a BP
in¢rease of 30 mm Hy or more died. while none of the
107 patients with a BP increase of more than 50 mm Hg
died. This group of patients at very low risk should not
be considered for apecial additional investigations.

The use of S-blocking drugs in 133 patients who
performed stress testing could have affected the results
of our atudy because of the blunting effect on the in-
crease in arterial pressure. The BP increase was only
slightly lower in patients taking S-blocking drugs (38
& 22 v5 43 & 25 mm Hg, p <0.04); however, the predic.
tive accuracy for mortality of a BP increase of 30 mm
Hg or more was higher in patienta not using §-blocking
drugs during the test (30% correct classifications com-
pared to 65% for the whole group of patients} {Table
IV). Therefore, an inadequate BP increase when
B-blocking therapy is not discontinued before the test
should be interpreted with caution.

The issue of whether stress testing vields prognostic
information independent of routinely available clinical
data is important and controversial.*% When clinical
variables and stress test results were combined, the
predictive accuracy for late mortality was improved
compared with each variable by itself (Fig. 3. Table IV).

TABLE V Summary of Stress Test Resuits

Survivars Nonsurvivors  p

(r=280) (h=20) Value

Reagons for Interrupting the test

Fatigue (%) 5 65 NS

Angina (%) 8 5 NS

Dyspnea (%) 17 20 NS

Pressure drop {%) 2 10 NS
Max, workload (W) 115233 9824 005
Rest haart rate (beats/min) 8116 93220 0.0

13223 142%26 001
121516 122%22 NS

Max, hoart rate (beats/min)
Rest BP (mm Hg)

Max, BP (mm Hg) 16429 14424 0.01
BP rlse (mm Hg) 42+24 2115 0.001
Angina pectorls { %) 20 20 NS
ST depression (%) 44 40 NS
Workload at ST depresslon (W) 8343 9630 NS
ST alevation (%) 41 &0 NS

Ventricular ectopic activity (%) 20 35 NS

ST deprossion or alevatlon of 1 mm or more.

Data are expressod as percent of patlents or as mean £ standard
deviation.

Abbreviations as in Tabie Iv.

A sensitivity of 85% and a specificity of 76% was thus
achieved. At variance with our results, Madsen and
Gilpin® found that the prediction of death was not im-
proved by exercise data. In their study correct predic-
tions ranged from 67 to 71% for survivors and from 60
to 66% for nonsurvivors. They did not, consider the BP
response, which in our experience and that of Scardi et
al’? was the single best predictor. DeBusk et al,” in a
more recent study, also found that stress testing had an
independent predictive value for subsequent “hard
events,” including death and reinfarction. The paucity
of deaths in their group of patients who underwent
stress testing (7 of 238 patients) did not allow mulsi-
variate analysis to predict mortality alone. Therefore
we cannot compare their results with ours.

When nonfatal reinfarction was added to mortality
as the endpoint. stress test results lost independent
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FIGURE 3. SpecHicity vs sensitivity for lato montality of discriminant
function derived from clinical data alone, exerclse test (X-test) alone
and the combination of clinlcsl and exercisa 1ost results.
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predictive value relative to clinical variables.* This is
consistent with previous observations of our group and
of others®!416 while Madsen and Gilpin® found that
stress testing provided a slight additional information.
Stress testing gained again independent information
when bypass surgery and/or coronary angioplasty were
included on the endpoint {Table IV}. This is not sur~
prising, because these are not spontaneous events and
the decision to perform these interventions is often in-
fluenced by the results of the stress test itself.

Implications: Patients who are not eligible for stress
testing because of cardiac limitations have a high risk
of dying during the subsequent vear. These patients
require intensive evaluation with other noninvasive
methods and very careful managereent, Patients eligible
for stress testing can be further stratified into low-and
intermediate-risk groups by a combination of clinical
and stress testing results; this combination improves the
accuracy of the prognosis. Patients at very low risk do
not require further investigation. Such attempts at
stratification may allow for better utilization of in-
creasingly costly health resources.
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Relative Value of Clinical Variables, Bicycle Ergometry, Rest
Radionuclide Ventriculography and 24 Hour Ambulatory
Electrocardiographic Monitoring at Discharge to Predict 1 Year
Survival After Myecardial Infarction

PACLQ FIORETTI, MD.* RONALD W. EROWER, PuD.f MAARTEN L. SIMOONS. MD, FACC.*
HARALD Tten KATEN, BSc.* ANITA BEELEN, BSc.* TACO BAARDMAN., BSc,*
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Rotterdam, The Netherlands

The relative value of predischarge clinical variables, bi-
cycle ergometry, radionuclide ventriculography and 24
bour ambulatory electrocardiographic monitoring for
predicting survival during the first year in 351 hospital
survivors of acute myocardial infarction was assessed.
Discriminant function analysis showed that in patients
eligible for stress testing the extent of blood pressure
inerease doring exercise slightly improved the predictive
accuracy beyond that of simple clinical variables (history
of previous myocardizl infarction, persistent heart fail-
ure after the acute phase of infarction and use of digitalis
at discharge), whereas radionuclide veniriculography and
24 hour electrocardiopraphic monitoring did not. The
predictive vaine for mortality was 12% with clinical vari-
abies alone and 15% with the stress test added.

Radionuciide veatriculography and 24 hour electro.
cardiographic monitoring were slightly additive to clin-
ical information in the whole group of patients indepen-~
dent of the eligibility for stress testing (predictive value
for mortality 24% with clinical variables alone and 26%
with radionuclide cjection fraction and 24 hour clectro-
cardiographic monitoring added).

It is concluded that the appropriate use of simple
clinical variables znd stress testing s sulficient for risk
stratification in postinfarction patients, whereas radio~
nuclide vertriclography and 24 bour clectrocardio-
graphic monitoring should be limited to paticnts not
eligible for stress testing.

(f Am Coll Cardiof 1986:8:40-9)

Left ventricular function is 2 major prognostic determinant
of survival in the first year after acute myocardial infarction
{1-5). although residual myocardial ischemia {6.7) and ven-
tricular arrhythmias (2,8.9) have also been associated with
reduced survival. On the basis of these observations dif-
ferent algorithms have been proposed to assess the risk for
individual patients early after acute myocardial infarction,
including clinical variables and multiple noninvasive or in-
vasive tests (5.10,11). Stress testing (3.5.7.12-13), radio-
nuclide ventriculography (5.16,17) and 24 hour ambulatory
electrocardiographic monitoring (2.5.9.18-20) are com-
monly performed carly after myocardial infarction and ail

From the *Thoraxcenter, Erasmus University and Academic Hospital
Dijkzipt, and the TInteruniversity Curdiology Institute, Rouerdam, The
Netherlands.

Manuseript received June 25, 1983; revised manuserips received Feb-
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have been shown fo provide some prognostic information.
However, as far as we know. their relative merit in pre-
dicting Jate survival independent of easily obtainzble clinical
information has not been established, because most reported
data have concentrated on one testing method rather than
comparing them all.

We have shown in previous studies on postinfarction
patients that radionuclide ventriculography and bicycle er-
gometry provide similar prognostic information (5) and that
bicycle ergometry slightly improves the prediction of sur-
vival during the first year after myocardial infarction beyond
that of routine clinical variables {15). The aim of the present
study was to determine whether the results from more ex-
pensive tests, such as radionuclide ventriculography and 24
hour ambulatory electrocardiographic monitoring, provide
a further improvement of the prognostic judgment compared
with the appropriate use of simple clinical variables and
mexpensive, widely available and practical forms of stress
testing.

0735-1097/86/53.50
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Methods

Patients. The records of 706 consecutive patients ad-
mitted to the coronary care unit of the Thoraxcenter bewween
March 1981 and December 1983 with documented acute
myocardial infarction were reviewed. This population in-
cludes 26% of patients referred from other hospitals for
complications. The diagnosis of acute myocardial infarction
was based on at least two of the following criteriaz ) Typical
prolonged chest pain at least 45 mimates in duration. 2) In
transmural acute myocardial infarction. dynamic electro-
cardiographic changes such as evolving Q waves longer than
0.04 second with ST-T changes or, in non-Q wave infarc-
tions, ST-T changes persisting for at least 24 houwrs, 3)
Increase of total serum creatine kinase level with a peak
level of more than 100 YW/liter (twice the upper limit of
normal values in our laboratory). Previous myocardial in-
farction was diagnosed by a typical history or diagnostic Q
wave abnormalities, or both.

Hospital mortality oceurred in 104 patients (14%). Coro-
nary artery bypass grafting before hospital discharpe was
performed in 51 patients, percutancous translumiral coro-
nary angioplasty for postinfarction angina was performed
in 16 cases and cardiac surgery for mitral insufficiency or
ventricular septal defect was performed in 9 patients.

Multiple tests. In hospital survivors, symptom-limited
bicycle ergometry, rest radionuclide ventriculography and
24 hour ambulatory clectrocardiographic monitoring were
performed in, respectively, 407, 520 and 389 patients an
average of 14 days after myocardial infarction. befose hos-
pital discharge. Radiomiclide ventriculography and siuess
testing were performed as previously described (5). Swess
testing was symptom limited and medication was not dis-
continued a1 the time of the test. Drug therapy included a
beta-receptor blocker in 209 patients (52%) and digitalis in
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66 (16%). One hundred ninety-one patients were judged not
eligible for stress testing, because of angina in 55, heart
failure in 47, a noncardiac limitation in 71 ard logistic
problems in 18. Twenty-four hour ambulatory electrocar-
diographic recordings were centralty analyzed (21} using a
modified Medilog system (MRI4).

Patient subsets (Table 1). Six of the surviving patients
were lost to follow-up, while 594 patients were followed
up for 1 year by regular outpatient visits or. in a few cases.
by telephone contact with their general practitioner. Cardiac
death was the primary end point of this study but other
events, such as nonfatal reinfarction. corenary artery bypass
surgery and percutaneous transluminal coropary angio-
plasty, were also recorded.

Prediction of survival was performed first in the 594
patients who survived hospital stay. including those who
anderwent revascularization procedures before hospital dis-
¢harge, Two patients who died of noncardiac canses were
excluded from the analysis. Because of the influence that
cardiac surgery or percutancous iransluminal coronary an-
gioplasty could have had on the first year course of evenzs,
the analysis was repeated after excluding the 76 patients
who underwent one or both of these procedures, Depending
on the diagnostic tests performed, different subgroups of
patients were analyzed: 449 patients were studied with radio-
nuclide ventriculography and stress iesting wnless contrain-
dicated, while 351 had a complete evaluation including
radionuclide angiography, 24 hour ambulatory electrocar-
diographic monitoring and bicycle ergometry. unless con-
traindicated.

Statistical analysis. Univariate analysis with the un-
paired Student’s r test for coatinuous variables and chi-
squarc or Fisher’s exact test for discrete variables were
applied when appropriate. Data are expressed as mean and
standard deviation unless otherwise specified. To compare

Table 1. One Year Survival in 706 Consecutive Patients Admitted to the Coronary Care Unit of
the Thoraxcenter With a Proven Diagnosis of Acute Myocardial Infarction

No. of Deaths at

No. of Patients 1 Year (%)
Total population 706 176 (25)
Hospital death 104 104 (14) 176
Discharged alive. with 1 year follow-up S%J 706 T2 (1%
Lost to follow-up 6 —_
Cardiac surgery or PTCA before discharge 76 596 hospital survivors 23 ] -
Discharged on medical therapy 5264 with | year follow-up 70 (13)*
With RV and XT 355 - 24N
v a9
With RV and contraindication for XT ga ] 449 with R 25 (26) ]
With RV, XT and 24 k ECG 29377 351 with RV 19 (6) :l 1
With RV, 28 h ECG and contraindication 58 + 24 h ECG 13 (22)
for XT
*Including two noncardiac deaths. PTCA = p | coronary angioplasty; RV = radio-

nuclide ventriculegrapby: 24 h ECG = 24 hour

v electrocardiographi

1est {bicycle ergometry).
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the predictive value for moutality of different continucus
variables. we used receiver-operator characieristic curves
as in previous reports from our group (5.15).

The BMDP statistical package for stepwise discriminant
analysis (P7M) was used 1o generate classification functions
for different classes of information: clinical vuriables only
and clinical variables combined stepwise with stress testing,
radionuclide ventriculography and 24 hour ambulatory
clectrocardiographic monitoring. to assess whether the com-
bination of the different tests provides additive predictive
value beyond clinical data alone.

The chinical variables consisted of age, sex, history of
previous myocardial infarction. history of previous angina
more than 4 weeks before the index myocardial infarction,
anterior location of index myocardial infarction. the worst
Killip functional class while in the coronary care unit, pres-
ence of angina pectoris dusing hospizal stay. persistence of
congestive heart failure after the stay in the coronary care
unit, sustained ventricular tachycardia or fibrillation more
than 72 hours after myocardial infarction. cardiothoracic
ratio at discharge greater than 50% and use of digoxin,
diuretic drugs and beta-blockers at discharge.

The stress test variables included percent of predicted
work capacity, maximal work load, occurrence of angina
during the test, heart rate at peak work load. extent of
systolic blood pressure rise. ST depression. ST elevation
and any ventricular arrhythmia.

Left ventricular ejection fraction was the only vanable
included from radionuclide ventriculography.

Variables from 24 hour ambulatory electrocardiographic
monitoring in the stepwise analysis included: more than five
multiform premature ventricular complexes during any min-
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ute of the recording, and the presence of any ventricular
couplet or venmicular tachycardia (runs of three or more
ventricular complexes with a rate 2 100/min) during the 24
hour recording period.

The end point of the study was cardiac mortality during
the first year after myvocardial infarction. In a first pass,
stepup analysis was done using an F value of 1.0, which
entered in the discominant function all variables remotely
refated to the outcome, In the second pass. a siepdown
analysis was performed on the selected subgroup of vari-
ables using an F value of 4.0 or more. The discriminant
functions resulting from the stepdown analysis were then
used to predict the classification of the same group of pa-
tients for a range of threshold levels of the discriminant
function.

Resuits

Prediction of survival by univariate analysis in all 596
hospital survivors (Tables 2 and 3). During the 1 year
follow-up period there were 70 cardiac-related deaths: 37
sudden, 18 from reinfarction. 13 from heart failure and 2
perioperative. There were two noncardiac deaths, which
were excluded from analysis. Death oceurred within 3 months
of the index infarction in 30 cases. between 3 and 6 months
in 14 cases and between 6 and 12 months in 26 cases.

All clinical variables reflecting impaired left ventricular
function were associated with poor survival. In additon.
late ventricular tachycardia or fibrillation was significantly
asseciated with late mortality. Early postinfarction angina
was not followed by a higher mortality than that In patients

Table 2. Differences in Clinical Varizbles Before Discharge Berwsen Late Survivors and

Nonsurvivors Among 594 Hospital Survivors

Clinical Variables Survivors Nonsurvivors p Value
No. of patients 52 70 —
Maie (%) 74 T4 NS
Age {yn) 57 = 10 62 = 12 0.0005
Previous angina (%) 36 53 0.01
Previous AMI (55} 26 50 0.0005
Anterior AMI (%) 34 38 NS
Killip elass 11 (%} T ks 0.0005
Peak CK (IU/Miter) 564 = 481 590 = 554 NS
Post-AMI angma (%} x5 27 NS
Late heart failure (56} 13 47 0.00035
Late VT or VF (%) 3 14 0.0005
CTR >350% (%) 20 57 0.00035
Digialis at discharge (%) 18 56 0.0003
Diuretic therapy at discharge (%) Ed 66 0.0005
Bew-blockers at discharpe (%) 54 33 0.001
Cardiac surgery or PTCA (%) 12 3 0.01

The data of two palients who died of noncardiac causes are excluded. AMI = acute myocardial infaretion;
CK = serum ercatine kinase; CTR = cardiothoracic ratio: N§ = not significant; VF = ventricular fibrillation;
VT = sustained ventricular tachycardia; other abbreviations as in Table 1.
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Table 3. Differences in Predischarge Bicycle Ergometry, Radionuclide Ventriculography and 24
Hour Ambulatory Elecrrecardiographic Monitoring Between Late Survivers and Nonsurvivers in

594 Hospital Survivors

Survivors NoRsurvivors P Value
Radignuclide ventriculography
No. of patients a6l 52 —_
Ejectien [raction {5} 47 = 14 32 =15 0.0005
Bicycle ergometry
No. of patients kres o] —_
Reason for interrupting the test (%)
Fatigue 71 62 NS
Angina 6 7 NS
Dryspnea 13 17 NS
Pressure drop 2 13 0.001
Maximal work lead (W) 114 = 33 g = 23 .02
Percemt working capacity 79 =17 66 = 15 0.0005
Angina (%) 20 20 N5
Heart rate at rest (beals/min) B2 = i6 89 = 18 0.01
Peak heart rate (beatsmin) 130 = 12 133 = 27 NS
SBP at rest {(mm Hg) 121 = 15 121 = 20 NS
Pzak SBP {mm Hg) 163 = 28 141 = 215 0.000s
SBP rise {mm Hg} 2= 21 = 19 0.0005
ST depression (%" 46 53 NS
Work load at ST depression {W} @ = 31 82 = 33 NS
ST clevagon (%)* 44 53 NS
Ventricular ectopic activily (%) 22 34 NS
24 h ECG monitoring
No. of patients 349 39 —
Multiform PYCs >5/min (52) 24 33 NS
Ventricular couplets (5) 31 58 0.001
Ventricular tachycardia (%9} 13 38 0.0005

*ST depression or elevation

| mm. The data of two patients whe died of noncardiac causes during

lollow-up are excluded. PVCs = premature ventricular complexes; SBP = systolic blood pressure; other
2

abbreviations as in Tables 1 and

without angina; in contrast. a history of stable preinfarction
angina was associated with a poor prognosis.

Radionuclide ejection fraction was significantly lower in
nonsurvivors. consistent with the clinical findings.

An insufficient maximal work load and an insufficient
blood pressure rise during the stress test were predictive of
meortality, whereas markers of ischemia, such as angina and
ST depression during exercise, were not predictive. Ven-
tricular ectopic activity was more frequent in nonsurvivors,
but not significantly so.

Firally, 24 hour ambulatory electracardiographic mon-
itoring was alsc predictive because the incidence of repet-
itive ventricular complexes was higher in nonsurvivors.

Prediction of survival from clinical variables, radio-
nuclide ventricuiography and bicydle ergometry in 449
patients treated medically (Tables 4 and 5). Radionuclide
ventriculography was performed on 449 of the 520 patients
treated medically (Table 1). Three hundred fifty-five patients
were eligible for siress testing, whereas 94 were ineligible.
Mortality was highest in patients ineligible for the exercise
test (n = 25: 26%) and was 7% (n = 24) in patients who
were judged eligible for the test. Baseline characteristics of
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the patients who were and were not cligible for stress testing
are reported in Table 4. These data indicate that patients
not eligible for testing were older, had more severe left
ventricular dysfunctior: and a higher incidence of early post-
infarction angina than did patients who completed the test.

The predicrive value of clinical variables. stress testing
and radionuclide ejection fraction by univariate analysis
was comparable with that found in the whole group of 596
patients described in the previous section (Tables 2 and 3).
Ejection fraction was lower in nonsurvivors than ir survivors
(31 = 14 versus 47 = 15%. respectively: p < 0.0005).
The distribution of radionuclide ejection fraction values in
the 449 patients is shown in Figure 1. Among stress test
results, the contraindication for the test and the extent of
blood pressure increase were the best predictors of prog-
nOSIs.

The predictive value of radionuclide ejection fraction and
stress testing {combined with the contraindication for the
test and blood pressure increase) were comparable {Fig. 2}.
because the sensitivity and the specificity of the two tests
largely overlap ducing the whole range of measuremenss.
The cutoff points with the highest sensitivity and specificity
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Tabie 4. Baseline Characteristcs of 355 Patients Eligible and 94 Patents Not Eligible for

Exercise Test, Treated Mcdically

Eligible for Not Eligible for

Swress Testing Stress Testing p Value
No. of patients 355 94 -
Ape (yn) 53 10 =9 0.001
Men (52) a3 69 0.005
Previous AMI (%) puk 3 40 0.001
Anterior AMI (%)} 37 a0 NS
Killip class >I1 (%) 5 24 0.00035
Late heart failure (%) 35 14 0.0005
Post-AM]I angina (%) 28 16 0.01
Late VT or VF (%) 4 11 0.01
CTR >50% (%) 41 13 0.6005
Ejection fraction (%2} %16 a7 = 1% 0.0003

Abbreviations as in Tables T and 2.

to predict survival were a blood pressure rise of 30 mm He
for stress testing and an ejection fraction of 40%.

The discriminant function analysis (Table 5) using the
clinical variables alone in the group of 355 patients eligible
for stress testing resulted in two independent variables pre-
dictive of mortality at the (.05 level of significance: a history
of previous myocardial infarction and teatment with digi-
talis at discharge. The predictive accuracy was slightly im-
proved when the result of stress testing. that is. extent of
blood pressure increase. was included with the clinica} vag-
ables. In contrast. radionuclide ¢jection fracton did mot
improve the prediction.

On the other hand. radionuclide ventriculography in pa-
tients ineligible for stress tesing did provide an improve-
ment in the prediction of survival compared with clinical
variables alone, increasing the predictive value for mortality
from 50 to 58%. The receiver-operator characteristic curves
of the discriminant functions derived from clinical variables
alone and combined with stress test and radionuclide results
are shown in Figure 3 (patients eligible for the stress test)
and Figure 4 (those not eligible). From these curves it ap-
pears that bicycle ergometry provides an improvement on
the prognostic judgment compared with clinical variables
alone in patients eligible for stress testing, while radio-

Table 5. Prediction of Cardiac Mortality by Disenminant Function Analysis in 449 Patients Studied With Radienuclide

Ventriculography and Bicycle Erpometry (unless contraindicated)

Patients Eligible for Stress Test

Patients Not Eligible for Stress Test

Clinical Clinical Variables + Clini¢cal Variables + Clinical Variables +
Variables Stress Test Stress Test + EF Clinieal Varables EF

Noasurvivors (n} 24 4 24 25 a5
Survivers {n) 331 331 331 69 69
Clinical variables (F value)

Previous AMI 18.4 15.4 154 5.1 _

Drischarged on digitalis 26 18.6 18.6 - —

CTR >50% - — — 15.3 9.9

Late VT or VF —_ —_ — 58 o
Stress testing, (F value)

SBP rise — 5.4 5.4 — —
Radionuclide ventriculography

(F value)

Ejection fraction — — — — 10.6
Predicove accuracy

Senmtvaty (%) 71 71 7 81 76

Specificity {%) 67 7 7 70 30

Predictsve value positive (%) 13 135 15 50 58

Predictive value ncgative (%) 97 97 97 2 20

Total correct classification (52} &7 Ti k) 73 79

High sisk group (%) 5 32 32 45 35

Risk ratio 4.4 5.2 iz 6.5 59

EF = cjection fraction; other abbreviations as in Tables 1 and 2.
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Figure 1. Histogrum of gjection fraction refative to 1 year survival
in 449 patients with acute myocardial infarction dischurged re-
ceiving medical rearment,

auclide ventmiculography helps prognosis in those patients
not eligible for exercise testing. However, it must be em-
phasized that bicycle ergometry and radionuciide ventric-
ulography provide only a slight improvement bevond other
routine clinical information,

Prediction of sarvival from clinical variables, ragio-
puclide ventriculography., 24 howr ambalatory ¢leciro-
cardiographic monitoring and bicycle ergometry in 351
patients treated medically (Tables 6 to 8). The univariate
analysis of these predictive variables was separately ana-
Iyzed in patients eligible and not eligible for stress testing
(Fables 6 and 7). Radionuclide ejection fraction was lower
in patients not eligible for the stress test than in those eligible
for the test (41 = 15 versus 47 = 15%, respectively: p <
0.01). Patients with an ejection fraction of 40% or more
(n = 235) had a morality rate of 4% (n = 9) compared

Figure 2. Predictors of mortality after acute myocardial infarction.
Specificity versus sensitivity for prediction of late cardiac mortality
of radionuclide ejection fraction and exercise (X) testing (con-
traindication for the test or change of systolic anterial blood pres-
sure [BP] during the test).
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Figure 3. Specificity versus sensitivity for late mortality after acute
myocardial infarction of discriminan: function derived from clin-
ical variables (CL. VAR.) alone and the combination of clinical
and exercise (X) test results. EJ. = ¢jection.

with a mornality rate of 20% (n = 23) in 116 paticnts with
an ejection fraction of less than 40%.

The presence of repetitive ventricular complexes (cou-
plets or tachycardia) during 24 hour clectrocardiographic
monitering was significantly associated with mortality only
in patients not eligible for stress testing. In these patients
the predictive vaiue for mortality of repetitive ventricular
complexes was 37%, compared with 9% in patients eligible
for bicycle ergometry.

