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In a multicenter prospective study of 866 patients who
survived the coronary care unit phase of an acute myo
cardial infarction, variables re8ecting left ventricular
function were examined to assess their impact on 2 year
survival. Single variables that re8ected left ventricular
dysfunction before infarction and in the acute and re
covery phases were, respectively, history of prior myo
cardial infarction, rales in the coronary care unit di
chotomized at greater than bibasilar and predischarge
radionuclide ejection fraction dichotomized at less than
0.40. When combined in a stepwise fashion, patients
lacking these three risk characteristics had a 2 year 4.2%
mortality rate, whereas patients possessing all three
characteristics had a 45% mortality rate.

Rales in the coronary care unit and predischarge ejec
tion fraction act independently, and each contributes to
mortality. Fifty-two patients with advanced rales but an

In patients with acute myocardial infarction, left ventricular
dysfunction is a well established predictor of mortality. Es
timates of left ventricular function formed the basis of both
short- (1,2) and long-term prognostications (3), and more
recent studies (4-7) have confirmed these observations. In
our current prospective multicenter study (8), left ventricular
dysfunction again emerges as an important factor in the
generation of a postinfarction risk stratification.

Estimates can be made of left ventricular function before
the infarction and during the acute and recovery phases.

*A listing of the Multicenter Post-Infarction Research Group is pre
sented at the end of the text.
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ejection fraction of 0.40 or greater had a 21% mortality
rate. Similarly, 208 patients with few rales but an ejec
tion fraction of less than 0.40 had a 15% mortality rate.
These data suggest that the mortality risk imposed by
those factors that assess permanent left ventricular dam
age is independent of and additive to the mortality risk
contributed by dynamic, acute phase dysfunction. These
data fit the hypothesis that acute phase dysfunction is,
in part, due to transient ischemia that, on reversal, can
restore function toward normal.

The results suggest 1) that assessment of left ventric
ular function during the acute and recovery phases of
myocardial infarction is necessary to define prognostic
characteristics of an individual patient, and 2) that of
particular importance is the identification of patients
whose postinfarction course is consistent with reversible
ischemia.

Prior work (1-7) has established that the severity of left
ventricular dysfunction at each of these time periods can be
helpful in creating a prognostic assessment and in designing
a risk stratification formula. Wamowicz et al. (9) observed
a marked disparity between left ventricular function in the
acute and recovery phases of an acute myocardial infarction.
In their series of patients with myocardial infarction who
presented with pulmonary edema, nearly half had a radio
nuclide ejection fraction greater than 45% 10 days later.
Our study, which assessed changes in left ventricular func
tion after acute myocardial infarction in a large, prospective
multicenter study group, confirms and extends this
observation.

Our prospective study assessed left ventricular dysfunc
tion before the index infarction on the basis of historic
information, during the acute phase by clinical observations
and in the early recovery phase by determination of a radio
nuclide ejection fraction. Our objectives were: 1) to assess
the relation between left ventricular dysfunction variables
collected before and during the acute phase and during the
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recovery phase of an acute myocardial infarction; 2) to mea
sure the impact of these variables on subsequent mortality;
and 3) to assess the role of combining determinants of stable
left ventricular dysfunction with determinants of dynamic
acute phase dysfunction .

Methods
Patients. A detailed description of the multicenter post

infarct ion risk stratification study has been presented (8).
Briefly, nine hospitals in four cities enrolled 866 of 1,4 I7
eligible patients younger than 70 years of age who had had
an acute myocardial infarction. Seventy-eight percent of the
patients were men and 57% were younger than 60 years.
The diagnosis was based on meeting two of the following
three criteria: I) typical chest pain; 2) appropriate electro
cardiographic changes; and 3) elevation of cardiac serum
enzyme levels . Patients with life-threatening coexisting dis
ease and those believed to be incapable of appropriate fol
low-up were excluded. Patients had either clinic or phone
follow-up visits at 3, 6 and 12 months and thereafter at
yearly intervals until a common termination date of Decem
ber 31, 1981, at which time 36 patients were lost to follow
up. One hundred-one patients died during the 2 year follow
up period .