On the basis of the extent of blood pressure increase
during stress testing. 204 patients at low risk (495 mortatity

Figure 4. Specificity versus sensitivity for fatc mortality after acute
myocardial infarction of discriminant function derived from clin-
ical variables alone and the combination of clinical variables and
radionuclide ventriculography, in 94 patients not eligible for stress
testing. Abbreviations as in Figure 3.
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Table 6. Univariate Predictors of Morality in 331 Patients With Complete Evaluation

Paticnits Elipible for Patients Not Eligible for

All Patients Stress Testing Stress Tesung
Survivers  Nonsurv.  p Value  Survivors  Nomsurv.,  p Value  Survivens  Nonsurv.  p Value
No. of patients 39 a2 e 19 45 13
Clinical variables
Age (yr)* 56 = 10 58+ 12 NS 5 = 10 52+ 11 NS 65 =9 67 = 8 NS
Males (%} 84 23 NS 36 95 NS 73 69 NS
Provious AMI (%) 22 53 0001 20 a7 0.001 pa 62 0.02
Previous angina (56} 33 56 0.001 31 37 NS 40 &5 0.005
Anterior AMI (%) 37 43 NS 36 53 NS 37 EN NS
Killip class =11 (%) ] 23 6001 5 11 NS 9 a6 0.002
Post-AMI angina (%} 17 25 NS 14 2l NS 33 £ NS
Late heart (atlure (%) 14 30 0.001 12 a4z 0.001 24 62 0.001
Late VT or VF (%) 4+ 16 0.003 4 11 NS 4 k] 0.05
CTR >50% (%) 20 50 0.001 4 26 NS 24 8s 0.001
Digitaliz at discharge (%) 16 59 0.001 13 53 0.001 2 59 0.001
Diyretic therapy at discharge (55) 34 n 3.001 3z 63 Q.01 e 85 0.6
Betn-blockers at discharge (%) 56 37 0.65 60 42 NS il 3 NS
Radienyclide EF (%)* 47 =14 3B =16 0001 48 = 14 35 =18 0.001 45 = 15 30 > 12 0.002
24 h ECG monitonng
Multiform PVCy >5/min (%) el 3a NS 23 2l NS 25 54 NS§
Ventricular couplets (%) 3z 9 8.005 31 47 NS 33 77 0.005
Ventricular tachycardin (%) 12 7 0.001 13 21 NS 15 62 0.001

*Mean = SD. Nonsurv.

rate) were identified with & blood pressure increase of 30
mm Hg or more and an intermediate risk group included
89 patients with a mortality ratc of 12% who had a blood
pressure rise of less than 30 mm Hg.

The discriminant function analysis (Table 8) applied 10
clinical variables only in the entire group of 351 patients
resulted in three independent varables predictive of mor-
tality at the 0.05 level of significance: use of digitalis at
discharge, history of a previous myocardial infarction and
persistence of heart failure after the acute phase of infarc-
tion. By adding the results of radionuclide ventriculography
and of 24 hour ambulatory clectrocardiographic monitoring.
cjection fraction and the presence of ventricular tachycardia
improved the predictive accuracy compared with that of
clinical variables alone.

nonsurvivors: other abbreviations us in previous tables.

When a similar stepwise analysis was repeated in the
group of patients eligible for the stress test, stress test Tesuits
(the cxtent of blood pressure rise) slightly improved the
prediction over that of clinical variables alene. but in this
subset of patients ejection fraction and the results of 24 hour
ambulatory clectrocardiographic monitoring did not provide
any additional information beyond that provided by the com-
binatien of clinical and stress test results,

Discussion

Left ventricular dysfunction. ventricular arrhythmias and
residual myocardial ischemia are alf imporiant determinanss
of survival duriag the first year after myocardial infarction
(1.2.6} when considered separately. Consequently, multiple

Table 7. Univanate Predictors of Survival in 293 Patients With Complete Evaluation: Stress

Test Results

Survivors Nonsurvivors p Value
No. of patients 274 19 e
Maxirnal work load (W) 115 = 32 103 = 23 NS
Working capacity (%) 79 =17 66 = |4 0.002
Angina (%) 15 11 NS
Hcart rate at rest fheatwmin) 81 = 16 93 = {9 0.002
Peak heart rate {beats/min) 130 = 22 139 = 25 0.05
SBP at rest {mm Hg) 121 = 1% 120 = 18 NS
Peak SBP (mm Hg} 161 = 26 123 = 27 0.002
SBP rise (mm Hg) a0 = 22 24 = 20 0002
ST depression (%) 44 47 NS
Any ventricular arrhythmia () 2 26 NS

Adbreviations 4. in previous tables.
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Table 8. Prediction of Mortality by Discriminant Function Analysis in 35! Patients With Complete Evaluation

All Patients

Fatients Eligible for Smess Test

Clinical Variables

Clinical Clinical Variubles + Clinical Vartables + + Stress Test +
Variables EF + 24 h ECG Clinical Variables Stress Test EF + 24 h ECG

Nonsurvivers (n) 32 32 19 19 19
Survivors (n) 339 e 273 74 274
Clinical variables (F vulug)

Dischorged on digialis 20.5 6.4 19.1 158 15.8

History of previous AMI 14.1 12.7 7.5 5.8 5.8

Late hean failure 3.5 — — — —
Radionuclide ventriculography (F valug)

Ejection fraction — 5.2 — — —
24 h ECG monitoring (F value)

Ventricular tachycardia — 75 — — —
Suress testing (F value)

SBP nise — —_ — 5.0 5.0
Predietive accuracy (%)

Scnsitivity (%5} 59 72 63 63 63

Speciticity (55} 31 30 67 75 75

Predictive value positive (%) 4 26 12 15 15

Predictive value negative (% ) 95 97 96 98 %8

Total comrect classification (% 79 79 67 s 5

High risk group (%) 23 25 35 27 27

Risk ratio 5.0 7.7 32 4.5 4.5

Abbreviations as in Tables 1 and 2.

tests have been applied to postinfarction patients to improve
the prediction of clinical outcome obtainable with clinical
variables only (10.11). The questions now are: which of
these tests is the most predictive and do we need them all
in every patient? Indeed. the present study confirms that
clinical variables. stress testing, radionuclide angiography
and 24 hour ambulatory clectrocardiographic monitoring are
all useful in predicting late survival, When clinical infor-

mation and these tests indicate left ventricular dysfunction
and show complex ventricular arrhythmias, Jate survival is
reduced (Table 6).

Surprisingly, early postinfarction angina and ST depres-
sion during the exercise test were not predictive of impaired
survival. This is largely expiained by the fact that 76 patients
with more severe carly postinfarction angina waderwent
coronary artery bypass or percutaneous transiuminal core-

51
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Figure 5. One year mortality after
hospital  discharge following acute
myocardial infarction in subsets of pa-
tients based on clinical and exercise
test results, AMI = acute myocardial
infarction; BP = blood pressure; ECG
electrocardiogram.
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nary angioplasty before hospital discharge (22.23} and,
therefore, had to be excluded. However, other studies (24.25)
have also failed to show ST depression during stress testing
to have much prognostic relevance. even when patients
undergoing revascularization were excluded (24).

Clinical variables versus rmultiple fests. Also consist-
ent with previous studies (2,26), stress testing. radionuclide
ventriculography and 24 hour ambulatory electrocardio-
graphic monitoring do provide additional prognostic mnfor-
mation to that provided by clinical data (Table 8). However,
when multivariate analysis was restricted to those patients
who completed a stress test, only the extent of blood pres-
sure rise during exercise improved the prediction based on
clinical data alone. whereas radionuclide ejection fraction
and results of 24 hour ambulatory electrocardiographic mon-
itoring were not additive. The failure of the ¢jection fraction
determination o provide supplemental information is prob-
ably related 1o the better left ventricular function of the
patients selected for stress esting compared with that of
patients who were not cligible for swess resting (Table 4).
Complex ventricular arthythmias also added little new prog-
nostic information in this group of patients. This finding
also 15 consistent with the observations of many other in-
vestigators {1,27) who found that the prognostic relevance
of complex ventricular arrhythmias is secondary 1o the as-
sessment of gjection fraction.

Taken together. our results show that a large percentage
of patients at low risk of mortality can be identified with
casily obtainable and low cost techniques (Fig. 5). These
findings are similar to those recently published by Krone et
al. (12}, who found a 1% rrortality rate during the first year
after acute myocardial infarction in patients with no signs
of pulmonary cengestion and a systolic blood pressure of
116 mm Hg or more during exercise. Such patients, who
represent a substantial percentage of postinfarction patients,
therefore do not require further noninvasive or invasive di-
agnostic procedures, which by itself will reduce the overail
cost of postinfarciion evaluation.

Qur results point out that low risk patients can be effi-
ciently identified by clinical information and stress test re-
sults; in contrast, the predictive value for mortality in pa-
tients undergoing stress testing is low even with the optimal
combination of different tests, being 15% at best in our
experience (Tables 5 and 8},

Limitations of the study. Some limitations of our study
have 10 be acknowledged. Medications were not withdrrwn
before stress testing; this is particularly important in relation
to the patients using beta-blockers, because the damping
effect of these agents on blood pressure rise during exercise
lowers the predictive value of blood pressure respense, as
we observed previously {13). Therefore, in the presence of
a low blood pressure increase in patients receiving beta-
blocker therapy, the result should be interpreted cautiously
and the fest eventually repeated after discontinuation of the
beta-blocking agent. Furthermore, our results might have
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been influenced by the exclusion of some patients from
analysis because of incompiete evaluation or early revas-
cularization procedures.

Conclusions. We recommend a careful clinical assess-
ment during hospitalization of patients with acute infarction.
A history of previous myocardial infarction or requirement
of digitalis on discharge by itself categorizes a high risk
profile. A symptom-limited stress test should nevertheless
be carried out at discharge as a routine procedure. Additional
tests, such as radicnuclide angiography and 24 hour am-
bulatory electrocardiegraphic monitoring, should be carried
out only in patients with contraindications for stress testing
or in those who complete the test and have an equivecal
risk profile. In the low risk group it is unlikely that. unless
indicated by symptoms, any particular medical treatment or
any procedure of revascularization can significantly improve
prognosis during the first year, although this should be pro-
spectively verified. Long-term follow-up is required to de-
termine whether the benign clinical course is maintained n
these low msk patients. On the other hand, in the higher
risk group, the appropriate treatment will also depend on
the results of coronary arteriography. This procedure can
be recommended with conviction on the basis of the pre-
dictive value of the noninvasive tests.

We gratefully acknowledge A Peterse and 5. Schenderling for the inter-
pretation of 24 hour ambulatory electrocardiographic monitonng data and
H. de Wolf for assisting in the preparztion of the database.
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ABSTRACT

The prognostic value of QRS score (Selvester ), ST-depression, ST-eleva-—
tion, premature ventricular contractions, P terminazl force in Vl and QTc
from predischarge 12 lead electrocardiogram, has been assessed in 474
patients after myocardial infarction without ventricular conduction
defects and/or hypertrophy amd/or atrial fibrillation. These results were
compared with other usual clinical data for risk assessment. During
follow-up 45 patients died.

By logistic regression analysis, QRS-score, ST-depression and QTc were
independently predictive of cardiac mortality. However, when multivariate
analysis was applied teo clinical and electrocardiographic datz, the
12-lead electrocardiogram did not provide independent information above
other usual c¢linical and laboratory findings, such as 2 history of »re~
vious myocardial infarction, clinical signs of persistent heart failure,
indication for digitalis or antiarrhythmic drugs at discharge, and en-
larged heart om X ray. In conclusion, the electrocardiogram has important
prognostic value, however it is not powerful enough to further improve the

risk assegsment of post-infarction patients.

Rey words: 12 lead electrocardiogram, risk assessment after myocardial

infarction.

INTRODUCTION

In the last few vears cardiology has witnessed increased emphasis on
a number of non-invasive as well as invasive tests which zssess many
different aspects of cardiac function. Some of these tests, (mainly
related to the detection of myocardial ischemia, the quality of left
ventricular function or the occurrence of ventricular arrhythmias) have
been utilized to assess the risk of pzatients after myocardial infarction.
However, it is apparent that there is considerable redundancy in infor-
mation (1}. Futhermore, since that many hospitals cannot support all these
tests, which are costly and in some cases risky for the patient, it has
become increasingly desirable to employ the usual clinical and laboratory
findings in an optimal fashion.

Recently, different studies have shown that the 12 lead electro-
cardiogram has important prognostic value in patients after myocardial

infaretion (2-7). However, few studies have also included in their ana-
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lysig, other clinical findings (2) or utilized a multivariate analysis for
the prediction of survival. The routine 12 lead electrocardiogram could be
a a very attractive tool for risk assessment in postinfarction patients,
as it provides information on the extent of myocardial damage (8), left
atrium overload (7,9), presence of myocardial ischemia (2,10) arrhythmias
(3) and electrical instability (4,5}.

The aim of this study was to analyze the power of different variables
extracted from predischarge electrocardiogram te predict one year survival
after myocardial infarction, and to establish whether they provide additio-
pal information beyond the routine clinical findings and tests. The study
was based on 474 hospital survivors of myocardial infarction, without
ventricular conduction defects, ventricular hypertrophy or atrial f£ibril-

lation.

PATIENTIS AND METHODS

From March 1981 to December 1983, 706 consecutive patients were
admitted to the coronary care unit of the Thoraxcenter with a confirmed
diagnosis of acute myocardial infarction. Out of 602 hospital survivors,
474 patients formed the data base for this study (table 1). All these
patients were followed up for ome year with cardiac mortality as the end
point. To predict mortality, we utilized different sets of informatiom,
derived from predischarge 12 lead electrocardiogram znd from the other
clinical and laboratory findings obtainmed during the different phases of
hospitalization.

Electrocardiographic variables.

Standard 12 jead electrocardiogram was obtained at discharge on a
three chamnel Hewlett Packard 1513. A fecorder at a paper speed of 253
mm/s. The following electrocardiographic variables have been measured: the
presence of premature ventricular contractioms, QRS score developed by
Selvester (8), ST-~depression (horizontzl or downsloping) or elevation of
one mm or more, P terminal force in Vl (7,9), and QT-interval corrected
for heart rate (QTc) {(4,5). The measurements were performed by one cardio-
logist, blinded to the clinical outcome of the individual patients. In a
previous study we showed a good agreement when QRS score was measured by

two independent observers (6).
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TABLE 1 Patient population.

Admitted with acute
myocardial infarction:

Study group:

Excluded from the study:

Hospital mortality
Lost to follow-up
Non~cardiac death
Missing or bad quality
pre—~discharge ECG

With ventricular conductieon
defects or hypertrophy

Atrial fibrillation

Abbreviation : ECG : 12 lead

¥ l~year mortality
706 174 (25%)
474 45 (9%}
104 104
6 -
2 2
36 3 (8D
8 19 (24%)
6 3 (50%)
electrocardiogram
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Qther clinical variables

The other "routine" wvariables consisted of age, sex, history of
previous myocardial infarction, pre=-infarction stable angina pectoxis, the
anterior location of the index infarction (Q-wave infarctiom), the worst
Killip class while in the coronary care unit, early post-infarction
angina, ventricular fibrillation any time before hospital discharge,
"late” (72 hours or more after the infarction) ventricular fibrillation,
"late" sustained ventricular tachycardia or supraventricular tacharrhych-
mias, persistent heart failure after discharge from the coronary care
unit, resting heart rate at discharge, medication at discharge, cardio-
megaly at discharge {(cardiothoracic ratio > 50%) and radiological signs of
pulmonary congestion. These variables were selected based om clinical
experience and previous studies im our clinic. Other tests performed
before discharge included radionuclide resting ventriculography im 417
patients, symptom limited bicycle ergometry inm 340 patients and 24-hour
ambulatory electrocardiograpbic monitoring in 310 patients, as previously
described (1).

Cardiac catheterization with coronary arteriography was additionally
performed in 235 of these patients for elective indications or as part of
a randomized trial with intracoronary streptckinase (11-13). Medication at
discharge included betablockers in 270 patients, digitalis in 94, diure~-
tics in 166, antiarrhythmics in 17, nitrates or other vasodilators in 180
and calcium blockers in 128. Coronary artery bypass surgery was applied in
46 patients, and transluminal coronary angloplasty in 15 patients, before
hospital discharge.

Statistical analysis

Univariate analysis for the different electrocardiographic and
clinical varizbles was performed. Continuous variables were trichotomized.
The 95% confidence interval (CI) for the respective risk ratio’s (RR) were
calculated according to Miettinem and Nurminen(l0) with the first tertile
considered as the reference group. If the $5% confidence interval exceeds
1, the association of the respective variable with the risk of dying
within one year is statistically significant at the 5% level. For multi-
variate analysis the logistic regression model was used in order to
predict mortality. Thus the objective was to find any combination of

variables that predicted mortaliry to its nearest accuracy. As a general
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principle, indicator variables were used. These are variables which assume
the value of 1 if the property considered is present and 0 if absent.
Continucus variables were trichotomized, so that indicator wvariables
for the middle and high risk categories were considered for inclusion inte
the model. The BMDP package was used which selects stepwise predictor
variables based on the maximum likelihood ratie (MLR). This provides is a
measure of significance and has an asymptotic chi-square distribution.
Thus variables were included into the model, if they led to a substanrial
improvement of the log-likelihood (P<0.10), or if their removal led to a
substantial decrease (p<0.15). Forward selection and backward elimination
of the variables into the model yielded the same models.

Two medels were developed, one based on the 12-lead electrocardiogram
variables alone and the other on the clinical variables alone.

The regression coefficients of each model have a direct epidemiologic
implication: each coefficient represents the log odds of dying while
controlling for the other variables im the model. Its antilegaritim is the
relative risk for the property considered. As an example, if the regres-
sion coefficient for old myocardial infarction is 1, its antilegarithm
el) is 2.7. This means that the risk of dying within one year for patients
with a previous infarction is 2.7 times as high as that for patients who
suffered no prior myocardial infarcrion. In fact, the coefficients concern
relative odds, which are a good approximation for the relative risk, since

mortality is a relatively rare event (45 out of 474 died, 9.5 %).

RESULTS

Prediction of mortality by uynivariate amalysis

Table 2 gives the results of univariate analysis for the percent mortality
and the rigk ratios of the 474 patients included in the study. Of the
12-lead electrocardicgraphic wvariables, QRS score and ST depression gave

significant wvalues, while QTc ard P terminal force inm V., were less pre—

1
dictive. Of the c¢linical wvariables, previous myocardial infarction,
pre~infarction angima , Killip class III or IV, late paroxysmal supra-
ventricular tachycardia or fibrillation, late heart failure, heart rate at
discharge greater than 75 beats/minute, predischarge cardiothoracic ratio
greater than 50% and pulmonary congestion on X-rays all revealed sig-
nificant risk ratios. From the medications administered at discharge,

three reached significance: digitalis, diuretics and antiarrhythmics.
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TABLE 2  Mortality, risk ratios and comfidence intervals for the different
electrocardiograhic and elinical variables, by wnivariate analysis

i2-lead electrocardiogram

QRS SCORE
< 2
2-5
>5
ST-SEGMENT DEPRESSION
no
yes
ST—~SEGMENT ELEVATION
ne
yes
PVCs
no
ves
PTF
< 10 mm msec
10-20 mm msec
> 20 mm msec
QTc
< 400 msec
400-440 msec
> 440 msec

Other clinical variables

AGE
< 50, years
5060, years
> 60, years
SEX
female
male
PREVIOUS AMI
no
yes
PREVIOUS ANGINA
no
yves
PEAK CK
< 300, Iu/1
300~-600, IU/1
> 00, IU/1
KILLIP CLASS
I~I1
IIT-IV

48

144
140
190

414!
60

306
168

455
19

190
131
153

147
182
145

116
163
193

102
372

331
149

301
173

194
121
159

439
35

9
10
26

34
11

28
17

43
2

14
12
19

12
13
20

11
11
23

12
33

21
24

23
22

14
16
15

(6.3%)
(7.1%)
(13.7%)

(8.2%)
(18.3%

(8.2%)
(10.1%)

(9.5%)
(10.5%)

(7.4%)
(9.2%)
(12.4%)

(8.2%)
(7.17%)
(13.8%)

(9.5%)
(6.7%)
(11.9%)

(11.8%)
(8.9%)

(6.3%)
(16.8%)

(7.6%)
(12.7%)

(7.2%)
(13.2%)
(9.4%)

(8.2%)
(25.7%)

Mortality (%) Risk Ratio

65% Confidence

Interval.
1.1 0.5-2.7
2.2 1.1«4.5
2.2 1.2-4.0
1.1 0.6-1.9
1.1 0.3-3.5
1.2 0.6-2.6
1.7 0.9-3.2
0.9 0.4-1.8
1.7 0.9-3.3
0.7 0.3-1.5
1.3 0.6-2.5
0.7 0. 414
2.6 1.5~4.6
1.7 1.0-2.9
1.8 0.9-3.6
1.3 0.7-2.6
3.1 1.6-5.7



TABLE 2, continued

EARLY POST MI ANGINA
no
yes
LATE VF OR VT
no
yes
LATE SVT OR 4F
no
yes
LATE HEART FAILURE
no
yes
HEART RATE AT DISCHARGE
< 65 bpm
65-75 bpm
> 75 bpm
PREDISCHARGE CTR > 50%
no
yes
PULMONARY CONGESTION
no
yes

MEDICATION AT DISCHARGE:
DIGITALIS

no

yes
DIURETICS

o

yes
BETA-BLOCKERS

Lo

ves
ANTIARRHYTHMICS

no

yes
ANTICOAGULANTS

no

ves

Abbreviations:

N

351
123

460
14

452
22

411
63

185
144
145

379
95

545
29

383
91

312
162

205
269

459
15

384
90

Mortality (%)

32
13

27
18

12
12
21

24
21

24
21

i9
26

24
21

32
13

(9.1%)
(10.6%)

(8.7%)
(35.7%)

(8.8%)
(22.7%)

(6.6%)
(28.6%)

(6.5%)
(8.3%)
(14.4%)

(6.3%)
(22.1%)

(9%)
(20.7%)

(6.3%)
(23.1%)

(6.1%)
(16.0%)

(11.7%)
(7.8%)

(8.7%)
(33.3%)

(8.3%)
(14.4%)

95% Coniidence

Risk Ratio Interval.
l?2 0.6:2.1
4i1 1.8:7.8
2?6 1.1:5.3
4i3 2.5:7.3
1?3 0.6:2.7
2.2 1.2-4.3
3?5 2.0:5-9
2t3 1.1:4.7
3?7 2.1:6.2
2?6 1.5:4.6
0?7 0.4:1.2
3?8 1.7:7.4
lt? 0.9:3.1

PVCs = premature ventricular complexs; PTF= P terminal force in V. ; AMI = acute
myocardial infarction; CK = serum creatine phosphokinase; VF= ventricular
fibrilliation; VT = sustained ventricular tachycardia; SVI= paroxysmal
supraventricular tachycardia; AF=paroxysmal atrial fibrillatien or atrial
flutter, CIR = cardic thoracic ratio.

49



Prediction of moxrtality by multivariate anzlysis

The results of stepwise logistic regression of ome year mortality on the
12-1lead electrocardiogram wvariables are shown in the upper part of table
3. QRS score>5, presence of ST depression and QTIc> 440 msec were found to
be of predictive value. In particular, the presence of a QRS score»s or of
QTe >440 msec yields a 1.8 fold increase in the patient's risk of dying
within one year and the presence of ST-depression multiplies the risk by
2.2.

The lower portion of table 3, summarizes the Llogistic regression
results for the c¢linical variables. The presence of previcus myocardial
infarction, late heart failure, indication for digitalis at discharge or a
cardiothoracic ratio > 50% aad an indication for antiarrhythmic drugs (RR =
4.0) were of irndependent predictive value. The construction of the model
is mot strazightforward herse as there are three variables related to pump
failure: clinical signs of late heart failure, use of digitals and cardio-
thoracic ratio > 50%. The regression model assumes multiplicity of the
different factors. That is, if two factors are present each with a re-
lative risk of 3, then the combined relative risk will be 3 x 3 = 9, As
the three above variables measure to a large the same phenomencn, one may
question the assumption of multiplicity. We investigated this using
interaction terms in our model. We concluded that digitalis aad a cardio-
thoracic ratio® 50% can be combined yielding a satisfying yet parsimonious
model. The consequences are that the relative risk of a patient using
digitalis or with cardiothoracic =wratio » 50%Z remains &.0. However, if
clinical signs of late heart failure are present, the relative risk
jncreases to 12.0, which is also the case if the latter is present with
either of the other risk factors.

The addition of the 12-leaé electrocardiogram variables to the model
already containing the other clinical variables yielded only a2 marginal
better fit to the data; the improvement of the log likelihood is C.32
(¥?=0.64, p > 0.60). From this we concluded that the 12-lead electro=-
cardiogram variables do not make an independent contribution to the
prediction of one year mortality over that of the other clinical
variables alone.