Data acquisition. Nurse investigators interviewed the
patients and reviewed their records during the hospitaliza
tion for the index infarction. The historical and clinical
variable s collected for each patient included demographic
data , prior cardiac history , coronary care unit course , elec
trocardiogram, radionuclide ejection fraction, 24 hour Hol
ter electrocardiogram, a low level predischarge treadmill
exercise test and follow-up data on rehospitalization and
mortality through December 31, 1981. Missing values on
routine clinical data were approximately 0.5% or less. Only
6% of the patients did not have a radionuclide ejection
fraction , most often because of logistic problems. Com
pleted data forms were entered into a specifically designed
archival data management system on an IBM 3032 com
puter. Ten percent of the data in the file was checked against
the original data forms and a negligible number of discrep
ancies was found.

Risk variables: three variables of left ventricular dys
function. In our data base , many variables reflect left ven
tricular function. We selected one variable from the patient 's
history before the myocardial infarction, one from the acute
phase and one from the recovery phase , and concentrated
our analysis on interactions among these three variables.
We selected a history of prior myocardial infarction as the
historical variable because it relates directly to left ventric
ular function and because a response to the inquiry was
recorded for all but four patients. Rales in the coronary care
unit and predischarge radionuclide ejection fraction were
selected as the acute and recovery phase variables. In our

earlier analysis (8), these variables at appropriate dichotom
izations were powerful independent predictors of mortalit y.
For most analyses , a single dichotomization was utilized.
For radionuclide ejection fraction , a dichotomization at 0.40
was selected in our a priori hypothesis (8) and in this study.
In addition, prior studies (6) have used this value . Rales
were dichotomized at a level greater than bibasilar because
of the dramatic break in the curve at this point and to avoid
potential confusion with coexisting chronic obstructive lung
disease . A history of chronic lung disease did not ident ify
an increased risk of mortal ity (10 of 64 patients) and all
analyses reported here remain valid when patients with clin
ical and radiographic evidence of chronic obstructive lung
disease were eliminated from the data .

Rales versus chest roentgenogram. Because rales may
be transient and are not subject to review, we compared the
coronary care unit chest roentgenogram with coronary care
unit rales to see if the correlati on supported the assumption
that rales would reflect pulmonary congestion secondary to
left ventricular dysfunction . Since assessment of rales in the
coronary care unit and the coronary care unit chest roent
genogram were obtained nearly simultaneously in the course
of the index acute myocardial infarction, the detailed anal
ysis will be restricted to a consideration of the coronary
care unit rales. The relation of the rales to the chest roent
genogram will be discusssed later.

Assessment of data. Prior inf arction. Occurrence of a
prior myocardial infarction was extracted from the patient' s
record by the nurse investigator and documented by an avail
able record of a prev ious hospitalization or the patient's
report that his or her physician had stated that the electro
cardiogram confirmed an earlier infarction. Silent infarc
tions, particularly in patients without available prior elec
trocardiograms, were most likely undetected as were historical
inaccuracies where old records were not available.

Chest rales. The most advanced degree of rales de
scribed by two physician observers in the coronary care unit
was assessed and graded as none , bibasilar , diffuse (or >
one-third of the way up the posterior lung field) and pul
monary edema. Atelectatic rales that cleared after a cough
were excluded. In the analyses, advanced rales will denote
diffuse rales or pulmonary edema (Table I , gradations III
and IV) and absence of advanced rales will refer to either
clear lungs or rales limited to bibasilar portions of the pos
terior lung field (Table I, gradations I and II).

Ejectionfra ction. The radionuclide ejection fraction was
obtained 6 to 25 days after the index infarction . The tech
nique varied among the participating medical centers, with
both first pass and gated blood pool techniques being used .
Quality control studies established that in each medical cen
ter the radionuclide ejection fractions correlated clearly with
angiographic ejection fractions performed in that institution,
and that variation among the institutions in interpretation of
standard angiographic ejection fractions was very small.
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Gradation
Ejection
Fraction Rales

Prior
Myocardial Infarction

Coronary Care Unit
Chest Roentgenogram

II

III

IV

( ) (absent) (no congestion)( 2: 0.50) none
336 451 658 604

7 .1% 604% 9.9% 6.6%
(0040 to 0049) (bibasilar) (present) (venous congestion)

204 292* 204* 161*
5.9% 11.3% 16.7% 18.6%

. I fi ld) (interstitial edema)(0.30 to 0.39) (1/3 10 2/3 postenor ung e
147 60* 38

10.9% 26.7% 21.1%
«0.30) (> 2/3 posterior lung field) (pulmonary edema)

124* 63 40*
31.5% 36.5% 52.5%

81I 866 862 843Total no. 2)
Data missing (patient dead) 55 (10) 0 4 (2) 23 (

*Mortality is significantly different at the p < 0.05 level from the value at the next I.owest gradation. Gradation~ (top line of .each cell) were selected
on the basis of prior use (see text). In each cell. the second figure is the number of patients and the bottom figure IS the mortality rate.