On the other hand, if such data are not availzbe the 12 lead electro-—
cardiogram can, to a certain extent subtitute them. The mean predicted
probability of dying for patients whe actually died is 0.12, based the

electrocardiographic model, and 0.23 based on the c¢linical model. This
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TABLE 3  Variables eventually retained in the logistiec funetion of the risk of
dying within ome year.

coefficient standard relative risk N log~likelihood
12 Jead ECG
QRS SCORE> 5 0.6 0.3 1.8 150
ST SEGMENT DEPRESSION c.8 0.4 2.2 60 —142.2
QTe > 440 msec 0.6 0.3 1.8 145 -
CONSTANT -2.9 0.3 - 474
Clinical variables
PREVIQUS AMI 1.1 0.3 3.0 143
LATE HEART FAILURE 1.1 0.4 3.0 63
DIGITALIS OR CTR > 50% 1.4 0.4 4.1 148 -122.7
ANTTARRIYTHMICS 1.4 0.6 4.1 15
CONSTANT =3.7 0.3 - 474

Abbrevations: N = number of patients in whom the property considered was present.
AMT= acute myocardial infarction; CIR = cardic thoracic ratios
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demonstrates the greater azbility of the clinical wvariazbles to identify
patients who are going to die. The mean predicted prebability of surviving
{l-predicted probability of dying) for patients who actually survived is
0.91 baseéd on <the electrocardiographic models and 0.92 based on the
¢linical model, demonstrating that survival can equally well be predicted

from the electrocardiographic and clinical variabies.

DISCUSSION

Due to the proliferation of neon-invasive and invasive tests, the
armamentarium available to the cardiologist for assessing the risk of
patients after myocardizl infarction has considerably grown. Due to the
overlap of information provided by different tests, the selection of the
most efficient strategy (with the highest ratic of information to cost or
risk to the patient) in an individual patient is not obvious.

In previous studies we addressed the problem of the prognostic value
of tests which are not universally performed at discharge, like exercise
testing, radionuclide ventriculography and the 24-hour ambulatory electro-
cardiogram compared to other clinical variables (1).

In this study, we assessed the prognostic value of the predischarge
12-Jead electrocardiogram, which is not costly and is usually performed in
order to establish whether it provides additional informaztion beyond the
known eclinical information and tests.

Ag far as we know this is a uvnique study for the following reasons:
1. it includes a consecutive series of patients admitted to the same
coyomary care umit, which was sufficiently large to zllow a multivariate
analysis ©based on predischarge clinical and electrocardiographic
variables; 2. it focusses on relatively low risk patients since those with
conduction defects, ventricular hypertrophy énd atrial fibrillation were
excluded; 3. its electrocardiographic variables include among others the
QRS score by Selvester (8) which in the last few years has bdbecome very
popular for the assessment of the extent of myocardial damage and prog-
nosis. However, its prognostic value has not been compared in other
studies to that of other electrocardiographic or eclinical wvariables by
multivariate analysis. The only large study which addressed the relative
prognostic value of clinical and electrocardicgraphic variables in post-
infarction patients is that of the Coromary Drug Project (2). In this
study, which includes 2035 patients followed for three years, it was

concluded that S¥-depression of 1 mm or more of the 'ischemic' type was
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the most important independent risk predictor of all clinical and electro-
cardiographic findings studied, including, Q-waves, ventricular conduction
defects, atyial fibrillation and premature ventricular complexes.

In our study we confirm that many electrocardiographic wvariables are
predictive of survival {tables 2 and 3). The highest risk ratios for
mortalicy at 2.2 were obtained for ST segment-depression. These figures
are rather similar to those reported by the Coromary Drug Project (2).
However, in contrast to their findings we did not confirm the predictive
value of premature ventricular contractions and of ST-elevation. This
could be related to the different population in the two studies. In fact
the entry in the Coronary Drug Study was late (at least 3 months after the
most recent infarction), and included also patients with ventricular
conduction defects and atrial fibriliation. Also patients were followed
for a longer period, up to three years. In contrast, our study was based
on a consecutive series of patients evaluared at hospital discharge
without conduction abnormalities and atrial fibrillation and the follow-up
was for ome year. When we recall that for hospital survivors of myocardial
infarction, the mortality is highest in the first 3 to 6 months (1), it is
clear that the twe studies deal with 2 completely different populatien,
particularly since early mortality is excluded in the Corcnary Drug
Project. In table 4 some predischarge variables of the 474 patients in the
study group are compared to those of patients excluded £rom the study
because of ventricular conduction defects, hypertrophy or atrial fibril-
lation. These data clearly indicate that patients with normal QRS pattern
had much less extensive myocardial damage, consistent with a lower
mortality during follow-up. It also means, that for the electrocardiogram
to be helpful it must be dichotomized into either an electrocardiogram
without conduction disturbance or hyperthropy in a relatively low risk
group after myocardial infarction or when conduction defects are present
be considered to carry highly significant prognostiec information. The
QRS-score and, to a lesser extent, P terminal force in Vl and QTc¢ were
also predictive of mortality (table 2).

As QRS-score is directly related to the extent of myocardial damage
{8), it has been shown to have a fair correlation with left ventricular
ejection fraction. In the present series the correlation coefficient
between radionuclide ejection fraction and QRS-score was —0.53 (SEE 11%)
in 417 patients. The correlation coefficient was similar (r=-0.57, SEE

11%) when the analysis was limited to 296 patients with a first myocardial
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infarction. These data are very close to previous findings by our group in
a smaller population (6).

? terminal force measured from precordial lead vy has been shown by
others to correlate to left atrium overload (9). Siltanen et al (7)
recently described that P terminal force was the strongest independent
predictor of mortality from predischarge electrocardiogram in 457 post-
infarction patients, followed by ST-segment zbnormalities.

Howewver, these authors did not measure the Selvester QRS score. Their
population was also different. In fact they did not exclude patients with
ventricular conduction abnormalities or ventricular hypertrophy. In our
study these patients had a greater P terminal force in Vl’ indicating a
more severe left ventricular dysfunction. Accordingly, these patients had
also more frequently clinical signs of heart failure and a lower ejection
fraction (table 4}.

Mortality was higher in patients with prolonged QTc: Schwartz et al
(4) found in 55 patients with a recent infaretion that the £finding of
prolonged QTc (>440 msec) during serial electrocardiographic measurements
constituted a 2.1 greater risk of sudden death, during a seven year
follow—up. More recently, Ahnve et al (5) confirmed that z prolonged QTc
is predictive of mortality in post-infarct patients. By using a cut-off of
440 msec, they found that QTc yielded a semsitivity of 77% and a specifi-
city of 84%Z, limited to patients not orn medical therapy., which might
influence the QTc interval.

In contrast to QRS score and P terminal force in Vl, which are
related to pathophysioclogical phenomena such as the exteat of myocardial
damage and left atrium overload, ST~depression and QTc interval are
diffjecult to imterpret. In our study both were predictive of mortality.
However the clinically prescribed medication was not discontinued. It is
well known that medication is one of the many factors which affect both
variables (5,11) .

When multivariate analysis was applied to the different electro-
cardiographic variables, ST-segment depression, QT¢ and QRS score were
independent predictors of mortality (table 3). Of the clinical data the
independent prognostic variables were persistent heart failure, a history
of previous myocardial infarction, cardiomegaly from X-rays, the use of
digitalis and antiarrhytbmics at discharge. These variables zll relate

directly or indirectly to poor veatricular function, which is the stron-—
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TABLE 4. Differences of selected baseline characteristics between patients
in the study group and those excluded from the study.

number of patients

age, years, mean(SD)
previous AMI, n(?%)

lare heart failure, n(%)
CTR >50%, n(%)

EF, %, mean(SD)

Electrocardiographic variables

PVCs, n(%)

PTIT mm msec, mean{SD}

Follow up
one year mortality, n(X%)

Abbreviations; AMI= acute myocardial infarction;

study group

474
57
146
66
100
&7

22
20

45

(11)

(30)

{14)
(21
(14

(5)
(15)

(9}

CIR=

excluded p=value
84 -
61 (10) 0.002
26 (33) ns
27 (33 0.0005
35 (44) 0.0005
37 (A7) 0.0003
6 (8) ns
26 (18) 0.00G35
23 (27) 0.001
caxdie thoracie

ratio; EF= left ventricular ejection fraction; PVCs= premature ventricular

complexes; PTIF~ terminal force of P=-wave in Vl.
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gest prognostic factor. Therefore, several clinical and electrocardio-
graphic variables provided useful prognostic information, however when
multivariate analysis was applied to the combination of clinjcal apd
electrocardiographic variables, electrocardiographic wvariables were not
strong enough to improve the prognostic information of the clinical data.
It is cencluded that, predischarge electrocardiogram per se provides
important prognostic dinformatrion for post—-infarction patients without
conduction abnormalities, ventricular hypertrophy or atrial fibrillation,
in whom c¢linical prescribed medication is not discontinued. From these
electrocardiographic wvariables, persistent ST-segment depression, the
Selevester QRS-score (8) and QTc are the independent predictors of sur-
vival. However, electrocardiographic variables by themselves are not
sufficiently powerful to improve risk assessment when added to other

informarion routinely collected during hospital stay.
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The extent to which patients with low peak serum creatine kingse (CK) at their first myocardial infarction
differ from patients with high CK levels in terms of risk for subsequent ischaemic events was investigated
in 266 patients who survived the first 48 h from the onset of infarction. All patients were followed up for
one year, Four groups were formed based on peak CK<200, 201-400, 401-800 and >800 IU I™*. During
Sollow-up the incidence of mortality was 15% (N=239)}, non-fatal re-infarction 9% (N=23), and angina
53% (N=140). Hospital mortality was significantly higher ( P<0-02) in the highest CK-group (16% }, but
the incidence of non-fatal re-infarction, angina pectoris and late mortality was similar in the four groups.
In hospital survivers, ischaemic ST-changes during pre-discharge symptom limited bicycle stress test and
multiple vessel disease were equally distributed in all four groups.

We conclude that while hospital mortality is divectly related to peak CK, there is no relationship between
peak CK and late mortality, non-faral re-infarctions, or recurrent angina. Accordingly, diagnostic and
therapeutic procedures in the individual patients are not influenced by the amount of serum CK released

during acute infarction.

Introduction

Serial measurements of serum creatine kinase
(CK) in the first few days after acute myocardial
infarction is a routine procedure for proving the
existence of infarction and is also used to estimate
the extent of myocardial damage]. It has been
reported that this simple measurement 2lso pro-
vides prognostic information since patients with
high peak serum CK were found to have higher
early mortality™. However, it is uncertain to
what extent patients with low peak CK levels a1
their first infarction differ from those with high CK
levels in terms of their risk for other ischaemic
events, such as angina and recurrent infarction.

Small myocardial infarctions are more often
‘non Q-wave” infarctions and some investigators
have reported that these patients carry a worse
prognosis than patients with Q-wave infarctions™,
If this could be confirmed from enzyme studies,
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a more aggressive diagnostic and therapeutic
approach would be justified in these patients.
However, other authors have not found any clim-
cal differences berween the two forms of infarction
and have also failed to demonstrate that the
concept of Q-wave versus non Q-wave infarction
implies a pathologic distinction™.,

To clarify the significance of the enzyme levels,
we studied 266 consecutive patients with a first
acute myocardial infarction and subdivided them
into four subgroups with increasing peak serum
CK levels. They were followed during the acute
phase and during the year after recovery from the
infarction.

The aims of this study were to determine the
relation between peak serum CK and other clinical
information reflecting infarct size, and to deter-
mine whether patients with a low peak serum CK
have a different incidence of ischaemic events than
those with larger infarctions, based on peak serum
CK levels.

Patients and methods
The records of 361 conse
& 1985 The European !
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admitted to the coronary care unit of the Thorax-

center with a proven diagnosis of acute first

myocardial infazretion between 1 March 1981

and 31 December 1982 were considered for the

study. The diagnosis of myocardial infarction was
made in presence of at least 2 of the following
critenia;

1. prolonged chest pain of at least 45 min;

2. dynamic electrocardiographic changes defined,
in case of transmural infarctions, as evolving
QR-complexes, Q-waves >0-04s or R>S in
V,-V, with $T-T wave changes, or in case
of non-transmural infarction, as ST- andfor
T-wave changes persisting for at least 24 h with-
out loss of R-wave voltage or new Q-waves. Site
of infarction was defined as undetermined in
case of complete left bundle branch block:

. a typical rise and fall of totai serum CK with a
peak level >100TU 17! {twice the upper lirnit of
the normal range).

Patients were graded in 4 groups according to
peak CK<2001U17" (N=71, median 123, range
90-200), 201-4001U1"! (N=49, median 290,
range 220-400), 401-800IU 17" (N =84, median
583, range 403-795) and >800IUI™' (N=62,
median 1373, range 814-2994). Serial serum CK
was sampled every 6h during the first day of
admission and thereafter once a day for seven
days. The CK was measured both in our center and
in the referring hospital with the same method!™l.
The precision of the method is monitored by fre-
quent analysis of commercially available coatrol
serum. Coefficients of variation in these lyophilized
materials are in our laboratory 7-10%. When
repeated analysis of fresh human serum is con-
sidered, variation coefficients are 3-6%.

Twenty three patients with a first myocardial
infarction who died within 2 days from the onset of
symptoms were excluded as the peak level of CK
was possibly not reached. We also excluded from
the study 19 patients admitted longer than two
days from the beginning of symptoms and fifty
three patients treated with intracoronary strepto-
kinase, as part of an ongoing randomized clinical
trial’®), since the treatment with streptokinase is
known to modify the patterns of enzyme release.
The treatment during hospital stay followed the
guidelines recently described”. The dara base
therefore consisted of 266 patients.

At hospital discharge 188 patients were evalu-
ated with a symptom limited bicycle stress est and
217 underwent a radionuclide ventriculography at
rest™l. Stress testing was not performed in 58 hos-

L
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pital survivors: in 14 because of recurrent angina.
in 14 for persistent heart failure and in 30 for other
limiting diseases or general disability. Eighty four
patients underwent a coronary arteriography,
elective in 58% of cases and in the others as part
of a study protocol. After discharge patients were
followed at the outpatient clinic. One year follow-
up was complete. Mortality, recurrent infarction,
persistent heart failure and typical angina pectoris
were the end-points of the study.

Differences among groups of patients were
assessed with analysis of variance for the contin-
wous variables and witk the Cochran modification
of the chi square test for trend assessment of dis-
crete variables.

Results

CK LEVELS, BASELINE CLINICAL DATA AND PRE-
DISCHARGE EVALUATION {TABLES 1 AND 2)

Patients with a large infarction (CK > 800) were
slightly younger than those in the smaller infarc-
tion groups. but age was similar in the other
groups. Sex and history of angina pectoris were
evenly distributed. The percentage of patients
referred from other hospitals for complications
was 23% on average. being highest in patients with
the largest infarcts (40%). As expected, the preva-
lence of non-transmural infarction was highest in
the lowest CK-group {62%), while in the highest
CK-group there was a prevalence of anterior
infarctions (65%). Left ventricular ejection frac-
tion progressively declined In the four CK-groups,
and was on average 57, 56, 47 and 37%.

Stress testing could be performed in a2 similar
fraction of each group—in 76% of patients on
average. The maximal workload and the preva-
lence of ST-segrnent depression were equally dis-
tributed. Patients with the highest CK level had
the lowest incidence of angina pectoris, but had the
highest incidence of $T-segment elevation, the
highest maximal heart rate and the lowest
merement of systolic blood pressure, all indicators
of impaired left ventricular function.

Coronary arteriograpky was performed in 37%
of patients on average, and showed an even dis-
wibution of patients with multiple vessel disease in
the four groups.

CLENICAL COURSE (TABLES 3 AND 4)

The incidence of mortality and severe heart
failure during the hospital phase was significantly
higher in patients with the highest peak CK-levels.
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Table ! Historical and clinical data in groups with different peak serum CK levels

Peak CK (fU17 ) <200 201-400 401-80¢ > 800 P value
Number of patients 71 49 84 62
Age (yrs: mean 4 SD) 60411 57+12  60+11 53411 0-01
Males {%) 76 71 76 77 NS
Previous angina (%) 38 35 25 3n NS
Referred from other hospitals, {%4) 14 18 1% 40 0-01
Site of infarction
anterior (%) 15 16 32 65 0-0001
nferior {%) 22 49 56 M 0-0001
non-transmural (%) 62 35 10 2 0-0001
unknown (%) 0 0 2 0 e
Peak g-HBDH {IU1™Y) 190496 360+173 5984254 10484430  0-0001

(N=6%) (N=47) (N=T8) N=56)

If not specified, data are expressed by mean +SD.

Table 2 Pre-discharge evaiuation by radionuclide ventriculography. stress testing and coronary
arteriography

Peak CK (JU1™ ) <200 201-409 401-500 >3500 Pvalue
Ventriculograpy
performed (%) 76 88 80 85 NS
LVEF (%) 57T+11 56411 47+16 3717 0:001
Stress testing
performed (%) ] 75 62 84 NS
max. workload (W} 119138 12143 112433 109428 NS
max. HR (5pm) 124425 133+£22 132421 141421 0-001
SAP rise (mmFig) 47425 45424 4727 3422 idir]
ST-depression (%) 40 52 43 25 NS
ST-elevation (%4) 16 37 43 65 00001
angina (%) 28 40 19 3 0-002
Coronary angiography
performed (%) 28 20 35 43 0:005
F2¥D (%) §5 80 72 64 NS

Abbreviations: LYEF =left ventricular gjection fraction; HR = heart rate; SAP = systolic arterial
pressure. ST-depression and -elevation 3 | mm. If not specified, data are expressed as mean+ 1 8D,

Table 3 Hespital clinical course

Peak CK (JU 17y <200 201400 491-800 800 Pvaluc
Mortality N 1 2 7 10

Y% 1 4 8 i6 0-02
Non-fatal re-infarctions N 6 0 5 0

Y% 3 ] 6 0 NS
Angina N 13 11 16 10

Y% 25 2 1% 16 NS
Killip elass III-TV N 2 2 9 17

% 3 3 11 27 0-0005
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Table 4

survivors

Clinical course after hospital discharge during one year follow-up in 246 hospiral

Peak CK (IUL™Y) <200

201-400 401-800

Number of patients T a7
Mortality N 4 4
% 6 3
Non-fatal re-infarctions N 3 0
% 4 ]
Angina N 25 i7
Y 36 36
Heart failure N 2 2
Y 3 4
CABG/PTCA N 5/1 3/0
Yo 9 [

w bt -~

pESBwwd

£
-

>80  Pvaluc
52
4
8 NS
s
i3 NS
i3
29 NS
17
33 0:0001
0/1
2 NS

CAB( - coronary artery bypass grafting; PTCA — percutaneous transluminal

coronary angioplasty.

Table 5 Treatment at hospital discharge

Peak CX (IUI™Y) <200 201-400 401-800 >800 Pvalue
Number of patients 70 47 77 52
Beta blockers N 45 27 3l 10

Y 64 57 40 19 0-0005
Nitrates N 25 15 21 23

Yo 36 32 27 44 NS
Calcium blockers N 21 12 15 [

% 30 26 19 46 NS
Digitahis N i0 5 20 24

% 14 11 26 46 0-0005
Diuretics N 19 10 30 30

% 27 21 39 58 0-005
Anticoagulants N 5 2 16 23

% 7 4 21 31 0-0005
Antiarrhythmics N H 3 7 2

% 1 6 9 4 NS
No medication N 10 9 11 3

% 14 19 14 6 NS
CABG/PTICA N 713 I/1 32 2/0

% 17 4 & 4 NS
In contrast non-fatal re-infarctions and angina Discussion

pectoris were similar in all groups. After hospital
discharge, the follow-up data showed no differ-
ences in mortality, re-infarctions or angina pectoris
during the first year. However. patients with the
highest CK levels had the greatest incidence of per-
sistent heart failure. which occurred in 33% of
cases.
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Infarct size is well established as an important
determinant of longterm outcome in patients who
survive a first myocardial infarction-3%1% Peak
serum CK 1s a simple measurement related to the
extent of myocardial damage, which is routinely
carried out in most coronary care units*.
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Peak serum CK is 2 less accurate method to
estimate the extension of myocardial necrosis than
the calculation of total CK releasel]. However.
total CK release is not practical for routine
work and certainly more expensive. Furthermore,
Thomson et al1?. found a fair correlation between
the two methods.

We found that peak serum CK is inversely
related to left ventricular function as detected by
clinical variables, pre-discharge radionuclide ven-
triculography, and stress testing. Left ventricular
ejection fraction at discharge was inversely cor-
related with peak CK. The extent of blood pressure
rise during the bicycle ergometry test, an index of
left ventrcular function®®, was lowest in the
highest CK-group. Also the incidence of ST-eleva-
tion during ergometry, an index of left ventricular
dyskinesia, was highest in the highest CK-group.
Therefore we confirm that peak CK, despite its
limitations™, is for practical purposes a reliable
indicator of residual left ventricular function
and early prognosis after acute first myocardial
infarction.

Qther serum enzymes like CK-MB or o-HBDH
have been reported to provide more specific infor-
mation on the amount of myocardial necrosis
than total serum CK!'Y.. In the present study totat
CK was utilized since it was determined 2lso in
all refermng hospitals. Furthermore, peak CK
paralleled peak ¢-HBDH (Table 1), and therefore
the use of total CK should not have invalidated
our findings.

Hospital mortality and the incidence of advanced
heart failure during the early phase was signifi-
cantly higher in the highest CK-group (Table 3).
In contrast. mortality after discharge during the

first year follow-up was independent of peak CK,
ranging from 5 to §% in the four groups (Table 4).
This is in partial agreement with the results of
Thomson e af?l. who found that peak CK was
more closely related to immediate than to late
mortality. These investigators also found that the
mode of death during follow-up was related to
infarct size: patients with high peak CK died
mostly from progressive heart failure while death
was more often sudden in patients with 2 smaller
infarction. In our series we could not confirm this
last observation, since most of our patients who
survived during follow-up died suddenly; however
the incidence of heart failure was highest (25%) in
the highest CK-group.

Another important issue is the relative incidence

of angina pectoris and/or non-fatal re-infarctions

since it is uncertain whether their incidence is
higher in patients with small infarctions, which
would justify more aggressive management of
these patients. Our results indicate that the
incidence of angina and re-infarction is not related
to peak CK either during the acute phase or during
late follow-up (Tables 3 and 4). This is consistent
with the similar frequency of ischemic electro-
cardiographic changes during stress testing and

- that of mulriple vessel disease in the different

CK-groups (Table 2).

Our results could have been biased by the many
patients referred to us from peripheral hospitals
because of complications, This would overestimate
the severity of the disease compared to an unselec-
ted population. In fact, the prevalence of patients
with multiple vessel disease in our series was higher
than that described by Abraham et &/, in & conse-
cutive series of unselected patients with a first
myocardial infarction who underwent coronary
arteriography!*?, This difference could also be due
1o the selection for coronary arteriography, mostly
elective in our series.

The follow-up results could have been influenced
by the treatment applied to the different CK-
groups (Table 5). In particular, coronary artery
bypass surgery and coronary angioplasty for the
treatment of postinfarction angina were more
frequently applied in the group of patients with a
small CK rise. However, a recent study of our
group!' ], partially based on the population of the
present study, showed that coronary artery bypass
surgery early after myocardial infarction did not
influence survival or re-infarctions compared to a
matched group treated medically.

As expected, at the other end of the spectrum,
patients with the largest infarctions (CK>
800IU~") were more frequently treated with
digitalis, diuretics and anticoagulants and less
frequently with beta blockers. because of the
higher incidence of heart fajlure, However, most of
these differences disappeared by excluding from
the comparison the group with CK greater than
800 IU~!. It is therefore unlikely that treatment
different influence on the clinical outcome in those
patients with a small or intermediate CK rise.

In summary, we confirm that in patients with
first myocardial infarction, residual left ventricular
function is inversely correlated with peak serum
CK. Accordingly, patients with highest CK levels
have the highest incidence of hospital mortality
and heart failure. On the coronary, late mortality,
nop-fatal re-infarctions and angina were not
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related 1o peak CK levels. Therefore. in patients
with a first myocardial infarction, the diagnostic
procedures and therapeutic policy should not
be influenced by peak serum CK. In particular,
patients with a smali enzyme rise. do not require a
more aggressive approach. unless indicated by
persistent symptoms. Qur results also indicate
that when interventions are planned during the
acute phase of infarction to salvage myocardium,
beneficial effects on survival can be expected dur-
ing the early phase. but not during the subsequent
year.

We thank Dr M. J. B. M. van den Brand and Dr P. W,
Serruys who performed coronary angiography. coronary
angioplasty and thrombolysis in most patients reported
here, Dr R. J. Bos for his work in the out-patient clinic, H.
Wolf and H. J. ten Katen who assisted in the establishment
of the data baxk used in this study. and Nella Speelman for
the seeretarial work.
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Qorsproakelijke stukken

Prognose van het ongecompliceerde eerste hartinfarct bif patiznten jonger dan

60 jaar: reden tot haricatheterisatie?

J.W.DECKERS. P.FIORETTI, R.W.BROWER, J.A.J.M.BEELEN, T,BAARDMAN EN M,L.SIMOONS

INLEIDING
Onlangs beschreven Veenbrink et al. in dit tijdschrift
de bevindingen bij coromairangiografie en in-
spanningselektrocardiografie na een ¢erste myocard-
infarct.,! Bij 8o patiénten zonder ernstige angma
pectoris of decompensatio cordis, met een gemiddel-
de leeftijd van 48 jaar. vonden zij correlatie tussen
daling van het ST-segment tijdens inspanning en ¢en
zogenaamde high risk-coronaria-aandoening. Hun
conclusie luidde dat corenairangiografie beperkt zou
kunnen blijven tot patiénten bij wie het inspannings-
onderzoek na het eerste infarct in deze zin positief
uitvait.! Het artikel bevarte evenwel geen gegevens
over de prognose van de onderzochte populatie.
Onlangs hebben wij bij 338 niei-geselecteerde
patiénten di¢ een infarct hadden doorgemazkt, de
prognostische waarde nagegaan van het voor ontslag

verrichte inspanningsonderzoek.® Daarbij bleek dat-

niet de 8T-segmentdaling, maar de linker-kamerfunc-
tie bij inspanning van prognostisch belang was. Om
deze reden hebben we de prognose onderzocht van
alie patiénten jonger dan 60 jaar, die in een periode
van 22 maanden in ons centrum werden opgenomen
wegens hun eerste ongecompliceerde infarct. De duur
van het na-onderzoek bedroeg cen jaar.

PATIENTEN EN METHODEN
Tussen 1 maart 1981 en 31 december 1982 werden 529
achtereenvolgende patiénten opgenomen wegens een
myocardinfarct. De diagnose werd op de gebruikelij-
ke wijze gesteld met behulp van anamnese. typische
ECG-veranderingen en enzymbeloop, Op grond van
het ontbreken van de kenmerkende Q-polven in het
eerste ECG van een gedocumenteerd infarct in bet
verleden kon bij 418 patiénten worden vastgesteld
dat het een eerste infarct betrof. Van hen overleden 48
in het ziekenhuis. Van de 370 overlevende patiéaten
waren 213 jonger dan 60 jaar. Bij g4 hunner werd het
herstel gecompliceerd door decompensatio cordss,
angina pectoris dan wel door late, klinisch manifeste
ritmestoornissen. Bij de overige 119 patiénten, jonger
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SAMENVATTING

In dit artkel wordt een onderzoek beschreven naar de
prognose in het ¢erste jaar nz ontslag wit het ziekenhuis
wegens ecn ongecompliceerd verlopen eerste hartinfaret
van 119 achtereenvolgende patiéaten jonger dan 6o jaar.
Slechts één pati¢nt overleed plotseling binnen een jaar: bij
10 patienten ontstond een recidiefinfarct. De dag voor
ontslag werd door 110 patiénten een inspanningstest ver-
richt. Er bleek verband te bestaan tussen het véérkomen
van angjna pectoris en $T-segmentdaling tifdens het inspan-
ningsonderzock en het optreden van angina pectoris in de
periode van na-onderzeek. Bij de helft van de patiénten
ontstond bij de inspanningstest een ST-segmentdaling van
ten minste 0,7 mV. Inspanningsvariabelen bleken echter
peen waarde te hebben voor de voorspelling van ecn
recidiefinfarct. Geconcludeerd wordt dat $T-segmentdaling
tijdens inspanningsonderzoek in deze groep pati€nten geen
indicatie is voor coronairangiografie,

dan 60 jaar met een eerste infarcet, verliep het herstel
van het infarct ongecompliceerd. Deze groep bestond
uit 98 mannen en 21 vrouwen, in leeftijd vanérend van
22 tot 59 jaar, gemiddeld 49 jaar, Van hen hadden 37
een voorwandinfarct, 54 een onderwandinfarct en 28
een niet-transmuraal infarct.

Aan het einde van de ziekenhuisopname vond bij 54
patiénten hartcatheterisatie plaats. Dit onderzoek
gebeurde bij 39 patiénten ia verband met een geran-
domiscerd onderzoek naar het cffect van de toedie-
ning van streptokinase en bij 15 pati€nten om electie-
ve redenen.® Een diametervernauwing van meer dan
50% in ¢cen of meer coronajrarterién werd als signifi-
cant beschouwd.

De dag voor ontslag, gemiddeld 9 dagen na het
infaret, verrichtten 1ro patiénten een inspannings-
proef op de fietsergometer, waarbij de belasting met
10 watt per minuut werd opgevoerd. Bij geen van de
patiénten ontstonden ritmestoornissen, repolarisa-
tiestoornissen of veranderingen in de bloeddruk, die
noodzaakten tot beéindigen van het onderzoek. Het
ECG werd met het afleidingsysteem van Frank voort-
durend geregistteerd en door een computer geanaly-
scerd.* De bloeddruk werd om de munuut met een
manchet gemeten. De voorgeschreven medicatie
werd op de dag van het inspanningsonderzoek gecon-
tinveerd. Wepens niet-cardiale contra-indicaties of
om organisatorische redemen konden ¢ patiénten,
onder wie 4 gecatheteriseerde patiénten, het inspan-
ningsonderzoek miet ondergaan. Na onatsiag uit het
ziekenhuis bezochten de patiénten regelmatig de
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TABEL 1. R p na ongecompliceerd verlo-

pen cerste infarer

alle patiénter  0-f-taksafw.  2-3-taksafw.
in = 118) n = 40) fn=10)
AL verschijriselen
angina pectors (52) 16 (15) 6 {15) 220y
ventriculaire ritmestcor-
nissen (52) {19 7 (17 1 (10)
B, onderzoeksbevindingen
behaalde max. belasting
{%:; 3D} 81 {15) 78 {13} T8 (13)
0,1 mV ST-daling (%; SD) 40 (36) 15 (37) S {50)
0.2 mV $T-daling (%o: SD) 13 (1) 4 (10 1(10
0.1 mV ST-sijging (%0: SD)y 30 (27) 12 (30) 300
0.2 mV ST-stijging (51 SDY 17 (15) 70N -
max. bartfreq. (sl/min: D) 136 (23) 141 {24y 129 (25)
max. syst. blocddruk
(mmHg: SD) 170 (27) 164 (24) 163 (27)
toename syst. blocddruk
{mmig; SD) 45 (22) 45 (18) 36 (29

polikliniek. Van alle patiénten waren de gegevens
over een periode van een jaar na opname beschik-
baar,

Bij de statistische bewerking werd de umvariante
analyse met Students t-toets voor continue varizbeien
en met Fishers exacte togts voor de discrete variabelen
toegepast. Een p-waarde < 0,05 werd beschouwd als
significant.

RESULTATEN

Slechts één patiént overleed in het eerste jaar na het
infaret, terwijl bij 10 pati€nten een recidiefinfarct
optrad. Angineuze kiachten ontstonden bij 39 patién-
ten in de periode van na-onderzoek. In verband met
de ernst van deze kiachten werd bij 5 patiénten een
bypass-operatie {CABG) uitgevoerd en bij 2 een
percutane transluminale coromaire angioplastiek
(PTCA).

Geen van de 54 patiénten bij wie hartcatheterisatie
en coronairangiografie werd verricht aan het emnde
van de ziekenhuisopname, had cen belangrijke ver-
nauwing van de hoofdstam; 42 patiénten hadden een
één-taksafwijking en 12 een twee- of drie-taksafwij-
king.

De bevindingen van het inspanningsonderzoek bij
110 patiénien zijn weergegeven in tabel I. De inspan-
ningsgegevens van de gecatheteriseerde patiénten
waren vergelijkbaar met die van de niet-gecatheteri-
seerde patiénten. De gemiddelde behaalde belasting

bedroeg ongeveer 80% van de voor de leeftijd en
lengte vastgestelde norm. Bij 16 pauénten ontstond
tijdens de test angina pectoris en bij 53 een ST-
segmentdaling van ten minste 0,1 mV.

In de gecatheteriscerde groep waren geen signifi-
cante verschillen in behaalde belasting, mate van
ST-segmentafwijking. maximale hartfrequentie en
systolische bloeddruk tussen patiénten met 2- of
3-taksafwijkingen vergeleken met patiénten met
afwijkingen in één tak van de coronairarterién (zie
tabel 1). Tabel 2 geeft ket verband weer tussen het
optreder van angina pectoris en ST-segmentdaling
tijdens het inspanningsonderzoek bij ontslag en het
klinische beloop in de periode van na-onderzoek.
Geen van beide kenrmerken bleek van waarde voor
het voorspellen van een recidiefinfarct; wel bestond er
verband tussen angina pectons en ST-segmentdaling
tijdens de test en het Jater optreden van angineuze
klachten.

BESCHOUWING
Onze resultaten laten zien dat de éénjaarssterfie van
jonge overlevenden na een ongecompliceerd verlopen
eerste infarct bijzonder laag is. Van de 119 patiénten
overleed slechts één in fet eerste jaar na ontslag. Deze
lage éénjaarssterfte bij patiénten jonger dan 6¢ jaar
wordt ook door anderen gevonden: zo vermeldden
Abraham et al. een éénjaarssterfte van 3% bij 197
niet-geselecteerde patiénten die een eerste infarct
overleefden.” Deze bevinding is niet zo verrassend,
indien men bedenkt dat patiénten met klinische
tekenen van decompensatio cordis van ons onderzoek
werden uitgesloten.® Deze selectie verklaart ook het
gennge aantal pati€énten met ernstige coronairaan-
doeningen.® In een poging om onze onderzoeksgroep
zoveel mogelijk vergelijkbaar te maken met die van
Veenbrink et al, werden de patiénten dic angineuze
klachten in het ziekenhuis hadden, uitgesioten. Niet-
temin kregen 16 patiénten nieuwe angineuze klachten
tijdens het inspanningsonderzoek en in de periode van
na-onderzoek was er sprake van angina pectoris bij 39
patiénten. Veenbrink et al. namen bij 2o van de 8o
patiénten angina pectoris waar, 2 tor 4 maanden na het
nfarct,’ zodat ook in dit opzicht de patiéntengroepen
goed overeenstemmen.

Wij hebben bij het inspanningsonderzoek bij onge-
veer de helft van de pati€énten een ST-segmentdaling

TABEL 2. Voorspellende wanrde van angina pectoris en 51- ling tijdens ir ingsonderzock
Kinisch belpop in periode inspanningsondericek
van na-onderzoek
angina pectoris ST-scgmentdaling enging en $T-segmenidaling

(@ant. patiéntern)

faant. paténren) faant. pariénten)

+ - + - + -
m=16) =% p m=33 (=57 p fm= 12 (n=58 P

overlijden 0 1(1} NS ] 1{H) NS 0 1(1) N§
recidielinfarct (%) 308 5 (5} NS 3 {6) 5010 NS 0 8 (3) NS
angina pectors (%) 11 (69) 5(27) 0,003 23 (38) 13(2%) 0.04 9(75) 27 28) 0.004
CABG of PTCA (%) 3019 3(3) 0,08 4{8) 2(3) NS 328 3y 0.03
geen complicaties (%) 5031 65 (69) 0.01 29 (55) 41 (72 NS 39 67 (48] o.01

Ned Tijdschr Geneeskd 1686: 130, nr 5 207

70



van ten rainste ¢.1 mV kunnen vaststellen: dit getal is
ook door anderen gevonden.™ Veenbrink et al.
namen ¢en significante ST-segmentdaling waar bij
22% van hun patiénten: deze lagere incidentic wordt
wellicht verklaard door een andere interpretatie van
ECG-afwijkingen in de oude infarctgebieden, alsook
door het latere tijdstip waarop de inspanningsproef
werd uitgevoerd. De door Veenbrink et al. gevonden
correlatic tussen de coronairangiografische en elek-
trocardiografische bevindingen was in ons oaderzock
minder dwidelifk. Het is echter de vraag of deze
verschillen van zoveel belang zijn. De prognostische
waarde van ST-segmentdaling tijdens inspanning na
een doorgemaakt mfarct wordt immers door velen
betwiifeld. Hoewel Theroux et al. destijds verband
hebben gevenden tussen $T-segmentdaling en pro-
gnose,” 1s dit door latere onderzockers niet beves-
tigd.s7¥1%12 Bij eerder eigen onderzoek naar de
prognostische waarde van de inspanmngstest bij 338
ongeselecteerde overlevenden van een myocardin-
farct bleck de éénjaarsprognose het beste gecorre-
leerd te zijn aan de toename van de systolische
bloeddruk tijdens de test.” Andere onderzoekers zijn
cveneens van meping dat de uvitkomsten van het
inspanningsonderzoek die de mechanische functie van
de linker kamer weergeven, de grootste prognostische
betekenis hebben. Geringe inspanningstolerantic ¢n
lage maximale waarde van de systolische bloeddruk
tijdens inspanning correleren volgens recente onder-
Zoeken het beste met de sterfte na het infarct.”#10-2
Hier dringt zich de vergelijking op met de angiogra-
fische gegevens: ook daar is de functie van de hinker
kamer. behalve bij patiénten met een aandoening van
de hootdstam, prognostisch van groter belang dan de
ernst van de anatomische afwijkingen in de coronair-
arterién.?

Gezien de zeer lage éénjaarssterfie na een onge-
compliceerd myocardinfarct, is het niet verrassend dat
de bijdrage die inspanningsonderzock kan leveren
aan de prognostische indeling van deze patiénten,
slechts gering is. Niettemin heeft het onderzoek ook in
deze groep zijn waarde: zo is, bij afwezigheid van
angina pectons njdens de test. de kans op cardiale
complicaties tijdens het na-onderzoek zeer genng.

Hoewel uit de sterftecijfers van ons onderzoek de
indruk zou kunnen ontstaan dat het doormaken van
een ongecompliceerd infarct op jonge leeftijd niet
zoveel betekenis heeft, mag niet uit het oog verloren
worden dat een recidiefinfarct de prognose op langere
termijn zeker nadelig zal beinvloeden. In ons onder-
zoek ontstond bij 10% van de patiénten een niet-
dodelijk recidiefinfarct binnen een jaar. Geen van de
inspanningsgegevens bleck van waarde voor de voor-
spelling van deze gebeurtenis: resultaten van andere
studies en eigen gegevens uit een andere populate
bevestigen deze slechte voorspelbaarheid ¢ 14

Tenslotte ' moet met enige nadruk vermeld worden
dat het niet duidelijk is welke waarde gehecht moet
worden aan het vinden van een zogenaamde high
risk-coronaria-aandoening bij paténten met geen of
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weinig klachten. Veenbrink et al. wezen hier reeds
op.t Er is inmiddels aangetoond dat een bypass-
operatie de prognose van deze patiénten niet verbe-
tert.!'* Hiermee vervalt de noodzazk om door middel
van niet-invasief onderzoek patiénten te selecteren
die ondanks de afwezigheid van klachten toch een
uitgebreide coronaria-aandoening hebben.

CONCLUSIE

De uitkomsten van dit onderzoek bevestigen het
goede éénjaarsoverlevingscijfer voor patiénten jon-
ger dan 6o jaar, die hun eerste infarct overleven en bij
wie geen recidiefinfarct, decompensatie, late ritme-
stoornissen of angina pectoris ontstaat in het zieken-
huts. Het verrichten van een inspanningstest v66r
ontslag heeft dus prognostisch niet veel waarde, maar
lijkt zinvol om andere redenen. De test kan het
zelfvertrouwen van de patiént doen toenemen, dan
wel angineuze klachten provoceren dic aanleiding
kunnen zijn tot medicamenteuze therapie of even-
tueel coronairangiografie; bovendien kan het resul-
taat van de test een richtlijn zijn voor latere revalida-
tie. Het optreden van uitsluitend ST-segmentdaling
tijdens de inspanning vormt echter geen reden tot
coronairangiografie over te gaan.

SUMMARY

Prognosis of the uncomplicated first myocardial infarction in
patients under 60: an indication for cardiac catheterization? —
A follow-up study of 119 consecutive patients younger than
60 years one year after their discharge followmg hospitali-
zation for an uncomplicated first myocardial infarction.
Only one patent was found to have died suddenly within
one year; 10 had had reinfarctions. 110 patients had been
subjected to effort ECG one day before discharge. A
correlation was observed between occurrence of angina
pectoris and ST segment depression during the effort test
and angina during the follow-up period. One-half of the
patients had shown at least 0.1 mV depression of the 5T
segment. The effort test results proved te be trrelevant for
prediction of reinfarction. however. It is concluded that
depression of the ST segment during effort testing in this
group of patients does not constitute an indication for
coronary angiography.
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Surgical versus non-surgical management of patients
soon after acute myocardial infarction
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sUMMAaRY Of 510 patients admitted to hospital with acute myocardial infarction, 34 had coronary
artery bypass grafting before discharge (643 days (median 20) after infarction). The patients who
were given grafts generally had a smaller infarction with less functional impairment than the 476
patients who were not. The outcome of coronary artery bypass grafting was investigated in a
retrospective matched pair study. Patients were matched on the basis of the presence of post-
infarction angina, left ventricular ejection fraction, location of the infarction, peak creatine kinase
activity, Killip clinical class, and severity of coronary disease with 34 patients who were given
medical treatment only. At one year follow up fewer of the operated patients had symproms than
did the marched non-operated patients. Survival at one year in the operated and non-operated
groups respectively was 949 os 91%,; angina within one year occurred in 3% os 689%; congestive
heart failure in 3%, vs 6%; and 0% wvs 329, were referred for later bypass grafting or coronary
angioplasty.

It is concluded that coronary artery bypass grafting can be performed safely soon after myo-
cardial infarction provided thart left ventricular function is not sericusly compromised. Such
treatment is more effective than medical treatment for relief of angina during the first year after

infarction.

Referral for coronary artery surgery early after acute
myocardial infarction presents a dilernma to the car-
diovascular team. It has long been maineained that
surgery at this stage carries substantal operative
risks; recent reports, however, suggest that such ¢s-
timates of operative mortality and complicadons
may be unduly pessimistic.! ~* DeWood eral and
Berg etal have reported that surgery can be safely
performed m the acute phase of infarction with ex-
cellent results.'* When pharmacologically uncon-
wolled angina indicates the Likelihood of further
deterioration, the indication for surgery is clear, es-
pecially since it may be possible to salvage the jeop-
ardised myocardium. The possibility that surgery
will improve long term survival or prevent rein-
farction in this group of patients, however, has not
been proven,

For the past few years we have referred patients

Requests for repring o Dr R W Brower, Erasmus University, PO
Box 1738, 3000 DR Rotterdam, the Netherlands.

Accepred for publicarion 22 July 1985

for coronary bypass surgery when recurrent angina
was refractory to phammacological treatment, in
some patients soon after acute myocardial infarcrion
and in others when anginz was induced by mild ex-
ertion and associated with severe coronary lesions, It
has been our impression that this could be done at
low risk and with good long texm resules.

We have compared results in a group of patients
operated on soon after infarction with results in all
other padents seem over the same period who re-
ceived only pharmacological treatment. We have
also compared them with a matched pair series of
patients at similar risk and with similar symproms
who were not operated on. Over a one year follow up
we compared mortality, reinfarction, late referral to
bypass surgery or coronary angioplasty, and recur-
rence of complaints.

The sole criterion for inclusion in the surgery
group was that the patient had isolated coronary ar-
tery bypass grafting socon after an acute infarction
and before hospital discharge. Most had angina pec-
toris at rest that was resistant to intensive medical
treatment. There are always exceptional cases, how-
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ever, generally those with angina during mild exer-
tion or advanced proximal lesions or both. In this
study we have chosen to include all cases referred to
surgery before hospital discharge after an acute
myocardial infarction.

Patients and methods

Myocardial infarction was diagnosed when at feast
two of the following were present: typical prolonged
chest pain lasting at least 45 minuzes; evolving QR
complexes or @ waves of more than 0-04s duration
with ST and T wave changes in the case of trans-
mwural infarction, or T wave inversion or ST depres-~
sion persisting for at least 24 hours without loss of
the R wave or development of new {Q waves in the
case of non-transmural infarcton; a typical rise and
f21} of total creatine kinase with a pesk acuvity
greater than 100 IU/] (rwice the upper limit for nor-
mal in our clinic).

From March 1981 to February 1983 there were
529 admissions Witk acute infarction. Hospital ixeat-
ment followed the guidelines described by Simoons
etal.’ Four cases were referred for surgery because
of raitral valve incompetence, ventricular septal de-
fect, or free wall ventricular ruprure, and fifteen
were eated by elective percutancous transhuminal
angioplasty before discharge. These nineteen pa-
dents were exciuded.

Of the remamming patients, 34 had coronary
surgery during the ademission for myocardial in-
farcdon and 476 did not. In 27 patients the indi-
~ation for operation was persistent angina pectoris at
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rest, refractory 10 medical treammenst including beta
blockers, calcium antagonists, and nitrates. Three of
these patients were in Killip class 13! or IV during
the acute phase of infarction. No patent was m
severe heart failure or cardiogenic shock at the time
of operation. The seven other patients did not have
persisting angina at rest; three of them had angina
during mild exertion and they were found to have
severe proximal lesions, and four had severe prox-
imal lesions in the infarct related artery after
attempred intracoronary thrombolysis with strep-
tokinase. Tabie 1 summarises the clinical data at en-
try 1o the tial. The coronary score® was 15-5(8-8)
(mean {SD)), three patients were classified as having
proximal three vessel disease, none had exclusively
distal vessel disease,

Seventy three (15%,) of the 476 patients who were
not referred 10 surgery aiso had post-infarction an-
gina, but they were not offered surgery for various
reasons: angina became responsive to medication;
there were contraindications to surgery because of
severe nom-cardiac disease; some refused surgery;
and in 3 few the coronary anatomy was Rot suitable.
Poor left ventricular function was not regarded as 2
contraindication 1o coronary bypass operation.

A subgroup of 34 non-operazed palients was
matched 1o the operated patients on the basis of age,
preseace of angina during the hospital stay, Killip
class, left ventricular ejection fraction (radionuclide
ventriculography) at discharge or before surgery, lo-
cation of the infarcton, peak serum creatine kinase
activity, and anatomical severiry of coronary artery
disezse (greater than 509, diameter stenosis, coded

Table 1 Key progmostic variables used 1o select matcked pairs from the larger serics of non-operated patients to match the
group of operated patients
Variable Operared Marcked non-operated p All nom-operated r
No, of cases 34 — 476 —
Age (years) 50-7 (6-1) 555 (8-9} 001 583 (11-6) NS
Post-infarcrion angina at rest 27 (79%,) 25 (74%,) NS 73(15%,) 0:0001
Ejection fraction 0-48 (0-14} 9-49 (C-11) NS 0-25 (0-16) *
(31 cases) (34 cases) (358 cases)

Laocation of MI: NS 0-025

Transmural anterior 9(26°,) 10 (29°,) 189 (40%,)

Transmural inferior 10(29°,) 9 (26%) 177 (379}

Non-transmural 15 (44°,) 15 (44°,) 102 (21%)

Undefinable{unkncws ¢ 0 8
Peak serum CX (IU/L) 420 (390) 420 (320} NS 610 (530} 0-05
Killip class: NS 0-025

I 25 (740} 25 (74%,) 278 (58°,)

I 6(18°,) 6(18%) 113 (24%,)

IlorIV 30%%) 3(9%) 85 (18%,)
Anatomical severity: NS : -

1 or 2 vessel discase 15 (44°,,) 18 (53%;) 111 {232,)

3 vessel o left main vessel cisense 19 (56%;,) 16 (479,) 43 (9%)

Unavailable Q 0 322 (58%,)

Data are reperted as ovenrs and percentage of cases o as mean [SD). Statstical compartsons: non-operaied vs operated: NS, difference

not significant at the 0-05 level.

*No staustical comparison because large numbers of entrics were missing.

MI, myoeardial infarction; CK, crearine kinase,
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as {q) onc or two vessel disease or (8) three vessel
disease or worse) (Table 1). Mean-(8D) coromary
score® was 12.5(6-5), one case was classified as hav-
ing proximal three vessel disease and five cases hav-
ing exclusively distal vessel disease.