Chest roentgenograms in the coronary care unit were
often obtained with portable units and the techniques were
standard to each institution . The findings were graded as
normal or as showing venous congestion , interstitial edema
or pulmonary edema.

Therapy, follow-up and mortality data. Therapy was
not controlled and management was left to the discretion of
the patient ' s personal physician . At the time of hospit~1

discharge, 33% of the patients were taking beta-adrenergic
blocking agents, 21% were taking antiarrhythmic agents and
31% were taking cardiac glycosides. Two hundred seventy
eight patients were readmitted to the intensive care unit or
rehospitalized during the first year. Ischemic events, in
cluding definite myocardial infarction, suspect infarction
or unstable angina pectoris, were the most frequently cited
causes and accounted for 54% of rehospitalizations. Sixty
patients underwent coronary artery bypass graft surgery. Of
the 101 deaths , 83 were considered cardiac deaths, and of
these , 31 were considered sudden, defined as death less than
1 hour from the onset of acute cardiac symptoms or occur
ring unexpectedly during sleep.

Results
Relation to total mortality of the three selected vari

ables and coronary care unit chest roentgenogram (Ta
ble 1). The continuous variables are presented in four gra
dations . The gradations were generally selected on the basis
of traditional clinical use. Each of the three continuous
variables had a significant mortality gradient from most
benign to most severe. A history of prior myocardial in
farction was also a significant predictor of increased mor
tality. The statistical significance and clinical effectiveness
of stratification at each point selected for a gradation differs
from one variable to another.

Relations Among the Three Variables That Reflect
Left Ventricular Function

Relation between coronary care unit rales and sub
sequently measured ejection fraction (Table 2). Of the
11 5 patients with advanced rales, only 43 (37%) had a
subsequent radionuclide ejection fraction of less than 0.30,
whereas 34 patients (30%) had a normal ejection fraction
(> 0.50). Marked pulmonary congestion in the coronary
care unit phase of an acute myocardial infarction did not
predict a low radionuclide ejection fraction during the re
covery phase. These observations are similar to those re
ported by Wamowicz et al. (9) . Among patients with re
covery phase radionuclide ejection fraction values greater
than 0.30, a total of 90% (615 of 687) had few, if any,
rales. Only in those patients whose subsequent radionuclide
ejection fraction was less than 0.30 did even one-third (43
of 124) present with advanced rales. Although the clinical
relation between advanced coronary care unit rales and sub
sequent depressed ejection fraction is not strong, the mor
tality data show the additive effect of both depressed ejection
fraction and advanced rales (Table 3, panel I ). Patients with
an ejection fraction of 0.40 or greater and minimal or absent

Table 2. Relation Between Predischarge Radionuclide Ejection
Fraction and Coronary Care Unit Rales

Bibasilar or
Ejection Absent
Fraction Rales Advanced Rales Total

2: 50 302 (90%) 34 (10%) 336
40 to 49 186 (91%) 18 (9%) 204
30 to 39 127 (86%) 20 (14%) 147
< 30 81 (65%) 43 (35%) 124

Total 696 (86%) 115 (14%) 811
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rales had a 5% (25 of 488) mortality rate, whereas 38% (24
of 63) of the patient s with advanced rales and depressed
ejection fraction died. This sevenfold gradient demonstrates
that patients with advanced rales in the coronary care unit
and reduced radionuclide ejection fraction before hospital
discharge constitute a subset comprising 8% of the postin
farction group that is at extremely high risk of early death .
This subset contributes 24% of all deaths observed in the
total study group. Statistical analysis using the Mantel
Haenszel odds ratio (10) shows that rales and radionuclide
ejection fraction are each independent contributors to mor
tality. each significant at the probability less than 0.001
level.

History of myocardial infarction and coronary care
unit rales. Although a history of prior myocardial infarc
tion lacks quantification , it may reflect a prior, fixed tissue
loss and does contribute to the profile of a patient in a
coronary care unit with another acute myocardial infarction.
Approximately one-quarter of our patients (204 of 862 or
24%) had such a history which nearly doubles the mortality
rate in the postinfarction period (p < 0.05) (Table I) . The
relation of prior myocardial infarction , rales and mortality
is shown in Table 3, panel 2. A history of prior myocardial
infarction does not predict advanced rales in the coronary
care unit. Only 16% (33 of 204) of patients with a prior
myocardial infarction had advanced rales in the coronary
care unit compared with 13% (88 of 658) of patients without
a prior infarction . These differences are not significant. Sim
ilarly, appro ximately one-quarter of patients with and with
out advanced rales gave a history of prior infarction. How
ever , when mortality data are added to the clinical relation,
patients without either prior myocardial infarction or ad
vanced rales had a 7% (4 1 of 570) mortality rate , whereas
patient s with both a prior infarction and advanced rales had
a 39% (13 of 33) mortality rate . Although a very high risk
group is identified, the number of individuals in this subset
is smaller than the similarly high risk group identified by
advanced rales and reduced radionuclide ejection fraction.
Although the bulk of the increased mortality is contributed
by advanced rales, the Mantel-Haenszel odds ratio shows
that the contribution to mortality of a history of prior in
farction is also significant (p < 0.025) .

Ejection fraction and prior myocardial infarction re
lated to mortality (Table 3, panel 3). Absence of prior
myocardial infarction correlates well with an ejection frac
tion of 0.40 or greater with 72% (444 of 618) of patients
in this category . A prior myocardial infarction, however,
does not predict a radionuclide ejection fraction of less than
0.40. Only 50% (95 of 189) of patients are in that category .
This pattern is similar to that seen with rales and ejection
fraction where the markers of normal left ventricular func
tion correl ated well with each other, while the markers of
left ventricular dysfunct ion did not. The data show that most
of the contribution to mortality is given by ejection fraction .
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Table 4. Mortality Rates for Patients Cross-Classified by Three Left Ventricular
Dysfunction Variables

Ejection
Rales Fraction Prior

Not Advanced/ '" 0.40/
MI

No. Mortality
Advanced < 0.40 No/Yes Dead Rate (%)

488
402 17 4.2

85 8 9.4
743

207
133 21 15.8
73 10 13.7

52
42 8 19.0
10 3 30.0

123

63
41 13 31.7
20 9 45.0

Radionuclide ejection fraction dichotomized at 0.40 and history of prior myocardial infarction are added
stepwise to rales that are dichotomized at greater than bibasilar. The eight subgroups display a nearly linear
increase in mortality rate from 4.2% when all variables are favorable to 45% when all are unfavorable. See
text for discussion. The number of patients in each clinical subgroup differs because of missing data, which
are given in Table I. MI = myocardial infarction.

The Mantel-Haenszel odds ratio for the contribution of prior
myocardial infarction is not significant. The marginal influ
ence of prior infarction is not surprising since a history of
prior myocardial infarction did not improve the prediction
of mortality in the original survivorship model (8), whereas
rales and ejection fraction did.

Three left ventricular function variables combined in
a stepwise fashion (Table 4). The 2 year mortality rate of
patients without advanced rales, an ejection fraction of 0.40
or more and no prior myocardial infarction is 4.2%. For
patients with advanced rales, an ejection fraction of less
than 0.40 and a prior myocardial infarction, the mortality
rate is 45%. The 4.2% mortality rate for the large group of
patients with none of the three markers of left ventricular
dysfunction is lower than the mortality rate for any model
utilizing only two of the markers. Although the 45% mor
tality rate in the group possessing all three variables is higher
than that for any model utilizing only two, the number of
patients in this group is very small. A stepwise logistic
regression shows that the addition of history of prior myo
cardial infarction to the model already containing rales and

radionuclide ejection fraction contributes this added
refinement.