Medication in the operated patients (at referral to
surgery) was compared with that in the non-
operazed matched pairs: betz blockers in 859, of
operated os 80%, non-operated, calcium antagonists
in 85%, vs 609%,, nitrates in 85%, vs 70%, digoxin in
189%, vs 15%,, and diuretics in 29% s 339%,. Treat-
mene at discharge for 2l 476 non-operated patients
included beta blockers in 449%,, calcium anragonists
in 199, nitrates in 339, digoxin in 259%,, and di-
uretics in 389, The median duration from onset of
the infarcton 1o operation was 20 days (range 6 1043
days); 979% were operated on within 35 days. For
those patients referred for operation, treatment with
anzlgesics and sedatives had already been stazted,
hence additional premedication was usually not re-
quired. Intravenous fentanyl 15 pg/kg was used for
induction of anaesthesia and Olmgkg pan-
curonium was given to facilitare intubation. Trear-
ment with intravenous glyceryl trinirraze ampd
inotropics was determined on the basis of arterial
pressure monitoring and in principle drug treatment
continued undi extracorporal circulaton was estab-
lished. The patient was ventilated with a servo-
ventilator with 2 mixture of oxygen and nitrous
oxide (40:60). Additonal intravenous fentanyl and
possibly pancuronium were given as required before
sternotomy and later during operaton.

Coronary axtery bypass grafting was performed
with moderate systemic hypothermiz {28°C) and
cardioplegic arrest in combination with topical cool-
ing by means of a saline solution (4°C). Cardioplegic
arrest was accomplished by use of at least 500 ml of
St Thomas’s solution (sodium chloride 91-6 mmol/l,
potassium chloride 14-8 mmol/l, magnesium sul-
phate 1-2 mmol/l, magnesium chloride 15 mmol/l,
potassium dihydrogen phosphate 1-2 mmol/l, cal-
cium chloride 1-2 mmolf], and hydrochloride pro-

Table 2 Clinical information before discharge from hospial

Brower, Fioretti, Simoons, Haalebos, Rulf, Hugenholrz

caine 1-0 mmo}/l). This was adoinistered through
the aortic root after cross clamping. If cross clamp-
ing lasted more than one hour after the inital in-
fusion, cardioplegia was repeated every 60 minutes
to maintain a Sat electrocardiogram.

A jump graft was constructed with a saphenous

vein graft to all coromary arteries which had stenosis
of 509, or more. One sequential vein graft was rou-
tinely used and all distal anastomoses were made
during cardioplegic arrest. The proximal anas-
tomosis was made after removing the cross clamp
during rewzrming. The average revascularisation
rate was 3-5 grafts per patient (6 cases with 5 grafts,
11 with 4, 10 with 3, and 7 wich 2). Sinus thythm
usually returned spontaneously. The left ventricle
was always vented by means of a left ventricular
drain.
Ventilation in the postoperative period was ¢om-
finued untl the patent awoke and was bae-
modynamically stable. Hyperiension was treated
with nitroprusside. The patient was extubated on
the same day 35 operation or the nexXt merning.

Results

Compared with the 476 non-operated cases, the 34
operated cases had a greater frequency of nom-
transmural nfarction, were more often i Kiilip
class I, and had lower mean peak serum creatine kin-
ase values, indicating less myocardial damage from
the acute infarction. The ejection fraction, however,
appeared 0 be similar in both groups, but it was not
koown in 61 of 70 (879%) of patents who died in
hospital compared with 60 of 444 (149%,) hospital
survivors. The mean(SD) ejecton fracton of
0-45{(0-16) for non-operared cases, because it is de-
rived from the group containing the larger fraction
of deaths, ray therefore overestimate the true gjec-
don fraction for this group. Finally, the in-hospitak
mortality rate was 3%, for operated cases vs 149, for
all 476 non-operated cases (Table 2). Al these

Variable Gperated Matchad non-operated p Al nor-operated ?
No. of cases 31 34 — 476 —_

=3 27 (79%) 29 (859%,) NS 377 (19%) N$
History of angina of more than 4 weeks 22 (659%) 11 (32°%,) 0-01 164 (34%) 0-0005
History of old MY 17 (50%, 17 (50%, NS 145 (30%) 0-02
Wedge pressure {(mm Fg) ar admissien 98 (6°1) 11-1 (¢5) NS 13-3 (6:6) 005
Cardiac index in CCLJ at admissicn 3111} 2:8(0-7) NS 2-6{(0-8) 0-05
Systemic artenial pressure 119 (20) 126 23) NS 121 (25) NS
Length of hospital stay 22(10) 18(15) NS 12 (10} 9-0001
Recurrent MI in hospiual 4(12%,) 3{9%) NS 24 (5%) ™S
Dearh in hospital 1(3%) 1(3%) NS 69 (149%,) 0-07

Data are reported as events and percentages of ¢ises or as mezn (SD). Statistczl comparisons: non-operated vs operated; NS, difference

not significant at the 0-05 level.
M1, myocardial infarcrion; CCU, coronary care unit.
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results indicate thar parients refesred for coronary
artery bypass grafts were generally in a better condi-
ton overall after their myocardial infarcdon than
were the non-operated patients. Therefore some
form of matching is required to obtain a meaningful
comparison between the operated and non-operated
patients.

The size of the infarction appeared to have a bear-
ing on the tming of operation; when peak serum
creatine actvity was <200 IU/l the median delay
from date of myocardial infarction to operation was
14 days compared with 26 days when creatne kinase
was =400 IU/L

One year survival in the operated cases was 949,
compared with 919% in mached non-operated cases
(Table 3). Two patients in the operated group died;
both had had post-infarction angina and were in
congestive heart failure in the acute phase of in-
farction. The first death, in a man aged 63, occurred
in the perioperative period and 7 days after the in-
farction. He had an inferior infarction with peak se-
rum creatine kinase activity of 530 YU/, ar: ejection
fraction of 0-37, and three vessel disease. Death was
caused by low cardiac output syndrome. All grafrs
were found to be thrombosed. The second death, in
a man aged 64, occurred 5 months after infarction
and was caused by congestive heart failure. e had
had an extensive inferior infarction with peak serum
creatine kinase acavity of 1595 IU/L

There were three deaths in the matched non-
operated group. The first occurred 26 days after in-
farction due to cardiac rupture in 2 60 year old man
(inferior infarction, peak serum creatne kinase ac-
tivity 400 IU/l, ejection fraction (41, three vessel
disease, and with congestive heart fajlure in the
acute phase). This patient did not have post-
infarction angina in the acutz phase bur the other
two did. The second death occurred at 70 days due
1o progressive cardiac failure in a 50 year old man
{anterior nfarcton, peak serum creatine kinase ac-
tivity 1360 IU/], ejection franction 0-18, three vessel
disease). The third death occurred at 67 days due to

Table 3 Follow up of parents after discharge from hospiral
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congestive heart failure in 2 67 year old man (ante-
rior infarcton, peak serum creatine kinase actviry
130 IU/I, ejection fraction (-24, history of previous
infarctions, three vessel disease).

Armong the survivors at one year {32 operated, 31
matched non-operated, and 356 non-operated cases)
there were several highly significant differences.
Cardiological events were infrequent in the operated
cases; only one patient had angina and another had
symptoms of congestive heart failure. Of the 356
survivors in the non-operated group, 143 reported
angina by one year (43%, of survivors), 57 had had
an episode of congestive heart failure (16% of sur-
vivors), and 30 were evenmaally referred to coronary
artery bypass graft surgery (8% of survivors). The
comparison of operated survivors with the matched
non-operated patients is even more striking. Of the
31 matched non-operated survivors, 23 (74%,) had
angina by one year (five with angina Killip class IV,
six with class II1, and rwelve with class IT) and 10
were referred for late coronary artery bypass surgery
{32%,). The frequency of recurrent infarction and
congestive heart failure, however, is similar to that
in the operated cases.

Since the indication for coronary artery bypass
grafting shortly after an acuze infarction is recurrent
angina resistant to medical treatment, it 1§ pertinent
to ask whether these cases differ in any other im-
porzant way from those without post-infarction: an-
gina. To avoid a selection bias, we considered only
those patients who survived the first 72 hours after
the acute event. Ninety eight patients presented with
such post-infarction angina (219, of 472 patients
surviving three days or more) (Table 4). There were
no significant differences in the distribution of age,
sex, or history of a previous infarction, although
cases wath recurrent angina do have z longer history
of angina before the acute event. Ventricular func-
ton is virtually idendcal in the two groups as is one
year survival. At discharge beta blockers, nitrates,
and calcium antagonists were more frequently being
given to patients with post-infarction angina.

Variablz Operated Matched nonwoperated p All non-operated F

Na, of cases 33 — 476 —
Decath after discharge 1(3%) 2 (6% NS 51(11%) N$
Swrvival at 1 year 32 (94%, 31(91% NS 356 (75%) 0-02
Recurrent M1 by 1 year 0(0%) Q0% NS 27 (6%, NS
Angina by | year 1 (3% 23 (68%) Q-0001 153 (329, 00001
CHF within 1 year 1¢3%,3 2(6%) NS 57(129%,) 0-05
CABG within 1 year 0(0%, 10 (29%) 0001 30 (6%,) NS
PTCA within 1 year 0(0%) 1(3%) NS 5(1%) N3

Data reported as events and percentage of cases. Smtistical comparisons: non-operated vs operared; NS, difference not significant az the

0-05 level.

MI, myocardial infaretion; CHF, congestive heart failure; CABG, coronary artery bypass graft surgery; PTCA, percutaneous

transluminal coronary angoplasty,
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Discussion

Earlier reports on the outcome of bypass operations
peformed soon after acute myocardial infarcdon
were not encouraging. In 1974 Dawson eral re-
ported a hospital mortality rate of 14-5%, n 145 pa-
tents operated on within two months of an acute
myocardial infarction and a rate of 389, in those
operated within one week.” At that time hospital
mortality for elective coronary artery bypass graft
surgery in patients without a recent myocardial in-
farction was 6:2%, at the same hospital, Because this
larter figure is considerably higher than that cur-
rently reported®® (less than 29, at most hospitals), it
is likely thar the surgical mortality for patents with
acute infarction has also fallen, and, indeed, recent
reports clearly demonstrate this fact. In 1985 Will-
tams et al reported 2 hospital mortality rate of 2%, in
patients operated on within 30 days of infarction,?
and Nunley er ! reported a 3%, operative mortality
rate in those operated on within two weeks of in-
farction; this was in a subgroup of 66 patents with
threatened extension of infarction.® In our series the
operative mortality is one case out of 34 (3%} while
the one year survival {942,) accords with the recent
reports mentioned above. The current operative
mortality rate at our institution for all aortocoronary
bypass surgery is 1-29%, with a 5 year survival of
93-59; .'0 While surgical moralicy after acute in-
farction has apparently improved greatly over the
past decade, it still fails somewhat short of the excel-
lent results of elective surgery.

It should be borne in mind that our results are
based on a retrospective study with all the kim-
itations inherent in such an approach, and despite
matching major differences remain between the two
groups—these are responsiveness to medical treat-
ment, unsuitable coronary anatomy for bypass
surgery, and impoztant non-cardiac disease. For ex-
ample, five patients in the non-operated group had
exclusively distal vessel disease whereas none of the
operated group did.

There has been 2 substantal improvement in sur-
gical technique and postoperative ¢are since the
early 1970s, and we agree with Nunley eral® that
current results do mutigate the concern about at-
tempting am early operation in patients with post-
infarction angina. Nevertheless, we should continue
to exercise caution. Because the current policy gen-
erally excludes patients with extensive ventricular
dysfunction, much of the risk of surgery has been
eliminated at the outset. This is borne out by the fact
that the two deaths in the operated group, one at 7
days and the other at 5 months, occurred in patients
with poor lefr ventricular function. Furthermore, it
has been our policy to select patients in whom the
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infarcrion is small or caused refatively little func-
tional impairment or both. Such patients would be
expected to have a better prognosis whether or not
they were operated on early, and this assumption is
supported by the results in the matched pair series.

We found no significant difference in survival be-
tween patients with or without post-infarction an-
gina (Table 4}, nor was there a significant difference
in survival between those operated on and the
matched non-operated patients. It is doubtful
whether operation would materially affect one year
survival in any event since it was carried out too late
to influence the primary infarct size itself.!!
DeWood ¢tal' and Berg eral® have reported that
operation a2t a sufficiently early stage of infarction
may limit infarct size and improve survival, al-
though this can not be taken as proven since their
patients formed 4 consecutive series without concur-
rent controls. The major benefit of surgery in our
Table 4 Comparison of paticnts withour and with
post-infarction angina who survived the first 72 hours after
wepocardial infarction (472 patients)

Variable No post-MI  Post-M1 ?
angana anging
No of cases 374 98 —
Age (years) 57 (12) 60 (10) NS
es 301 (80°,) 75(774,) NS
Length of stay (days) 12-9(8-8) 18-8 (10-7) 0-001
Ejection fraction Q-45 (0-16) 0-46 (0-13) NS
(303 cases) (86 cases)
History of old M1 114(30%) 36(37%,) NS
History of AP for more
than 4 weeks 110(29°,) 61 (62%,) 0-001
L.ocation of MI: NS
Transmural anterior 144 (387} 31 (32°,)
‘Transmural infeqor 139 (37%} 34 (35%,}
Non~trazsmural 85 (23°,) 32(33°,)
Unknownfundefinable & 1
Peak serurm CK (ITU/1) 620 (530) 520 (420) NS
Killip clinical ¢iass: NS
1 237 (63°,) 64 (65°;)
1 90 (24°,) 24 (24%,)
o4 23 (6°,) 6(6%,)
v 24 (69,) G (4%,)
Wedge presure (mun He) 129 (6°5) 11-3 (6-0) NS
Cardiac index (i/min/m”)  2-8 (0-8) 20 (08) NS
Mean arterial pressure
(mm Hg) 123(22) 123 (20) NS
Pleath in hospital 27 (7% 557 NS
Decath after discharge
within one year 39 (10°,) 13 (13%,) NS
Non-fatal reinfarction 43(11% 12¢12°,) NS
‘Tetal one year survival 317 (85Y,) 83 (859, NS
Medication at discharge:
Anticoagulants 74 (20%) 19(19°,) NS
Bera blockers 147 {39%,) 63 (64%,) ¢-001
Digoxin 88 (24%,) 18 (18%,) N§
Diuretics 129 (342,} 37{38°,) NS
Wirrares 91 (24°,) T3 (74} 0-001
Calcium antagonists 46 (12°%;) 60 (61°, 0-001
Antarenythmics 18 (5%, 4(4%) NS

Data reported as events and percentage of cases of as mean {SD).
All percentages computed over entire serics of 374 and 98 cases
respectively. NS, difference nor significant ac the 0+05 Jevel,

MI, myocardial infarction; AP, angina pectoris; CK, creatine
kinase.
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series thus is the effective management of refractory
post-infarction angina. Nevertheless, the decision o
perform bypass grafting for this indication soon af-
ter infarction remains a matter requiring careful
judgment in each patient.

These data were gathered during a period when
percutaneous trapshluminal coronary angioplasty
started 10 gain acceptance 3L our instituton. It is
clear thar angioplasty is having an impact on our pol-
icy to refer patients for operation; more patients re-
ceive angioplasty first, and those with unsatisfactory
results or cormplications are later referred for oper-
ation.'? Meyer eral have reported that aogioplasty
can be carried out at low risk and with good early
znd late results in patients with unstable angina pec-
toris.!? But resules from randomised trials designed
to evaluate the long term success rate of this policy
have not yet appeared. Also it remains to be seen
what effect the widespread availability of throm-
bolytic agents such as recombinant tissue type plas-
minogen activater!® will have on the management of
these patients.

In summary, the results presented here for coro-
nary artery bypass surgery after acute myocardial
infarcuon show that this procedure can be carried
out with low operative mortality and one year mor-
tality. In patients with post-infarction angina in
whom an extension of infarction is threatened oper-
ation should be considered provided that the infarct
is smail and that left venmcular function is good.
We must emphasise, however, that if angina can be
controlled by medical treatment early after in-
farcrion, then this remains the preferred approach.
The most striking difference between the operated
and non-operated matched pairs is the recurrence of
anging within one year that required aggressive
medical treatment, angioplasty, or coronary bypass
graft surgery.
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CHAPTER 8

GENERAL DISCUSSION AND RECOMMENDATIONS

The identification of high and low risk subjects amomg those who have
recovered from acute myocardizl infarction is a major aim in clinical car-
diclogy, now that so many therapeutic modalities are available. It is
logical that this should be done in the most efficient way, that is, as
was pointed out in the introduction, with a strategy which provides the
greatest information at the lowest possible cost and discomfort to the
patient.

In order to make such risk assessment and provide therapeutic recommen~
dations, it is essential to have a knowledge of the mortality risk of the
disease. Only then does it makes sense to stratify patients in different
risk subsets. Numerous studies have shown that the time course of mor—
tality in hospital survivors of myocardial infarctiom is characterized by
a first year mortality of 10 to 15X as an average, with a subsequent
annual mortality rate of 3 to 5%. In particular the first six months after
hospital discharge represeat a high risk periodl’z. Our findings are
consistent with the data reported in the literature, since overall one
vear cardiac wmortality was 11,7% ( 70 out of 596 hospital survivors).
Thirty patients died during the first three months after discharge, an
additional 14 patients between 3 and 6 months. Thus, of the one year
cardiac mortality after discharge, 637 occurred in the first % months.
More than one half of these patjents (53%) died suddenly, that is within
one hour from the onset of symptoms or were found dead unexpectedly. ALl
these factors underscore the importance of an early risk assessment of
post infarction patients.

Prognostic stratification can be based on variables related to the
amount of myocardial damage, the extent of coronary artery disease, or re-
sidual myocardial ischemia, and to the presence of ventricular arrhyth-
mias.

Adequacy of left ventricular functiom or the extent of myocardial
damage can directly or indirectly be judged from simple clinical sigas

2,4 s . . . .
", or can be quantified by non-invasive or invasive methods, such as

hemodynamic monitorings’ s Serum enzyme levelss, radionuclide studiesg’lo,
1

echocardiographyll, 12 lead electrocardiographylz, chest X ray 3 or
14,15

cardiac catheterizarion, including left ventricular angicgraphy

83



. . 16-19
Residuzl myocardial ischemia can be shown by exercise stress testing s

pharmacological interventions, like dipyridamole testzo, atrial pacing
stress testing21 and by ST changes from 24-~hour ambulatory electrocardio-
graphic analysiszz.

Finally, ventricular arrhythmias can be detected by telemetry, Z4-hour
ambulatory electrocardiographic mouitoring23 or by provocative tests such
as exercise24 or electrophysioclogical testing25’26.

Based in part on these observatioms, it has been suggested that an
algorithm be developed to identify patients at high and intermediate risk
in whom a more aggressive management would be indicated, as well as low

risk group where multiple tests and special management are not war—

ranted27’28

. Such an zlgorithm should use the most sensitive and specific
tests and eliminate or obviate those which are costly and redundant.
Furthermore, low risk patients should not underge invasive evaluation.
Although a great amount of information is available on the prognostic
value of the individual tests, little information is available on the
relative prognostic value of tne different tests and on their additive
value beyond that of usual clinical information and testszg-Bz. Therefore
the question which tests, in which sequence and for whom in the evaluation
of post-infarction patients remained open for debate as recently as

198552,

Accordingly we investigated in the same patients recovered from myo-
cardial infarction the prognostic wvalue of symptom limited bicycle ergo~
metry, resting radionuclide ventriculeography and 24-hour electrocardio-
graphic monitoring since these provide information on left wventricular
function, myocardial ischemia and ventricular arrhythmias and since they
are among those tests who are most commonly applied in post infarction
patients. We then compared this information to the cheapest method of them

all, the medical history and the in~hospital course.

Exercise electrocardiography

Exercise testing can detect a myocardial ischemia in difterent ways,
such as the provocation of angina and the induetion the induction of ST
segment changes. At variance with the findings of Theroux34 and these of
the Stanford Cardiac Rehabilitation Program30, an “ischemic" response to
exercise testing has in our experience not been a significant factor in

identifying patients with increased mortality risk after hospital dis-
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Table 1  Revascularisation procedures in the first year ofter myocardial

infarcetion in petients who underwent predischarge stross tost.

stress test number of revascularisation
results patients procedure p-value
N %
ST depression yes 191 41 21 G.0005
z 1 mm no 213 17 8
Angina yes 85 30 35 0.00¢5
no 323 28 8
Total 408 58 14 -

* missing data in 4 patients with intra ventricular conduction

abnormalities.
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charge (Chapters 2 and 3 and Figure 1).

This apparently surprising negative finding 1s comsistent with several
other recent reportsla’zg’31’32’35—38. The reason for such differing
findings is not immediately apparent. It is probably related to a variety
of factors, the most important of which is the selection of patients for
exercise testing (fig 1). In our populatiom 191 patients (32%) were judged
not eligible for the exercise test, in 55 cases due to severe angina.
These patients may have formed an important section of the patients
described by TherouxBa. Furthermore many patients with exercise induced
angina and ST depression underwent coronary artery bypass surgery or
percutaneous transluminal coronary angioplasty at discharge or during
follow—up (table 1). These facrors could have had bizsed the results by
underestimating the prognostic value of an ischemic response to exercise
testing (Fig 1). On the other hand, the studies more corresponding to
ours, reported by Jennings et al37, Birk Madsen and Gilpin29 and Saunamaki
and Andersan35 also did not show a relationship of ST segment depression
to mortality. It was significant that in their series ne patient underwent
a revascularisation procedure during follow-up. Even though we cannot draw
definitive conclusions about the Jlack of association between ST segment
depressjon during exercise and cardiac mortality In our hands, our policy
remains not to refer asymptomatic patients to coronary angiography when ST
segment depression is the only abnormal finding during the exercise test.

In contrast to the absence of the "ischemic respomse”, as a significant
prognostic factor, the hemodynamic response (and in particular the extent
of systolic blood pressure rise by cuff measurement) and the naximum
workload, achieved during bicycle ergometry, were highly predictive of
mortality (chapters 2 and 3). The extent of blocd pressure rise was the
single best prognostic variable and it was the only one which by multi-
variate analysis provided more informatrion than the other usuzl clinical
variables.

This finding is in good agreement with recently published results of the
Multicenter Postinfarction Research Group32, who found in 655 patients whe
underwent a submaximal treadmill test early after myocardial infarction,
that the duration of exercise and the maximal bloecd pressure were the best
prognostic variables which identified a large percentage of low risk
patients. In this study 57 intermediate risk patients were found with a
maximal blood pressure of less than 110 mmHg (10 deaths, mortality of 17%)
and 598 low risk patients (20 deaths, mortality of 3%). They conclude,
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PREDISCHARGE EVALUATION AND PRCGNOSIS AFTER AMI

594 patienis

[

Ex test, Ex test, not eligible
Angina @ Angina © for ex test
|
318 ( +1ST? angina 55
(+18T21) heart faillure47
[ 1 non cardiac
causes 71
Sr;'o% f;rjm zséT% other 18
] [ I
84 189 95 34 191
PATIENTS 14% 3I2% 16% &% 32%
1 YR & 12 g 3 40
MORTALITY| 7% 6% 8% 9% 21%

Fig. 1 Exercise test results and cardiac mortality during follow up in 594
hospital swrvivers of myocardial infaretion.
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like we, that it is very unlikely that drug therapy or revascularisation
procedures will be of any value (unless indicated by symptoms) in such a
low risk group. Also the execution of multiple tests is not indicated in
this group. In our study, like in that of Krome et 3132, patients were
identified to be at high, intermediate and low risk based on the com-
bination of their eligibility for exercise testing, a history of previous
myocardial infarection,the indication for the use of digitalis at hospital
discharge and the extent of blood pressure rise during exercise (see
chapters 2 and 3). It appears that 40%Z of this population could be
characterized as being eligible for the exercise test, not having spoata-
neous angina during exercise and with an "adequate" blood pressure respon—
se {30 mmHg or more) during exercise (Figure 2). This 40% had a very low
mortality (3%), similar to the results described by Krone el al32. This is
a subgroup of patients, for whom other tests and specifically invasive

tests are not indicated.

Radionuclide ventriculography

Radionucliide wventriculography was confirmed to provide strong prog-

PR . . . . 14 -
nostic information (chapter 3) in agreement with many other studlesg’ 212,

17’27’39. The most efficient cut—off point, that is the point which
provided the highest sensitivity and specificity, to stratify high and low
risk patients was an ejection fraction of 40%. In agreement with the
results of the Multicenter Postinfarction Research Group, we found that
the risk of cardiac mortality progressively increased when the resting
ejection fraction decreased below 407%.

However, anm important finding of our study is that in patients who com-~
pleted for exercise testing, the radionuclide ejection fraction

dié not provide additional prognostic information beyond that provided by
clinical information and bicycle ergometry. This issue, as far as we know,
has not beenr earlier addressed in the Jliterature, and implies that the
performance of a radionuclide study is only indicated in patients not
eligible for stress testing, where it does provide independent infermaticn
beyond clinical data (chapter 3). It is also helpful in those patients who
appear at intermediate risk from clinical and exercise test results or im
whom the test is equivocal. Even sc, given the cost of this test in terms
of appararus and manpower requirements, it is an important conclusion that

radionuclide testing can be reserved for a relatively small subset (about
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30%) of patients at the time of their discharge.

24=hour ambulatory electrocardiographc monitoring

With regard to the association between ventricular arrhythmias and sub-
sequent cardiac mortality, the literature is virtvally unanimous. In fact
several studies have demonstrated a significant association between
premature ventricular depolarizations (both in terms of frequency and

patterns) and subsequent cardiac mortalityl’23’39-é2.

In particular,
couplets and runs (3 or more complexes) of premature ventricular complexes
are associated with the highest m.ortality41 . Schultze et al40 and Bigger
et ala1 found that the mortality was most elevated in patients with
ventricular arrhythmias and left ventricular dysfunction. In particular,
the results of the Multicenter Post-Infarcticn Research Group41 show that
left ventricular dysfunction, assessed from ejection fractionm and ventri-
cular arrhythmias detected by Z24-hour ambulatory electrocardiograms are
independently related to mortality risk.

These data underscore that the c¢linical relevance of ventricular
arrhythmias is dependent on the substrate, i.e. the degree of ventricular
dysfunction. In keeping with these observations we found that ventricular
arrhythmias were not significantly predictive of mortality in patients
eligible for exercise testing (chapter 3, table 6), but were predictive in
those not eligible for exercise testing, in whom the ejection fractiom
compared to that in patients eligible for exercise test was much lower (39
t 16% vs 47 * 15%, chapter 3, table 4).

Even when arrhythmias are found, the question remains whether reduction
of ventricular arrhythmias can improve survival, particularly in those
patients with decreased left wventricular function. Thus far, despite a
consistent suppression of wventricular arrhythmias, no trial with anti-
arrhythmic agents has demonstrated a reduction of cardiac mortality in

1,4
post myocardial infarct patientsal’ 2. Different hypothesis have been

formulated to explain this negative finding 41,43

. The first hypothesis is
that the suppression of ventricular arrhythmias dces not improve prognosis
at all. The second possible explanation is that the treatment of ventri-
cular arrhythmias may proleong life, but that its benefit cannot be demon~
strated since methodological limitations in the design of the trials and
the relatively small number of patients participating prevent a small
benefit from becoming evident. The last explanation is that no overall
effect has been found as the control of ventricular arrhythmias may

. 45 .
benefit some patients but harm others ~, thus cancelling each other.

90



In fact, a pro—arrhythmic effect of anti-arrhythmic drugs has been
described%, which may occur more frequently in patients with maligpant
ventricular arrhythmias and poor Jleft ventricular dysfunctionae_ag.
Accordingly our pelicy remains to treat ventricular arrhythmias, only
when they are symptomatic, hence their systematic detection or induction

has become less relevant.

Limications of study

There are some limitations of this study, which should be discussed.
Among these are the incompleteness of data, specifically regarding 24~hour
ambulatory electrocardiographic monitoring and radionuclide wventriculo=-
graphy. Other problems are the relatively small number of end-points
especially in the group of patients with complete tests (chapter 3) and
the absence of an independent population to test the performance of the
prognostic variables that were found.

The prognostic value of a low blood pressure response in patients om
beta-blockers should be judged with some caution, because of the "blunting
effect” of beta blocking on dlood pressure rise. In these patients. The
results of the test should be evaluated in the context of other wvariables
of exercise tests related to left wventricular function or one might
consider to repeat the test after withdrawl of beta blockers, if the
clinical conditions of the patients allow this.

In chapter 5 the peak serum creatine kinase level was chosen as an
indirect marker of infarct size. This has been done because this measure—
ment is usually performed in most coromary care units. However, we acknow-
ledge that this is a wvery crude measurement of myocardial damage, Other
more specific enzyms like CK-MB or a-HBDH provide mere specific imnfor-
mation about myocardial necrosis and probably about prognosis, especially
if time-concentration curves are derived from serial measurements .
Furthermore, the use of thrombolytic agents in the treatment of acute
myocardial infarction is dincreasing. Since they modify the pattern of
enzyme release by including 2 rapid washout in cases of coronary reper-
fusion, it is likely that in an era where early coronary recanalisation
will be increasingly applied, the c¢linical relevance of the peak serum

enzyme levels will diminish.
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Conclusions

Our current view is that the assessment of risk should be carried out
in the least dinvasive way and in the most cost effective manner.
Ir should begin by an accurate interpretation of the usual elinical
variables supplemented by a symptoam limited exercise test (figure 3). This
czn be performed on average 2 weeks after infarction in about 3/4 of the
patients who do not present persistent heart failure, angina refractory to
medical therapy or non-cardiac Iimitations. Exercise test should be
sympton limited, since if patients are carefully selected, this is a safe
procedure and is more accurate to detect signs and symptoms of myocardial
ischemia than "submaximal” heart rate limited tests’ -

Additicnally the symptom limited nature of the exercise protocol was
crucial in our study, since the most valuable prognostic variables were
the extent blood pressure rise from resting valves teo peak workload, and
maximz]l working capacity ftself. These data are consistent to recent
findings of the Cardiac Rehabilitation Group in StandfordSS.

Patients not eligible for stress testing who have recurrent angina
pectoris, marked heart failure, late sustained ventricular tachycardia or
ventricular fibrillation, represent a very high risk subset with 2 mor~
tality during the first year of uvp to 60%. In these patients nultiple
tests are indicated, according to the specific individual problem with the
aim of detection wventricular malfunction. Cardiac catheterisation is
recommended in all patients with angina pectoris. In patients with heart
fajlure = non invasive evaluation with echocardiography and/or radio-
nuclide ventriculography may be performed first and cardiac catheteri-
sation should be limited to those in whom there is evidence of left
ventricular aneurysm, ventricular septal defect or mitral regurgitatiom,
lesions which might surgically be corrected. In this regard echocardio—
graphy with the recent addition of DNoppler echocardiography may be
superior to radionuclide studies for the more complet imformation, its
repeatibility and the lack of harmful radiation. However a drawback of
this technique is that it allows less frequently than radionuclide ventri-
culography a quantification of wventricular function. Twenty £four hour
ambulatory electrocardiographic monitoring is recommended in patients with
late symptomatic ventricular tachy-arrhythmias for the assessment of the
effect of antiarrhythmic treatment.

Out of the 75% of hospital survivors eligible for the exercise test,

more than 50% with an "adequate” systolic blood pressure response (of
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30mmHg or more)} during exercise, represent a low Tisk subset (1 year
mortality of 3%) and do not require additional tests, unless indicated by
Symptoms.

Patients with lower blood pressure response, even in absence of angina
pectoris, represent an intermediate risk group, with an average mortality
of 15 to 19% during the first yeax. Of this group of patients, which are
asymptomatic, but still have an increased risk, it is unclear whether and
which special tests or interventions are indicated. In fact it is reason-
able to perform additiomal tests only if they can guide therapeutical
procedure. For instance if coromary artery bypass surgery or percutaneous
transluminal angioplasty are entertained, coronary angiography should be
the additional first choice test without other tests before.

It is our opinion that the guidelines described above are preferable in
practise because exercise testing is so effective in delineating low risk
patients. As it is inexpensive and has similar prognostic informationm to
that of radionuclide ventriculegraphy, while provinding inforamtion om
myocardial ischemia, exercise tolerance and arrhythmias it is the most
valuable appreach for risk assessment. It also aliows for the estimation
of the amount of activity patient should be allowed after discharge and
for developing a schedule of rehabilitation. Finally, it considerably
improves the self confidence of patients recoveriang £from wmyocardial

. . .56
infarction™ .

REFERENCES

1. Moss AJ, De Camille J, Chilton J, Davis HT. The chronology and sudden-
ness of cardiac death after myocardial infarceion. Ann NY Acad Scie
1982, 382: 465-473.

2. Pardaens J, Lesoffre E, Willems JL, De Geest H. Multivariate survival
analysis for the assessment of prognostic factors and risk categories
after recovery from acute myocardial infarcriom: the belgian situa—
tion. Am J Epidem 1985, 122: 805-819.

3. Killip T, Kimball JT. Treatment of myocardizl infarction in a coronary
care unit: a two year experience with 250 patients. Am J Cardiol 1967,
20: 457-454.

4. DNorris RM, Caughey DE, Mercer CJ, Scott PJ. Prognosis after myocardial
infaretrion ~ six year follow up. Br Heart J 1974, 36: 786-790.

5. Verdouw PD, Hagemeijer F, van Dorp WG, van der Vorm A, Hugenholtz PG.
A short term survival after acute myocardial infarction predicted by
hemodynamic parameters. Circularion 1975, 52: 413-419.

6. Wolffenbuttel BHR, Verdouw PD, Scheffer MG, Bom HPA, Bijleveld RE,
Hugenholtz PG. Significance of hemodynamic variables in coronary care
unit for prediction of survival after myocardial infarction. Br Heart
J 1983, 50: 266-272.

94



10.

1i.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Tavazzi L, Giordano 4, Giannuzzi P et al. Exercise hemodynamics 1
month, 2 months and 1 year after myocardial infarction: progmostic
considerations. Cardiclogy 1981, 68 {suppl 2): 53-66.

Sobel BE, Bresnahan GF, Shell WE, Yoder RD. Estimation of infarct size
in man and its relatiom to prognesis. Circulation 1972, 46: 640-648.
The Multicenter Postinfarction Research Group. Risk stratification
after myocardial infarction. N Engl J Med 1983, 209: 331-336.
Perez—Gonzales J, Botvinick EM, Dunn R et al. The late prognostic
value of acute scintigraphic mneasurement of myocardial infarction
size. Circulation 1982, 66: S60-971.

Gibson RS, Bishop HL, Stamm RB, Crampton RS, Beller GA, Martin
RP. Value of early two dimensional echocardiography in patients
with acute myocardial infarction. Am J Cardiol 1982, 49:
1110-1119.

Palmeri ST, Harrisom DG, Cobb FR et al. A QRS system for
assessing left wentricular fumction after wmyocardial iInfarction.
N Engl J Med 1982, 306: 4-9.

Battler A, Karlimer J§, Higgins CB et al. The initial chest X-ray
in acute wmyocardial dnfarction. Prediction of early and late
mortality and survival. Circulation 1982, 66: 527-536.

de TFeyter PJ, van Eenige MG, Dighton DH et al. Prognosic wvalue of
exercise testing, coronary angiography and left ventriculography 6-8
weeks after myocardial infaretion. Circulation 1982, 66: 527-336.

Sanz G, Castaner A, Betriu A et al. Determinants of prognosis in

survivors of mwyocardial infarcrion. A prospective clinical
angiographic study. N Engl J Med 1982, 306: 1065-1070.
Miller DM, Borer JS. Exercise testing after myocardial

infarction. Risks and benefits. Am J Med 1982, 72: 427-438.

Corbett JR, Dehmer GJ, Lewis SE et al. The prognostic value of sub-
maximal exercise testing with radionuclide ventriculography before
hospital discharge in patients with recent myocardial infarction.
Circulation 1981, 64: 535-5&44.

Gibson RS, Watson DD, Craddoeck GB, et al. Prediction of cardiac events
after uncomplicated myocardial infarction: a prospective study com-
paring predischarge exercise thallium-201 scintigraphy and coronary
angiography. Circulation 1983, 68: 321-336.

Smeets JP, Rigo P, Legrand V, Chevign&, Hastir F, Kulbertus HE.
Prognostic value of rhalliuwm-~201 stress myocardial scintigraphy with
exercise ECG after myocardial infarction. Cardiology 1981, 68: 67-70.
Leffe JA, 0'Brien J, Rothendler Ja&, Getchell JD, Lee VW. Dipyradamcle
- Thallium—201 scintigraphy in the prediction of future cardiac events
after acute myocardizl infarction. N Engl J Med 1984, 310: 1014-1018.
Tzivonl D, Keren A, Gottiieb S et al. Right atrial pacing scon after
myocardial infaretion. Cireculation 1982, 65: 330-335.

Deanfield JE, Shea M, Ribiero P et al. Transient ST-segment depression
as a marker of myoccardial ischemia during daily life. Am J Cardiol
1984, 54: 1195-1200.

Bigger JI Jr, Weld TM, Rolnitzky LM. Prevalence, characteristics and
significance of wventricular tachycardia (three or more complexes)
detected with ambulatory electrocardiographic recording in late
hospital phase of acute myocardial infarction. Am J Cardiol 1981, 48:
815-823.

Weld ¥M, Chu KL, Bigger JT, Rolnitzky LM. Risk stratification with
low-level exercise testing 2 weeks after acute myocardial imfarction.
Circulation 1981, 64: 306-314.

85



25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

38.

40.

96

Roy D, Marchand E, Theroux P et zl. Programmed ventricular stimulation
in survivors of an acute myocardial irnfaction. Circulation 1985, 72:
487-494 .

Denniss AR, Baaijens H, Cody DV et al. Value of programmed stimulation
and exercise testing in predicting ome~year wmortality after acute
myocardial infarction. Am J Cardiol 1985, 56: 213-220.

Epstein SE, Palmeri ST, Patterson RE. Evaluation of patients afrer
acute myocardial infarction. Indication for cardiac catheterisation
and surgical intervention. N Engl J Med 1982, 307: 1487-1492,

de Busk RF, Blomgvist CG, Koucheukes NT et al. Identification and
treatment of low risk patients after acute myocardial infarction and
coronary-artery bypass graft surgery. N Engl J Med 1986, 314: 161-166.
Madsen EB, Gilpin E. How much prognostic information do exercise test
data add te c¢linical data after acute myocardial inferction? Int J
Cardiol 1983, 4&: 15-27.

de Busk RF, Kutemer HC, Marsh E, Berger WE, Lew H. Stepwise risk
stratification scon afrer myocardial infarction. Am J Caxdiol 1983,
52: 1161-1166.

Williams WH, Nazir RC, Higginson LAJ, Baird NG, Allan K, Beamlands DS.
Comparison of clinicazl and treadmill wvariables for the prediction of
outcome after myocardial infarctiom. JACC 1984, 4: 477-486.

Krome RJ, Gillespie JA, Weld FM, Miller JP, Moss AJ and the
Multicenter Postinfarction Research Group. Low-level exercise
testing after myocardial dnfaretion: wusefulness din  enhancing
¢linical risk stratification.

Cirevlation 1885, 71: 80-89.

Iskandrian AS, Hakki AH, Kotler MN, Segal Bl, Herling I. Evaluation of
patients with acute myocardial infarction: which test, for whom and
why? Am Heart J 1985, 109: 391-394.

Theroux P, Waters DD, Haeghen C, Debaisieux JC, Mizgala HEF.
Prognostic value of exercise testing soon after wmyoccardial
infarction. ¥ Emgl J Med 1979, 301: 341-345.

Saunamaki KI, Anderson JD. Prognostic signiticance of the ST
segment Tesponse during exercise test shortly after myocardial
infarction. Comparison with other exercise wvariables. Eur Heart J
1983, 4: 752-760,

Scardi 5, Pivotti F, Gori P, Beggl P, Motolese M, Camerini F.

La prova da sforzo precoce dopo infarto del miocardioc:

stratificazione prognostica. G Ital Cardiol 1983, 13: 219-225,
Jennings K, Reid DS, Hawkins T, Juliar DG. Role of exercise
testing early after myocardial infaretion in identifying
candidates for coronary surgery. Br Med J 1984, 288: 185-187.

Handier  CE. Submaximal  predischarge exercise  testing after
myccardial infarction: prognostic value and limitations. Eur
Heart J 1985, 6: 510~5 17.

Moss AJ, Davis HT, De Camilla J, Bayer LW. Ventricular ejecticn beats
and their relation to sudden and nonsudden cardiac death after
myocardial infarction. Circulation 1979, 60: 998-1003.

Schultze RA Jr, Strauss HW, Pitt B. Sudden death in the year following
myocardial infarction: relation to ventricular premature contractions
in the late hospital phase and left ventricular ejection fraction. Am
J Med 1977, 62: 192-199,



41.

42.

43.

4.

45.

46.

47.

48.

49.

50.

Sl.

52.

53.

54.

55.

36.

Bigger JT Jr, Fleiss JL, Kleiger R, Miller JP, Rolnitzky LM and

the Multicenter Post~Infarction Research Group. The relationship

among wventricular arrhythmias, left wventricular dysfunction, and
mortality in the 2 years after myocardial infarction. Circulation, 69
1984, 250-258.

Murkharji J, Rude RE, Poole K et al, from the MILIS Study Group. Risk
factors for sudden death after acute myocardial infarction: two year
follow=-up. Am J Cardiol 1984, 54: 31-36.

Furberg LD. Effect of antiarrhythmic drugs on martality after
myocardial infarction. Am J Cardio 1983 52 326-366.

Impact Research Group. International wmexiletine and placebo
antiarrhythmic coromary trial: I. Report on arrhythmia and other
findings. J Am Coll Cardiol 1984, 4: 1148-1163.

Lubsen J. Secondary preventive trials with antiarrhythmic agents: are
we asking the right question? Eur Heart J 1984, 5 (Suppl B): 109-111.
Bigger JY Jr. Relation between left wventricular dysfunction and
ventricular arrhythmias after wmyocardial dinfarction. Am J Cardiol
1986, 57: 83-143.

Velebit V, Podrid P, Loewn B, Cohen BH, Graboys TB. Aggravation and
provocation of ventricular arrhythmias by antiarrhythmic drugs.
Circulation 1982, 65: §86-894.

Ruskin JN, McGovern B, Garan H, Di Marco JP, Kelly E. Antiarrhythmic
drugs: a2 possible cause of out—of hospital cardiac arrest, W Engl J
Med 1983, 309: 1302-1306.

Livelli ¥D Jr, Ferrick KJ, Bigger JT Jr et al. Mixed response to
flecainide acetate. JACC 1984, 3 (abstract): 583.

Rees C van. Morbiditeit en mortaliteit wan CCU patiénten.
Registratieproject van het Interuniversitair Cardiologisch Instituut.
Thesis, Leiden, 1986.

Velasco JA, Tormo V, Ridocci F, Blanch

Early load-limited versus symptom-limited exercise testimg: prognostic
value in 203 myocardial infarction patients.

Cardiology 1981, 68 (suppl 2): 44-48.

De Busk RF, Dennis CA.

"Suybmaximal” predischarge exercise testing after acute myocardial
infarction; who needs it? Am J Cardiol, 55; 1985 499-500.

Sullivan ID, Davies DW, Sowton E.

Submaximal exercise testing early after myecardial dInfarction.
Difficulty of predicting coronary anatomy and left ventricular
performance. Br. Heart J 1985, 53: 180-185.

Peart I, Seth L, Albers C, Odemuyiwzo, Hall RJC. Pest-infarcticen
exercise testing din patients under 55 vyears. Relation between
ischaemic abnormalities and the extent of coronary artery disease. Br.
Heart J 1986, 55: 67-74.

Hung J, Goris ML, Nash E, Kraemer HC, de Busk RF. Comparative value of
maximal treadmill testing, exercise Thallium myocardial perfusion
scintigraphy and exercise radionuclide  ventriculography for
distinguishing high- and low- risk patients soon after myccardial
infarction. Am J Cardiol 1984; 53: 1221.1227.

Ewart CK, Taylor B, Reese LB, DeBusk RF. Effects of early
postmyocardial exercise testing on self-perception and subsequent
physical activity. Am J Cardiol, 1983, 51: 1076-1080.

97






CHAPTER S

Samenvatting
Summary






SAMENVATTING

Het doel van deze studie is het geven van een zo compleet mogelijke
beschrijving van de gegevens van na-onderzoek gedurende 1 jaar, verkregen
bij een achtereenvolgende groep wvan 706 patIénten ontslagen uit het
Thoraxcentrum gedurende de periode maart 1981 tot december 1983.
In het bijzonder hebben wij getracht de relatieve waarde van de gebruike-
lijke klinische wvariabelen, die wvan belang zijn voor de overleving na
ontslag uit het ziekenhuis, vast tel eggen. De waarde van deze klinische
variabelen is bovendien vergeleken met het voor omtslag verrichte inspan-—
ningsonderzoek, met metingen van de linkerkamerfunctie door middel wvan
radionuclide~angiografie en met Z24-uurs-elektrocardiografie. Wij hebben
laten zien dat bij pati®nten, die in zaomerking kwamen voor de inspan-
ningstest, de stijging van de blcoeddruk gedurende de inspanning additio-
nele prognostische Informatie verschafte ten opzichte van de reeds bekende
klinische gegevens. De meting van de functie wvan de liokerkamer en lang-
durige registratie wvan het ECG bracht in de aldus gegeven prognostische
indeling bij deze groep patiénten geen wijziging, ook niet indien er
electrografische registratie sprake was wvan ventriculaire tachycardigen.
Patiénten, die in staat waren de inspanningstest te verrichten, hadden een
veel lagere mortaliteit dan patignten bij wie het onderzoek op cardiale
grond gecontraindiceerd was (8% versus 56%). Op grond wvan klinische en
inspanningsgegevens kon een groep patiénten geindentificeerd worden met
een zeer laag risico voor overlijden (mortaliteit 3%)., Deze pati#nten, 40%
van alle patiénten ontslagen na het doorgemaakte myocardinfarcz, =zijn
gekenmerkt door stijging van de systolische bloeddruk met meer dan 30 mmHg
tijdens inspanning. Hieruit kan geconcludeerd worden dat in een omvang-
rijke groep patiénten het risico wvoor overlijden geschat kan worden op
basis van een =zorgvuldige klinische evaluatie en de gegevens van de
inspanningstest. Aanvullende testen in deze patiénten lijken dan ook over—
bodig, tenzij bijkomende klachten deze onderzoeken zouden rechtvaardigen.
Bij de patiénten bij wie het inspanningsonderzoek gecontraindiceerd was,
verschaften metingen van de functie wvan de linkerkamer en langdurige
registratie van het ritme additionele prognostische informatie, ook indien
er rekening werd gehouden met reeds bekende klinische gegevens. In deze
groep patiénten lijken deze onderzoekingen zeker zinvol.

In een groep pati®nten met relatief laag risico, gekenmerkt door de

afwezigheid wvan intraventriculaire geleidingsstoornissen en/of ventri-

101



culaire hypertrofie en/of atrium fibrillatie, werd de prognostische waarde
van het 12 afleidingen ECG voor ontslag beoordeeld. Hoewel bij deze
analyse bevestigd werd dat sommige variabelen wvan het 12 afleidingen ECG
prognostisch van belang zijn, bleek bij multivariate analyse alleen de
ORS-score als beschreven door Selvester, als ook persisterende ST segment
daling en verlengd QT interval onafhankelijk geassocieerd met mortaliteit
volgend op het infarct. De associatie van klinische varizbelen met wmorta-
liteit was echter veel sterker, zodat de toevoeging van de electrocardio~
grafische gegevens de prognostishe indeling wvan deze patiénten niet
beinvloedde.

De invloed die de maximale waarde van de creatine phosphokinase (CK) heeft
op de prognose werd onderzocht bij patiénten, die een eerste Infarct
doormazkten. Er bleek een correlatie te bestaan tussen de PCK waarde's en
de hoogste mortaliteit in het ziekenhuis. Gedurende het na-onderzoek werd
echter geen relatie gevonden tussen maximale CPK waarde en mortaliteit,
recidief infarct en angina. Hieruit kan geconcludeerd worden, dat men in
deze groep patiénten het verdere diagrostisch of therapeutisch handelen
niet van de maximale waarde van CK moet laten afhangen.

De betekenis van de voor ontslag verichtte inspanningstest bij 119
achtereenvolgende patiénten die een ongecompliceerd infarct doormaakten en
die jonger waren dan zestig jaar, werd duidelijk in het jaar wvolgend op
bet myocard infarct. Gedurende het na-onderzoek overleed slechts 1 pa-
tiént, terwijl 10 een niet fataal recidief infarct doormaakten. De aanwezig-
heid van angina pectoris, en/of ST segment depressie tijdens inspanning
bleek niet van waarde voor de wvoorspelling van het recidief infarct, maar
deze variabelen correleerden wel met het optreden van late angina pec-
toris. Geconcludeerd wordt dat in deze groep pati®nten coromaire angio-
grafie niet noodzakelijk is op grond van de aanwezigheid van ST segment
daling tijdens inspanningsonderzoek, daar de prognose wvan deze groep
uitstekend is.

Tenslotte bestudeerden wij het effect wan vroege bypass operatie na
een doorgemaakt myocard infarct bij 34 geopereerde pati&nten, die verge-
leken werden met 34 anderen, medicamenteus behandeld. De twee groepen
kwamen overeen voor wat betreft klinische, ventriculaire en coronaire
angiografische gegevens. Indicatie voor operatie werd gevormd door post-
infarct angina in 30 patiénten en doorgemaakt infarct in aanwezigheid van
ernstige multiple proximale vatafwijkingen in de vier overige patientem.