Relation between rales and chest roentgenogram in
the coronary care unit (Table 5). We have assumed a
parallel progression through three grades of abnormality for
each variable. There are few available data on which to
make this assumption, but, likewise, few to dissuade us
from it. However, equating venous congestion with bibasilar
rales, interstitial congestion with rales more than one-third
of the way up the posterior lung fields and pulmonary edema
on chest roentgenogram with rales more than two-thirds up
the posterior lung fields has produced a striking relation. A
substantial majority of patients (527 of 843 or 63%) had
parallel degrees of pulmonary congestion, or lack of it, and
only 5% (42 of 843) differed by more than one gradation.

Discussion
No risk stratification scheme for patients with a myo

cardial infarction can exclude variables reflecting left ven
tricular function. Earlier studies have shown left ventricular

Table 5. Relation Between Coronary Care Unit Rales and Chest Roentgenogram

Coronary Care Unit Rales

Pulmonary
Chest Roentgenogram None Bibasilar Diffuse Edema Total

Normal 399 181 17 7 604
Venous congestion 38 86 25 12 161
Interstitial edema I 12 12 13 38
Pulmonary edema 0 5 5 30 40
Total 438 284 59 62 843
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dysfunction variables to be predictive of subsequent mor
tality when the variable reflects either preinfarction (3,4),
peri-infarction (1,3-5) or postinfarction (6,9) status. Our
study confirms that evaluation during each of these time
periods is predictive in a multicenter population evaluated
prospectively. Earlier prospective long-term studies (1-5)
of patients after infarction are not directly comparable with
our study because they did not include a recovery phase
assessment of left ventricular function. This refinement per
mits us to define subgroups with different risks and poten
tially different management needs.

Left ventricular dysfunction at the onset of a myocardial
infarction can be assessed clinically, as in our study, by the
measurement of rales (2) or congestion on the chest roent
genogram. Hemodynamic monitoring can assess left ven
tricular dysfunction acutely (11-14); radionuclide ejection
fraction (15-18) and abnormalities of wall motion (15,16,18)
can also be used.

Studies with serial assessments of left ventricular
function. There are several studies in which serial hemo
dynamic or radionuclide angiographic studies have been
performed during the acute and recovery phases and in a
few, mortality data are available. Although acute phase
hemodynamic data, primarily left ventricular end-diastolic
pressure, are related to subsequent mortality (11-14), sev
eral of these studies (11-13) have shown that the clinical
status and survival are better predicted by improvement or
deterioration in hemodynamic status than by values at a
single point in time. Likewise, ejection fraction during the
acute phase of infarction can predict survival (15,16,18,19).
In these studies, pulmonary congestion at the onset of in
farction paralleled degree of dysfunction measured by hemo
dynamic or radionuclide studies. Overall, these studies sup
port the stratification scheme introduced by Killip and Kimball
(2), which related mortality to clinically assessed pulmonary
vascular congestion.

Recent observations (9) of recovery phase radionuclide
ejection fraction in patients with infarction presenting with
pulmonary edema revealed a marked disparity between acute
phase observations and recovery phase performance. Sim
ilarly, our study shows a striking discrepancy between the
recovery phase ejection fraction and coronary care unit rales.
Although the absence of advanced rales is a very good
predictor of the higher ejection fraction at any stratification
(Table 2), the presence of advanced rales in the coronary
care unit is nearly equally often associated with low «
0.40) and high (~ 0.40) recovery phase radionuclide ejec
tion fraction. These data differ from some work (16,17)
suggesting that mortality and complications were predicted
by early postinfarction ejection fraction, which, in turn,
paralleled clinical presentation. In addition, these earlier
studies do not account for those patients who exhibit few,
if any, rales but who have a depressed ejection fraction
during recovery. Of 696 patients without advanced rales,

208 (30%) had a radionuclide ejection fraction of less than
0.40 during recovery; in this subset the mortality rate was
15%, a value three times higher than that of patients without
advanced rales but with a radionuclide ejection fraction of
OAO or greater. The failure to demonstrate clinically sig
nificant pulmonary congestion at the onset of infarction does
not, by itself, fully identify a low risk group, and recovery
phase evaluation of left ventricular function is required for
optimal clarification and prognostication.