De operatie vond plaats na een mediaan interval van 20 dagen na het
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infarct. Aan de directe gevolgen van de operatie overleed 1 pati#nt.
Tijdens het na onderzoek werd geen verschil gevonden in overleving of in
het optreden van een niet fatzal reinfarct tussen de geopereerde en niet
geopereerde greoep. De geopereerde patiénten haddem echter een lagere
incidentie van angina pectoris. Op grond van de kleine aantal patiZntem is
het moeilijk hierwit een definitieve conclusie te trekken. Wel kan gesteld
worden, dat een bypass operatie vroeg uitgevoerd na een myocard infarct
een veilige procedure is die voor wat betreft het optreden van angina
pectoris in het jaar na het myocard infarct effectiever lijkt dan behande—
ling met medicamenten.

In hoofdstuk & worden omnze ervaringen vergeleken met de resultaten
uit de literatuur, in het bijzonder wat betreft de waarde van de klinische
variabelen en veelvoudige niet-invasieve methoden om het risico en het
ontslagbeleid ten aanzien vanr hartinfarct patienten te bepalen. Voorzich-
tigheid is geboden bij het schatten wvan het risico op basis van klinische
variabelen; het doen van een fietstest wordt altijd aanbevolen. Patienten,
bij wie een fietstest gecontraindiceerd is hebben de hoogste 1 jaar
mortaliteit (20%). De mortaliteit is nog hoger (50%-60%) indien de contra-
indicatie gebaseerd is op recidiverende angina o¢f decompensatie cordis. In
deze groep patienten meoeten mneerdere tests worden uitgevoerd, zoals
echocardiografie, radionuclide ventriculografie, 24-uurs electrocardiogram
of hartcatheterisatie, afhankelijk van het individuele probleem van de
patient. Van de patienten, die &&n jaar nz het hartinfarct nog leven,
heeft 753% een inspanningstest ondergaan. De patienten met een inspannings-
test hebben 10% minder risico om te overlijden gedurende &&n jaar na het
infarct. Een stijging van de systolische bloeddruk met meer dan 30mmHg
representeerde een lage risicogroep {(3%), die 40% van alle overlevenden
omvatte, terwijl patienten met een mindere stijging van de bloeddruk in de
middelste risicogroep terecht kwamen (19 Z). Patjenten in de lage risico-
groep moeten geen additionele tests ondergaan, tenzij geindiceerd deoor
klachten. Verdere studie zou verricht moeten worden in de intermediaire
risico groep, om de beste diagnostische en therapeutische strategie voor

de individuele patient te bepalen.

103



SUMMARY

The aim of this study is to provide a couwprehensive description of
follow up data during the first year after myocardial infarctien in a
consecutive group of 706 patients discharged from the Thoraxcenter during
a three year period, from March 1981 to December 1983.

In particular we wanted to assess the relative value of the usual
clinical variables to predict survival after hospital discharge, compared
to that of symptom limited bicycle ergometry, resting radionuclide ventri-
culography and the Z4-hour ambulatory electrocardiogram.

It was shown that in patients eligible for predischarge exercise

testing, bloocd pressure rise during exercise provided additive prognostic
informarion beyond clinical data. Radionuclide ventriculography and 24
hour ambulatory electrocardiogram even when demonstrating ventricular
tachycardia, did not further refine the risk assessment in patients who
completed for stress testing. Patients who were eligible for exercise
testing had a much lower mortality than patients judged ineligible for the
test for cardiaec limitations (8% vs 56Z4). A low risk subset (37 mortality)
was identified, encompassing 40% of hospital survivors, including patients
who underwent bicycle ergometry and had an "adequate” blood pressure
response during exercise (greater than 30 mmBg). From this it follows that
in a2 substantial percentage of post-~infarction patients a careful clinical
evaluation and exercise testing are adequate for risk assessment, and that
other tests are redundant, unless indicated by symptoms.
In contrast to patient eligible for exercise test, it was shown that
radionuclide ventriculography and 24 hour ambulatory electrocardiography,
did provide additional progmnostic dinformation beyond clinical data and
were therefore useful for risk assessment.

The wvalue of the predischarge 12 lead electrocardiogram, compared to
other usual clinical variables and tests to predict survival, was assessed
in "low risk™ patients without intra-ventricular conduction defects and/or
ventricular hypertrophy and/or atrial fibrillation. While it was confirmed
that several variables from the 12 lead electrocardiogram provided prog-
nostic information, by multivariate analysis only the QRS score by Sel-
vester, persistent ST segment depression and prolonged QT interval cor—
rected for heart rate proved to be independent predictors. Since clinical
variables were much stronger predictors than electrocardiographic varia-

bles, even the additican of electrocardicgraphic wvariables failed to
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improve the risk assessment.

The c¢linical course of patients with different levels of peak serum
creatine phosphokinase (CK), after their first myocardial infarctiom,
showed that those with the highest peak CK wvalue (> 800 IUlul) had the
greatest hospital mortazlity. However, during follow up after hospital
discharge, different levels of peak CK were not asscciated with dif=-
ferences in mortalicy, recurrent infarcrion or angina. It is concluded
that peak CK in patients after the first myocardial infarction should not
influence the decision for further diagnostic or therapeutical procedures
before hospital discharge.

The walue of predischarge bicycle ergometry in 119 consecutive
patients with uncomplicated first myocardial infarction younger than 60
vears became evident in the first year after myocardial infarction; only
one patient died while only 10 had a non fatal reinfarction. Exercise
induced angina and/or ST depression were not predictive of nem fatal
reinfarction, but they predicted recurrent angina. It is concluded that
coronary arteriography in this grcoup of patients is not indicated even
when there is exercise induced ST depression, since this subgroup has an
excellent prognosis.

Finally, to study the effect of 'early”" coronary artery bypass
surgery after myocardial infarction 34 patients were compared with 34
others treated medically. They were matched by climical, ventriculographic
and coronary arteriographic data. The indication feor surgery was post
infarction angina in 30 cases and infarction with severe proximal multiple
vessel disease in four other patients. Patients were operated upon at a
median dinterval of 20 days after the infarction and there was only one
perioperative death. During ome year foliow up there was no difference in_
survival or non fatal reinfarctions between the operated and not operated
group, however operated patients had 2 much lower incidence of angina
pectoris. Because of the small numbers it is tentatively concluded that
early coronary artry bypass surgery after myocardial infarctiom is a safe
procedure which is more effective than medical treatment for the relief of

angina pectoris during the first year after myocardial infarctiom.

105






APPENDIX A IKVENTORY OF THE DATA EBASE

1——— ADMINISTRATIVE INFORMATION #H#$4#438S435d80s i

R P R R B L T e L e

-1 PRTIENT NAME
No entry = 0, valid = 706

1—~2. SEX (1=MALE, 2=PEMALE)}
No entry = 0, Valid = 7086
Distribution: 554 152

1-3. BIRTE DATE (DOMMYY)
No entry = 0, Valid = 706

1—4%. DATE ADMITIED CCU {DDMMYY)
No enmtry = 0, Valid ~ 706

i1-5. DATE OF DISCHARGE {DDMMYY)
No entry = 66, valid = 640

1-6. DATE OF LATEST FOLLOW-UP {DDMMYY)
No entry = 5, Valid = 701

1-7. DATE OF HOLTER RECORDING (DDMMYY)
No entry = 316, valid = 350

1-8. DATE OF EXERCISE TEST (DDMMYY)
No entry = 298, Valid = £08

1-9. DATE OF RADIONUCL.VENTRICULOGR.{ DDMMYY )
No entry + 216, valid = 490

1-10. DATE CARDIAC CATHETERISATION (DDMMYY)
No entry = 403, Valid = 303

1-11. DATE OF DEATH (DDMMYY)
No entrxry = 531, valig = 175

1-12. DATE OF POST-DISCHARGE
RECURRENT NON-FATAL MT (DOMMYY}
No enktyy = €70, valig = 36

2: CCU DATAR it RSBt eatas HFHFEHEE FRERRTHER

SR R R R R R R R T T i

2-1. DATE ADMITTED CCU (ODMMYY)
No entry = O, Valid = 706

2-2. REFERRING INSTITUTION
1= not referred
2= referred from other hospital
No entry = 1, valid = 7¢5
Distribution: 519 186

2=-3. OLD MYOCARDIAL INFARCTION (O=N, 1I=Y)
No entry = 2, Valid = 702
Distribution: 478 226
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2—4. HISTORY AP >4 WEEKS (O=N, 1=Y)
No entry = 2, valid = 704
Distribution: 431 273

2-5. BEGIN OF MI SYMPTOMS
1= at rest
2= exercise
3= normal activity
4= other
S= unknown
No entry = 1, Vvalié = 705
Distribution: 3580 31 63 21 19

2-5. PREVIOUS CABG SURGERY (O=N, 1=Y)
No entry =~ 2, Valid = 704
Distribution: &71 33

2-7. PREVIOUS CHF {0O=N, 1Y)
No entry = 2, Valid = 704
Distribution: 6980 14

2-8. PREVIOUS PTCA (O=N, 1=Y)
No entry = 2, Valid = 704
Distxibution: 702 2

2—9. PREVIOUS OTHER HEART OPERATION {0=N, 1=Y)
No entry = 2, valid = 704
Distribution: 702 2

2-10. DATE CF MYOCARDIAL INFARCTION {DDHMMYY)
No entry = 0, Valid = 706

2-11. LOCATION OF MI

transmaral anterior
transmural inf/post
unkXnown {(LEBBE)
non~transmaral
undefinable

No entry = 0, Valid = 706
Distribution: 268 266 § 159 5

AR

2-12. PEAX HBEDH
No entyy = 95, Valid = 811

Range = 74 TO 2500, Mean + SD = 542 + 389
2-13. PEBK CPK

No entry = 48, Valid = 658

Range = 14 TO 3500, Mean + 5D = 610 + 539

2-14, MIRU CLASS, HEMODYNAMIC
No entry = 313, Valid = 393
Distribution: 143 131 67 52

2-15. XILLIP CLASS

No entry = 1, Valid = 705
Digtribution: 401 169 60 75

108



2-1s. HR (BPM), AT OCU ADMISSION
No entry = 259, Vvalid = 447

Range = 40 '™ 160, Mean + SD = 85 + 21
2~17. WEDGE PRESSURE {mmHg), AT QCU ADM.

No entry = 311, vValid = 395

Range = 1 TO 35, Mean + 5D = 13 + 6

2-18. CARDIAC INDEX (L/min/m2), AT CCU ADM.
No entry = 332, valid = 373
Range = 0.8 TC 5.9, Mean + SD = 2.6 + 0.8

2-19. WIXED VENOUS 02 (%), AT CCU ADM.
No entry = 362, Valid = 344
Range = 40 TO 84, Mean + SD = 6B + 38

2-20. SYSTEMIC ARTERIAL P (mmEg), CCU ADM.
No entry = 262, Valid = 444
Range = 50 TO 200, Mean £ SD = 120 * 24

2—-21. HEEMODYNAMIC PROGNOSTIC INDEX, CCU ADM.
No entry = 350, vValid = 356
Range = 1 TO 215, Mean + SD = 42 + 36

2—-22. DANGINA DURING CCU STAY (O=N, 1=Y)
Ne entry = 0, Valid = 706
Distribution: 621 85

2—23. VP (O=N, 1=Y:<=72h, Z=Y:afier 72 h)
WNo entry = 0, Valid = 706
Distribution: 660 38 8

2~24., RECURRENT NON-FATAL MYOCARDIAL INFARCTION

o= none

1= transmural anterior

2= tramsmural inf/post

3= unknown (LBBB)

4= not transmural

5= undefinable

No entry = 1, vValid = 705
Distribubion: 681 10 9 0 2 3

2-25, DATE OF RECURRENT MI{DDMMYY)
No entry =« 683, Valid = 23

2-26. PEAK HBDE
No entry = 690C, Valid = 16
Range = 154 0 973, Mean i SD = 405 + 212

2-27. PEAK CPK
Noe entry = 681, valid = 25
Range = { T0 1461, Mean + SD = 352 £ 414

2-28. STREPTOXKINASE INTERVENTION (O0=N, 1=Y)

No entyy = 0, Valid = 7¢8
Distribution: 644 62
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2-29. STREPTOKINASE AND PTCA INTERV. (O=N, 1~Y)
No entry = Q, Valid = 706
Distribution: 681 25

2-30. STREPTOKINASE CONTROL GROUP (O=N, I=Y)
No entry = 0, valid = 706
Distribution: 639 67

2-31. IABP INTERVENTION (0=N,1=Y)
No entyy = O, valid = 706
Distribution: o640 66

2--32. DESTINATION AFTER CCU

1= CARDIQLOGY DEPT: 1200

2= CARDIOLOGY DEPT: 3 zuid

3= other hespital department

4= thorax sSurgery

5= home

&= mortality

7= other

No entry = 2, valid = 704
Distribution: 545 42 24 9 0 82 2

POST-CCU DATA ##HEHSHSEE S s S 4834 S 30 Mt S 4 S R0 S S0 0 5 S

3-1. AP DURING SPONTANEQUS EX {O=N, 1=Y)
No entyy = 83, Valid = 623
Distribution: 575 48

3-2. AP AT REST {(O=N, 1l=Y¥)
No entry = £3, Valid = 623
Distribution: 534 89

3—3. DUBIOUS AP (O=N,1=Y)
¥o entry = 83, Valid = 623
Distribution: 504 1S

3. CHE (O=N, 1=Y)
No entry = 83, Valid = 623
Distxribution: 505 118

3-5. RECURRENT NON-PATAL MYOCARDIAL INFARCTION

o= none

1= transmural anterior

2= transwmral inf/bpost

3= unknown {LBBB)

4= not trangmaral

5= uyndefinable

No entry = 84, Valid = 622
Digtribution: 608 4 ¢ 05 1

3-6. DATE OF RECURRENT NON-FATAL MI (DOMMYY)
No entry = 694, Valid = 12

3—~7. PEAK HBDH

No entry = 698, Valid = 8
Range = 0 PO 350, Mean + SD = 178 + 123
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3-8.

3-93.

2-10.

3-11.

3~1z.

3-14.

3-16.

3-17.

3-18.

3—~19.

PEAK CPK
No entry = 692, Valid = 14
Range = 0 TO 420, Mean + SD = 170 £ 181

LATE VP {0=N, 1=Y)
No entxy = 84, Valid = 622
Digtribution: 606 16

SUSTAINED VT, >72 HRS APTER MI (O=N,1~Y)
No entry = 83, valid = 623
Digtribution: 599 24

SUST. SVT/AF »>72 HRS APTER MI (0=N,1=Y)
No entry = 83, Valid = 623
Digtribution: 587 28

CARDIOMEGALY, CTR»50 ON DISCH.(0O=N,1=Y)
No entry = 84, Valid = §22
Distribution: 462 160

PULMONARY CONGESTICN CON DISCH. (0=N, 1=Y)
No entry = 85, valid = 621
Distribution: 569 52

ECG ON DISCHARGE

1= sinus rhythm

2= atrial fibrillaticn
3= other arrhythmia
No entry = 2, Valid = 704
Digtribwation: 6%0 14 O

ECG ON DISCHARGE

1= LSH 2~ RBEBE 3= LEBE 4= none of these
No entry = 2, Valid = 704
Digtribution: 0 53 32 12 606

ECG ON DISCHARGE
1= AV block grade 1
2= ' 2

I ' 3

4= REBB & LSH

5= RBEB & LIH

6= noneé of thease
No entry = 3, valid = 703
Distribution: 10 1 4 13 1 &£74

Q WAVES PRESENT (0=N, 1=Y)
No entry = 7, Valid = 699
Distribution: 152 547

5T ELEVATION (0=N, 1=Y)
No entry = 176, Vvalid = 530
Distribution: 326 202

ST DEPRESSION (O=N, 1=Y)

No entxry = 176, Valid = 530
Distribution: 444 86
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3-20.

3-21.

3=22.

3-23,

3=24.

3-25.

3-26,

3-27.

L

112

P.V.C.'S (O0=N, 1=Y)
No entry = &5, valid = 681
Digtribution: 624 37

? TERMINAL FORCE
No entry = 79, valid = 627
Range = 0 TO 80, Mean £ SD = 21

4+

is

CONDUCTION DEFECICS, LVH
1=LEBEB

2=RBBEB

3~RBBB, LSH

4=RBES, LIH

S=LSH

6=LIH

F=LVEH

8=DPACE MAKER
No entry = 572, Valid = 134
Digtribution: 28 27 14 1 40 & 14 4

CORRECTED QT
No entry = 179, valid = 527
Range = 0.298 TO 0.5602, Mean + SD = 0.424 4 0.04%

HEART RATE
No entry = 179, Vvaligd = 527
Range = 38 TO 167, Mean + SD = 73

I+

17

SELVESTER. ECG SCORE
No entry = 179, Valid = 527
Range = 0 TO 20, Mean £ SD = 5 + 3

DESTINATION ON DISCHARGE

1= home

2= dept thoracic surgery

3= other hospital department
4= mortality

5= other
No entxy = 82, Valid = 624
Distribution: 533 51 13 22 5

ANGINA
1= no ECG changes

2= isch. infarct zone

3= izch. at a digtance

4= isch. at distance and reciproc
5= no ECG recording or BBB

6= No Bngina
No entxy = 5, valid = 701
Distribution: 24 47 42 ¢ 14 574

THERAPY ON DISCHARGE ##H#3353atad ittt ddr st ai st aeiey

DATE OF DISCHARGE (ODMMYY)
No entry = 66, Valid = 640



2. ANTI-COAGULANTS (O=N, 1=¥)
No entry = 101, valid = 605
Digtribution: 467 138

4—3. BETA-BLOCKERS "
No entry = 101, Valid = 605
Distribution: 291 314

G=b, DIGOXIN i
No entry = 101, Valid = 605
Distribution: 470 135

45, DIURETICS "
No entry = 101, Valid = 605
Distribution: 375 230

4-6. NITRATES OR VASCDILATORS -
No entry = 101, valid = 605
Digtribution: 272 232

47 . CALCIUM ANTAGONLSTS '
No entry = 101, valid = 605
Distribution: 447 158

e, ANTI-ARREYTHMICS '
No entry = 101, Valid = 605
Distribution: 572 27

4—9 ., PACE MAKER T
No entry = 101, Valid = 605
Distribution: 603 2

4-10. REFERRED CABG '
No entry = 100, Valid = 606
Digtribution: 350 56

4-11l. REF. OTHER HEART SURGERY "
No entry = 1, Valid = 705
Distribution: 696 9

4—12. REFERRED PICA v
No entry = 101, Valid = 605
Distribution: 589 16

4—13. NO THERAPY '
No entry = 102, valid = 604
Digtribution: 547 57

5-1. RECURRENT NON-PATAL MI (O=N, 1=Y)
No entry = 107, valid = 599
Distribution: 563 36

5-2. DATE OF POST-DLISCHARGE
NON-FATAT, RECURRENT MT {DDMMYY)
No entry = 670, valid = 36

ONE YEAR FOLLOW UP OF PATLIENTS #H#S#S3SFnditdsdisrianis
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S5—4.

5-5.

5-6.

5-7.

5-8.

5-9.

5-10.

5-11.

5-12.

5=13.

5-1%,

5-15.

5-16.

114

LOCATION MI
1= transmaural anterior
2= transmural inf/post
3~ unknown {LBBE)
4= non~transmural
5= undefined
¥No entry = 670, Valid 36
Digtribution: © 12 08 6

]

PEAK CPX
No entry = 681, Valid = 25
Range = 79 TO 1550, Mean X SD = 539

PEAK HBDH
No entry « 691, Valid = 15
Range = 138 TO 1200, Mean 4 SD = 485

ANGINA PECTORIS {0=N, 1=Y)
No entry = 107, Valid = 599
Digtribution: 385 214

CEF {O=N,1=Y)
Mo entry = 107, Valid = 599
Digtribution: 518 81

CABG (0O=N,1=Y)
No entry = 107, Valid = 599
Distribution: 564 35

DATE OF CABG (DDMMYY)
No entry = 668, Valid = 38

PICH (O=N, 1=Y)
No entry = 107, Valid = 599
Distribution: 588 L1

DATE OF PTCA (DDMMYY)
No entry = 695, Valid = 11

OTHER HEART SURGERY (0=N, 1=Y)
No entry = 107, Valid = 599
Distribubtion: 596 3

DATE OF OTHER E SURGERY (DDMMYY)
No entry = 703, valid = 3

SUSTAINED VT (0N, 1=Y)
No enkry = 107, Valid = 599
Distribution: 592 7

VF {(0O=N,1=Y)
No entry = 108, Valid = 558
Distribution: 596 2

DATE OF LATEST FOLLOW-UP (DDMMYY)
No entry = 5, Valid = 701

+ 417

+ 321



5-17.

5-18.

5-19.

5-20.

5—-21.

5-22.

5-23,

5-24.

5—-25.

5-25.

5-27.

5-~28.

'DATE OF DEATE (DDMMYY)

No entry = 531, vali@d = 175

CAUSE OF DEATH
1= Sudden, unexpected (<1 Hour)
2= Myocardial infavction
3= Non—cardiac 4= Peri—operative
5= Congestive heart failure 6= Other
7= Uuknown
No entry = &34, Valid = 72
Digtribution: 327 18 2 2 11 2 0O

SQURCE OF MORTALITY INFORMATION
1= General practitioner 2= Hosgpital 3= hutopsy
4+ Other (ENTER ONE CODE)

No entry = 633, Valid = 73

Digtribution: 31 19 2 21

ANY COMPLICATION {(O=N, 1=Y)
No entry = 0, Valid = 706
Distribution: 300 406

LOST 70 FOLLOW-UP (O=N, 1-Y)
No entry = 102, valid = 603
Distribution: 597 6

CARDIAC RESABILITATION
0= Not performmed
1= Drop out because of death
2= .. OFf other cardiac reasgson
3= ,» of mediczl non cardiac reason
f= .. of non medical reason
5= Rehabilitation completed
Ko entry & 532, Valid = 174
Distribution: 2 4 5 8 13 142

DATE OF START REHABILITATION
No entry = 533, Valid = 173

DATE END REEABILITATION
Ko enktry = 536, Valid = 170

BETA BLOCKERS, AT END REEAB. (0=N,1=Y)
Noe entry = 563, Valid = 143
Distribution: &7 76

MAX. WORKLOAD AT END RESABILITATION
No entry = 564, Valid = 142

Range = 60 TO 260, Mean + SD = 185 + 41
% MAX. WORKLOAD, 3

No entry = 565, Valid = 141

Range = 30 10 160, Mean + SD = 105 + 21

DANGINA DURING THE TEST {(0=N, 1=Y)}
No entry = 564, Valid = 142
Distyibution: 121 21
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5—-29. RESTING HR, DURING EST AMFIER REHAR.
Ko entry = 566, Valid = 140
Range = 45 TQ 116, Mean & SD = 71

I

13

5-30. RESTING SBP DURING EST
No entry = 566, Valid = 140
Range = 100 TO 200, Mean + SD = 133

+

i7

5-31. PERK HR DURING EST
No entry = 567, Valid = 133
Range = 53 TC 191, Mean + SD = lal

H*

23

5--32. PEAK SBP DURING EST
No entry = 568, Valid = 138
Range = 125 TQ 240, Mean + SD = 175

H

27

5-33. BP RISE DURIRG EST AFTER REHAB
No entry = 568, Valid = 138
Range = —20 TC 120, Mean + SD = 21

+

23

5—34. BEASQONS FOR INTERRUPTING THE EST TEST
1= Fatigue
2= Angina
3= Dyapnoe
4= Other symptoms
5= HR too high
6= Pressure drop
7= ST changes
8= Arrhythmias
9= Other reasons
10=Unknown
o entry = 567, Valid = 139
Distribution: 105 9 14 4 01 0 ¢ 3 3

HOLTER TAPE ANALYSIS #FHHHHHSHAFHER ISR R R S S Sttt

&-1. DATE OF RECORDING
No entry = 316, Valid = 390

&-Z. PVC UNF <5/MIN
0= geen
1= goms
2= matig veel
veel
4= continu
No entry = 318, Valid = 390
Distribution: 281 97 1110

&-3. PVC UNF >5/MIN
No entry = 316, valid = 390
Distribution: 356 232 8 2 ©

6—4. VNT BLG

No entry = 316, Valid = 390
Digtribution: 312 67 11 ¢ 0
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65,

&-6.

6—8.

B-9.

&—10.

6—11.

7

7-1.

7-Z.

7-3.

T=&.

T7-5.

PVC MIF «<b/MIN
No entry = 316, Vvalid = 390
Digtribution: 104 202 66 15 3

PVC MIF »5/MIN
No entry = 316, vValid = 390
Distribution: 293 57 23 15 2

PVC R OP T
No entry = 317, valid = 389
Distribution: 385 40 0 0

VNT DBL
No entry = 316, Valid = 390
Distribution: 257 123 8 1 1

VNT RIT (>100) 3-10
No entry = 316, valid = 3%C
Digtribution: 335 51 4 0 0

VNT RIT {>100) >10
No entry = 316, valid = 3%0
Distribution: 385 5 € 0 0

SLOW VT (<100)
Mo entry = 316, Valid = 390
Distribution: 354 35 0 1 ©

EXERCISE STRESS TEST #3#4#5343 33 84S 88t ud i a s S0 RS 54 3 508

TEST STATUS

1= test performed

z= not performed due to AP
3= ' CHF
4_2 L]
S e
No entry = 96, Valid = 510
Distribubion: 408 59 52 73 18

DATE OF STUDY (DDMMYY)
No entry = 298, valid = 408

DIGITALIS USED (0=N, 1=Y)
No entry = 2938, Valid = 408
Distribution: 342 66

BETA-BLOCKER USED (0=N, 1=Y)
No entry = 298, Valid = 408
Disgtributicon: 186 212

PERCENT MAX WORK CAPACITY (%)
No entry = 298, Valid = 408

Range = 32 TO 129, Mean + SD = 78

extra—cardiac med contraindication
unknown or organizational problem

I+

17
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7=6. REASON POR STOPPING TEST
fatigue
AP
ayspnoe
= other symptoms
HR to high
6= pregsure drop
7= 5T changes
8= arrhythmias
9= other medical reason
No entry = 298, Valid = 408
Distribution: 284 25 75 0 0 13 8 2 1

¥

[

wfl\')lﬂ-‘

-]
]

7-7. SYMETOMS DURING TEST
1= AP
2= dyspnoe
3= othey
4= none
No entry = 298, Vvalid = 208
pistribution: 85 10 1 312

7-B. MAXTTMUM, WORK LOAD ACHIEVED
No entry = 298, Vali@ = 408

Range = 40 TC 240, Mean * SD ~ 113 3z2.

I+

7=9. REST ER
No entyy = 298, Valid = 408
Range = 44 TC 142, Mean + 3D

B

g2,

1+

18

7-10. REST SYSTOLIC BP (mmEY)
No entrvy = 298, valig = 408
Range = 80 TO 175, Mean + SD = 121

H+

1s

7-11. MAXIMUM HR
No entry = 298, valid = 408
Range = 76 TC 195, Mean + SD = 130

M

22

7-12. RECOVERY HR
No entry = 374, valid = 332
Range = 47 TO 176, Mean % SD = 111 4+ 21

7-13. RECOVERY HR/REST HR. RATIO
No entry = 374, vValid = 332
Range = 0.48 TO 1l.11, Mean + SD = 0.85 + 0.08

7-14. MAXIMUM SYSTOLIC BP
Ko entry = 298, valid = 408
Range = 100 TO 250, Mean & SD ~ 162 + 28

7=15. RECOVERY SYSTOLIC BP
No enkry = 374, Valid = 332
Range = 100 TO 230, Mean + SD = 150 + 24

7-16. RECOVERY SYST BP/SYST EBP RATIO

No entry = 374, Valid = 332
Range = 0.65 TO 1.23, Mean + SD = 0.93 £ 0.08
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7-17.

7-18.

T-19.

7-20.

T-2X.

7-22.

T-23.

T-24&.

7-25.

T-26.

7=27.

7-28.

7-29.

INSUFFECIENT INCREASE PRESSURE (0O=N, 1=Y)

No entry = 292, Valid = 408
Distribution: 345 €3

ST SEGMENT CHANGES (O=N, i~Y)
No entry = 302, Valid = 204
Digtribution: 117 287

I[F ST CHANGES, X TSCHAEMIC (mm)
Ne entry = 3202, vValid = 404
Range = 0 TO 3, Mean + SD = 0.4

IF ST CHRNGES, ¥ ISCHAFMIC {mm)
No entry = 302, Valid = 404
Range = 0 TO 3, Mean + SD = 0.2

IF ST CHANGES, Z ISCHATMIC (wmm)
No entry = 302, valié = 404
Range = 0 TO 2, Mean + SD = 0.1

-

IF ST CHANGES, X WALL MOTION (mm)

No entry = 302, Valid = 404
Range = 0 TO 2, Mean + SR = Q.¢

IF ST CHANGES, Y WALL MOTION (mm)

No entry = 302, Valid = 204
Range = O TO 2, Mean + SD = 0.1

IF ST CHANGES, Z WALL MOTION {mm)

No entry = 303, valid = 403
Range = 0 70 4, Mean &+ SD = 0.4

IF ST DEPRESSION, WORK LOAD
No entry = 520, Valid = 186
Range = 25 TO 200, Mean

IF ST DEPRESSION, % MAX
No entry = 521, Valid =
Range =

WORK
185
15 70 114, Mean + SD =

IF ST DEPRESSION, HR
No entry = 521, Valid = 185
Range = 76 TQ 198, Mean +

IBBE (0=N, 1=Y)
No entry = 298, valigd =
Digtribution: 404 &4

408

ARRHYTHMTAS DURING TEST
0= ne
1= yes
No entry = 298, Valid =
Distribution: 402 &

(VD> 2

208

+ 5D = 91

64

121

* 31

CAPACITY

I+

ie

i+

21

BEATS )
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7=30.

7-31.

F-32.

7-33.

e tW

8-1.

8-2.

8—3.

84,

8-6.

120

ARRHYTEMIAS DURING TEST (VF)
0= no
1= yes
No entry « 298, Valid = 408
Distxibution: 407 1

ARREYIEMIAS DURING TEST (COUPLETS )
O= no
1= wyes
No entry = 298, Valid = 408
Digtribution: 32378 30

ARREYTHEMIAS DURING TEST (PVCs)
0= no
1= yes
No entry = 298, Valid = 408
Distribution: 314 94

NUMBER OF ARRHYTHMIAS DURING TEST (PVCS/MIN)
No entry = 298, Valid = 408
Range = 0 TO 44, Mean + SD = 1.8 + 5.1

ARREYTEMIAS DURING TEST (VF or VI or COUPLETS)
O nc
1= yes

¥No entry = 292, Valid = 408

Digtribution: 376 32

GBP RADIONUCLIDE VENTRICULOGRAPEY RSt aitdmnitadt

DATE OF STUDY (DDMMYY)
No entry = 216, Valid = 480

EJECTION FRACTION
No entry = 220, Valid = 486
Renge = 0.04 1O 0.8, Mean £ 8D = 0.45 % 0.16

REGICNAL WALL MOUTION
1= all regions noxmal
2= worst sequent hypokinetic
3= b akinetic
L v gyskinetic
5= ambiguous recording
No entry = 218, Valid = 488
Distribution: 61 108 198 118 3

REGIONAL EF, 3ZG 1
No entry = 288, Vvalid = 418
Range = ¢ TO 0.18, Mean & 8D = 0.06 £+ 0.03

‘e 2
No entry = 288, Valid = 418
Range = 0 TO 0.14, Mean + SD = 0.05 + 0.03

. 3
FBo entry = 288, Valid = 418
Range = 0 TO 0.21, Mean + SD = 0.07 £ 0.04



8-8.

8-9.

8-10.

8-11.

8-12.

e-132.

8-34.

B-15.

. P
No entry = 288, Valid = 418
Range = 0 TO 0.18, Mean # SD = 0.06 4+ 0.036

. 5
No entry = 288, Valid = 418
Range = 0 TO 0.8, Mean 4+ SD = 0.06 + 0.04

‘e &
No entyxy = 288, Valid = 418
Range = 0 TO 0.7, Mean + SD = 0.06 + 0.04

LOCAL EF, SEG 1
No entry = 289, Valid = 417
Range = 0 TO 0.76, Mean + SD = 0.29 £ 0.12

2

L

No entry = 289, valid = 417

Range = 0 TO 0.66, Mean + SD = 0.29% + 0.14

3

o

No entry = 290, vValid = 416

Range = 0.04 TO 0.99, Mean + SD = 0.42 % 0.20

L]

rr

No entry = 290, valid = 216

Range = 0.03 TO 1, Mean + SD = 0.50 £ 0.23

5

L

No entry = 289, vValid = 417
Range = 0 TC 1, Mean #+# SD = 0.4% + 0.18

8

s,

No entry = 289, valid = 417

Range = 0 TO 0.87, Mean = SD = 0.37 £ 0.13

CARDIAC CATHETERISATION HHHHEHERHHEREI SR S R i

DATE OF STUDY (DDMMYY)
No entry = 403, Valid = 3032

REASON FPOR CATHEETERIZATION
1= elective
2= gtudy protocol
3= unknown
No entry = 405, valid = 301
DRistribution: O 155 145 1

EJECTION FRACTION

No entry = 466, vValid = 240
Range = 0.12 T0 O.76, Mean + SD = 0.46 £+ Q.L&
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94, REGIONAL WALL MOTION

1= all regions nhormal

2= worst segment hypockinetic
3= . akinetic

L . dyskinetic
5= ambiguous reécording

No entry = 433, valid = 273
Digtribution: 22 109 63 77 2

S5, NUMBER OF VESSELS DISEASED
0= no vesgel disease
i= one vessel disease
2= two v
3= three .
4= main stem
5= main stem & right
&= ambiguous recording
No entry = 405, valid = 201
Distridution: € 96 103 87 0 7 O

=6, LEAMRN CORONARY SCORE
No entry =~ 410, Valid = 296
Range = 0 TQ 47, Mean + SD = 11.

I+
[

9-7. MITRAL INSUFFICIENCY >=GR 2 (O=N, 1=Y)
No entry = 409, Valid = 297
Distribution: 281 16

9-8. LY END DIAST PRESSURE
No entry = 420, Valid = 286

Range + 2 TO 45, Mean + SD = 20. + 8
S5—9. LV END DIAST VOLUME

No entry = 435, Valid = 27]

Range = 1 TO 255, Mean 3 SD = 90 4+ 29
9-10. LV END SYST VOLUME

No entry = 454, Valid = 252

Range = & TO 2312, Mean + SD = 49 + 28

10— SPECIAL DATA PILES (CREATED FROM EXISTING PILES) #HFiiaririas

10-1. ACE OF PATIENTS ON ADMISSION (YEARS)
No entzy = 0, Valid = 7086
Range = 22 TO 83.4, Mean + SD = 58 + 11

i0-2. LENGTH OF STAY IN CCU (DAYS)
No entry = 0, valig = 706
Range = Q0 T0 78, Mean + SD = 13 +9

10-3. EX. STR. TEST DONE (1=DONE, 2=NOT DONE)
No entry = 96, Valid = &10
Digtribution: 408 202

10—4, HOLTER TAPE DONE (1<=DONE, 2=NOT DONE)

No entry = ©, Valig = 706
Distribution: 390 316
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165,

10-6.

10-7.

10-8.

10-9.

10~10.

10-11.

10-12.

10—-13.

10-14.,

10-15.

10-16.

10—-17.

AP DUR. CCU STAY OR DUR. SPON. EX OR AT REST
{O=NO, 1=YES)

No entry = 0, Valid = 706

Digtribution: 53¢ 167

LATE VF OR VT IN PCU (O=N, 1=Y)
No entry = 83, valid « 623
Distribution: 59 332

ECG: REEE OR RBEB & LSH OR RSBB & LIH {0=N, 1=Y)
No entry = 2, Valid = 704
Digtribution: 656 48

MAX PRESSURE RATE PRODUCT DURING EST (MMEG*HR)
Ne entry = 298, valid = 408
Range = 7600 T0 30430, Mean + SD = 15952 + 3695

CHANGE IN BPF DURING EST {MMEHG)
No entry = 298, Valid = 408
Range = —2C TO 125, Mean + 5D = 40 + 24

EST ST CHANGES, MAX XYZ ISCHAEMIC (MM)
No entry = 302, Valid = 404
Range = 0 TO 3, Mean + SD = 0.6 + 0.7

EST ST CHANGES, MAX XYZ WALL MOTION (MM)
No entry = 302, Valid = 404
Range = 0 TC 4, Mean £+ SD = 0.5 & 0.7

EF RADIONUCLIDE CR ANGIO
¥o entry = 162, Valid = 524
Range = 0.04 10 0.8, Mean + SD = 0.45 # Q.16

ARREYTEMYAS DURING EST (1+SOME, Z-NONE)
No entry = 298, Valid = 408
Distribution: 94 314

ARRIYTHMIAS DURING HOL.(1=SOME, 2=NONE)
No entry = 316, Valid = 390
Distribution: 155 235

DURATION OF FOLLOW-UP AFTER MI {DAYS)
No entry = 5, vValid = 70L
Range = 0 TO 608, Mean + SD = 283. + 150.

DURATION OF FOLLOW-UP AFTER DISCH.
No entry = 67, valid = 639
Range = —12 TQ 597, Mean * SD = 294, # 128.

REF. CABG DURING BOSP. STAY

1= PURE CABG

2= QTHER HEART SURGERY WITE OR WITEOUT CARG
3 =NC HEART SURGERY

No entry = O, Valid = 706

Digtribution: 51 9 646
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10-18. DEATH IN HOSPITAL {(O=N, l=Y)
No entry = 0, Valid = 706
Digtribution: 602 104

10-19. VERDOUW EEMODYN. INDEX AT ADM.
No entry = 362, Valid = 3244
Range = ~9.415 TO 9.385, Mean + SD = 2.899 % 3.209

10~20. WOLFENBUTTEL HEM. INDEX AT ADM.
No entry = 333, Vvalid = 373
Range = 1.97740112994 TO 487.5, Mean F SbL = 50. + 53

10-21. REGIONAL LV WALL MOTION GEBP OR ANGIO

1= all regions normal

2= worst segment hypokinetic

3= v akinetic

Ge= ' dyskinetic

5= ambiguous recording
No entry = 153, Valid = 553
Digtribution: €9 125 218 137 4

10-22. ST—depr.and DIGITALIS, PRE DISCH. ECG
(0=Nc ST-depr,l=ST- with DIG,2=ST- without DIG)
No entry = 218, Valid = 490
Digtribution: 426 27 37

10—23. RECURRENT NON-FATAL MI PROM CCU & PCU

C= none

1= transmural anterior

2= transmural inf/post

3= unknown {L38B8)

4= ot transmural

5= undefinable
No entry = i, Valid = 705
Distribution: 668 13 12 0 7 4
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Predicuon of mortality in hospital survivors of
myocardial infarction

Comparison of predischarge exercise testing and
radionuclide ventriculography at rest

PFIORETTI, R W BROWER, M L SIMOONS, S KDAS,*R JBOS, W WIINS, }H C REIBER,
J LUBSEN, P G BUGENHOLTZ

From the Thorexcenter, the Deparoment of Nuclear Medicine, Erasmus Urdversity and Usiversity Hospital Dijksigt,
Ronerdam; the Tncruniversiyy Cerdiplogy Institute, Amsterdam, The Netherlands; and the *Devision of Cardiology,
Urdversizy of Michigan, USA

sumMarY The relative merits of resting ejection fraction measured by radionuclide angiography and
predischarge exercise stress testing were compared for predicting prognesis io hospital survivors of
myocardial infarerion. Two hundred apd fourteen survivors of myocardial infarction our of 338
consecutive patients with acute myocardial infarction were studied over 2 34 month period. Hospital
mortality was 13% (45 of 338) whereas 19 additional patients out of 214 died in the subsequent vear
{9%). High, intermediate, and low risk groups could be identified by left ventricular ejection
fraction measurement. Mortality was 33% for nine patients with an ejection fraction <20%, 19% for
58 patients with an ejection fraction between 20% and 3%%,, and 3% for 147 patients with an ejecton
fraction >40%. Mortality was high (23%) in 47 patients who were unable to perform the stress test
because of heart failure (19) or other limitztions (28). The patiears could be stradfied further into
intermediate and low risk groups according to the increase in systolic blood pressure during exer-
cise: six deaths occurred in 46 patients with a blood pressure increase of <30 mm Hg and two deaths
occurred in 121 patients with an increase =30 mm Hg. Maximum worklozd, angina, ST changes,
and ventricular arrhythmiss were less predictive thzn blood pressure changes.

It is concluded that the prognostc value of radionuclide angiography at rest and of symptom
limited exercise testing is similar, The jatter investigation should be the method of choice since it
provides more specific information for patient management.

Eurgpean Heart Journal (1984) & (Supplement E). 97-100

Ineligibility for predischarge exercise testing after
mygccardial infarction in the elderly: Implications for
prognosis

1. W._Decxers, P. FiorerTs. R. W. BRowEr, M. L. Sivoons, T. BaarDpMan axp P. G. HUGENHOLTZ

Tharaxcenier, Erasmus University and University Hespital Dijkzigr, Rotierdum, and the Interuniversicy
Cardielogy Institute, The Netherlands

KEY WORDS: Myocardial infarction. exercise test. prognosis. oid age.

Tiris study describes rhe clinical profile and prognosis of ciderly patients not cligibie for predisciiarge exereise
testing. The database consisted of 133 patients 55-64 years af age. and 111 paiients older than 64 years of
age who survived an acute myocardial infarction. Follow-up wus onc year. In the yvounger age group, 24
{18% ) patients were unable 1o perform the test, in contrast 1o 63 (3725 ) of the elderly subjects. In these two
Eroups. onc-year mortaliny rates were 13% and 37%, compared widi 634 and 2% for the respective patients
cligible for stross testing. Clinical profile and radionuclide cjection fraction between incligible paticnis in
botk age groups were similar. Efection fraction measurement was the best predictor of late mortality in those
patients who did net have an exercise rest. It is concluded that incligibiliny for predischarge exercise tost
identifies a high=risk group, especially in patients older than 64 ycars of age.
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Limitauons of a QRS scoring system to assess left

ventricular function and prognosis at hospital discharge
after myocardial infarction '

PFIQORETTI.* RW BROWER.+ E LAZZFRONI + M L SIMOONS = W WIINS >
JH CREIBER,*R ] BOS.* P G HUGENHOLTZ*

From the *Theraxcenucr in cooperation with the Depertment of Nuclear Medicine, Evesmus University and Urniversity
Hosprtal Dijksigr, end the tInteruntoersizy Cardiology Mnstituse, Rotterdam, The Netherlands; and the $Division of
Cardiology, Ospedale Regionale, Parma, Ttaly

sussary The value of a QRS scoring system derived from 12 lead electrocardiograms to estimate
left ventricular ejection fraction was assessed in a prospective study of 285 hospital survivors of
myocardial infarction. In these patents both the QRS score and ejection fraction were measured by
radionuclide venwiculography at discharge. The correlation between ejection fracton and QRS
score was weak, In 22 patients who died during six to 12 months foliow up the ability of the ejection
fraction and QRS score to predict mortality was assessed.in terms of sensitvity, specificity, predic-
dve value of a positive and negative test, and efficiency. For ejection fraction <<40% and a QRS score
=6 sensitiviny was respectively 73% and 64%, specificiny 73% and 56%, predictive value of a positive
test 18% and 11%, predictive value of a negative test 97% and 95%, and efficiency 73% and-56%.

Borh ejection {raction and QRS score may be used to identify patients at low and hirh risk during
one year Tollow up, but, copmary 1o initia) expectations, the QRS score appears to be of litde value in
estimatng ejection fraction and is less accurate than ejection fraction in predicting late survival in
hospital survivors of myocardial infarcrion.

Evropcan Hears Journal (1984) & (Supplemenr E). 101-104

Predischarge stress test after myocardia;l infarction in
the old age: Results and prognostic value

P. FioreTTn. J. W. DECKERS. R. W. BrowER, M. L. S1oons, 1. A J. M, BEELEN AND
P. G. HUGENHOLTZ

Thoraxcenter. Erasmus University and University Hospital Dijkzigt, Rotterdum and the Interuniversier,
Cardiology Institwte, The Netherlunds

KEY WORDS: Stress test. myecardial infarction, old age.

The aint of this studh: was 10 evaluate the results of predischarge sreess testing in the elderty, and 1o assess the
progno:iri} valuc of “the test during one-year follow-up. The databuse mn.w‘s{c:d a:f 48 pfm'enr.v olfder ifmn 64
vears of age and 109 patients 5564 years of age, who survived acute myocardial mfarc.'mn: oui of 532 conse-
cutive paticats admitied for myocardial infarction. Stress-test resulrs were noi a_’y_‘,&'rcrrr in the twe groups.
During one-vear follovw-up mortality was 6% in the younger paticnix and 4% in rfw‘o.’dur group, and the
incidence of nen-fatal reinfarctions was §% in both groups. M ortalily was be.‘w predicted by the extent of
blood pressurc rive (434 26 mmMg in survivors vs 19115 mmHyg in ROR-SUrviYers. P<0-007 ): Srrc;‘:.\‘-u-s{
results were no mare predicrive when nensfatal reinfarction was added to martaliiy as an end-poini. We con-
clude that for patients in whom the stress 1est is not contraindicated, (1) age doc.s“ no! affect Siross test
resulis, (2 the extent of blood pressure vise during a stress fest is the best single predictor of moritality, (3)
stress tests are not predictive of reinfaretions.






	PREDISCHARGE ASSESSMENT OF PROGNOSIS AFTER MYOCARDIAL INFARCTION = BEPALING VAN DE PROGNOSE NA MYOCARD INFARCT BIJ ONTSLAG UIT HET ZIEKENHUIS
	ACKNOWLEDGEMENTS
	TABLE 0F C0NTENTS
	CHAPTER 1 - INTRODUCTION
	CHAPTER 2 - Prediction of mortality during the first year after acute myocardial infarction from clinical variables and stress test at hospital discharge.

Fioretti P, Brower RW, Simoons ML, Bos RJ, Baardman T, Beelen A, Hugenholtz PG.

Am J Cardiol. 1985 May 1;55(11):1313-8.

PMID: 3993562 [PubMed - indexed for MEDLINE] 
	CHAPTER 3 - Relative value of clinical variables, bicycle ergometry, rest radionuclide ventriculography and 24 hour ambulatory electrocardiographic monitoring at discharge to predict 1 year survival after myocardial infarction.

Fioretti P, Brower RW, Simoons ML, ten Katen H, Beelen A, Baardman T, Lubsen J, Hugenholtz PG.

J Am Coll Cardiol. 1986 Jul;8(1):40-9.

PMID: 3711530 [PubMed - indexed for MEDLINE] 
	CHAPTER 4 - Prognostic value of predischarge 12 lead electrocardiogram after myocardial infarction compared with other routine clinical variables.

Fioretti P, Tijssen JG, Azar AJ, Lazzeroni E, Brower RW, ten Katen HJ, Lubsen J, Hugenholtz PG.

Br Heart J. 1987 Apr;57(4):306-12.

PMID: 3580217 [PubMed - indexed for MEDLINE] Free PMC Article
	CHAPTER 5 - Prognosis of patients with different peak serum creatine kinase levels after first myocardial infarction.

Fioretti P, Sclavo M, Brower RW, Simoons ML, Hugenholtz PG.

Eur Heart J. 1985 Jun;6(6):473-8.

PMID: 4043099 [PubMed - indexed for MEDLINE] 
	CHAPTER 6 - PROGNOSE VAN HET ONGECOMPLICEERDE EERSTE HARTINFARCT BIJ PATIENTEN JONGER DAN 60 JAAR: REDEN TOT HARTCATHETERISATIE? [Prognosis of the uncomplicated first heart infarct in patients less than 60 years of age: a reason for heart catheterization?].

Deckers JW, Fioretti P, Brower RW, Beelen JA, Baardman T, Simoons ML.

Ned Tijdschr Geneeskd. 1986 Feb 1;130(5):206-9. Dutch. No abstract available. 

PMID: 3951616 [PubMed - indexed for MEDLINE] 
	CHAPTER 7 - Surgical versus non-surgical management of patients soon after acute myocardial infarction.

Brower RW, Fioretti P, Simoons M, Haalebos M, Rulf EN, Hugenholtz PG.

Br Heart J. 1985 Nov;54(5):460-5.

PMID: 3876842 [PubMed - indexed for MEDLINE] Free PMC Article
	CIIAPTER 8 - GENERAL DISCUSSION AND RECOMMENDATIONS
	CHAPTER 9 - Samenvatting / Summary
	APPENDIX A INVENTORY OF THE DATA BASE
	CURRICULUM VITAE
	LIST OF PUBLICATIONS
	APPENDIX B
	Prediction of mortality in hospital survivors ofmyocardial infarctionComparison of predischarge exercise testing andradionuclide ventriculography at rest
	Ineligibility for predischarge exercise testing aftermyocardial infarction in the elderly: Implications forprognosis
	Limitations of a QRS scoring system to assess leftventricular function and prognosis at hospital dischargeafter myocardial infarction
	Predischarge stress test after myocardial infarction inthe old age: Results and prognostic value