Potential role of reversible ischemia. Left ventricular
dysfunction can result from either transient or permanent
myocardial damage. Even very brief periods of reversible
ischemia induced by pacing (20,21) in patients with angina
can lead to transient derangement of left ventricular me
chanical function. The persistence of left ventricular dys
function after transient ischemic appears to be directly pro
portional to the duration of ischemia (22-25). Such
observations suggest that evaluation of postinfarction angina
and left ventricular dysfunction includes consideration of
the degree and duration of ischemia as well as the recovery
period required for restitution of function (25).

Left ventricular dysfunction at the onset of myocardial
infarction is the sum of contributions from prior myocardial
infarction, current irreversible damage and current revers
ible dysfunction. Each of these three factors participates in
creating the clinical presentation. Over time, the reversible
component can be relieved and left ventricular dysfunction
may be less severe (20-25). Such a course would then create
a group of patients with evidence of advanced left ventricular
dysfunction at the onset of infarction, but improved function
on predischarge assessment. We, and others (9), have found
a sizable subgroup with this clinical pattern. The risk of
death after myocardial infarction for those patients with
significant left ventricular dysfunction at the onset of in
farction and improved function before discharge is four times
higher than that for the group with preserved function both
on admission and at discharge (Table 3, panel 1). We at
tribute the improvement in left ventricular function after
myocardial infarction in this SUbgroup to the relief of
ischemia followed by a time-dependent return to baseline
function for that ischemic myocardium. Alternatively, the
changes in left ventricular function after myocardial infarc
tion may be due to other mechanisms. Changes in ventricular
size, muscle stiffness or myocardial edema, for example,
may all playa role (20,24). This sequence is clearly com
plex, and our study does not permit us to identify the mech
anisms involved in either the establishment or alleviation
of this transient ischemia.

Schuster and Bulkley (26) showed in patients with mean
ejection fraction of 0.52 that postinfarction ischemia man
ifested by angina was associated with a very high mortality
rate that appeared to be related to the mass of potentially
ischemic myocardium and not the myocardium actually in
farcted. Similarly, our study identifies a group of patients
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with normal or near normal recovery phase ejection fraction
who are at high risk, assuming that reversible myocardial
ischemia may cause transient pulmonary venous congestion
and advanced rales in the coronary care unit. We would
have to postulate additionally that the increased subsequent
mortality would be a result of recurrent ischemia, whether
or not the patient had angina pectoris.

The data in Table 3 show that advanced rales contribute
significantly to the mortality rate attributable to either prior
myocardial infarction or recovery phase radionuclide ejec
tion fraction. However, prior infarction does not contribute
to the mortality attributable to recovery phase ejection frac
tion. These observations also fit the hypothesized dual origin
for the generation of coronary care unit rales. Predischarge
ejection fraction and prior infarction both reflect fixed, per
manent tissue loss, and their impact on mortality is not
additive. The postinfarction assessment incorporates the prior
infarction and, as expected, is a more effective predictor.
Since coronary care unit rales are due to the combined
impact of transient, reversible myocardial injury and per
manent myocardial damage, the impact on mortality of ad
vanced rales is additive to either assessment of fixed tissue
loss.

Agreement between rales and chest roentgenogram.
Rales are transient, lacking the capacity for objective as
sessment or measurement. They can be produced or mim
icked by conditions other than increased pulmonary venous
pressure secondary to left ventricular dysfunction, thus of
fering the potential for a contaminated analysis. In a mul
ticenter study, interobserver variability in the assessment of
rales may exist; therefore, we were surprised by the frequent
agreement between the observation of rales and chest roent
genographic findings. Although 63% of patients had com
parable findings on the chest roentgenogram and physican
examination, most of this agreement is contributed to by
the 50% of patients with normal findings on both studies.
Most of the variation is due to the fact that bibasilar rales
were most often associated with a normal chest roentgen
ogram (Table 5). However, variation of more than one grade
from the identity line occurred in less than 5% of patients.
Nonetheless, our results suggest that the chest roentgeno
gram can act as a control for clinical evaluations in sub
sequent trials and that it reflects the state of the pulmonary
vasculature at the onset of infarction. This comparability is
valid only for assessment of peak congestion since the vas
cular pattern on chest roentgenogram has been shown to lag
behind the decrease of the wedge pressure and the auscul
tatory findings in the immediate recovery phase of an acute
myocardial infarction (27,28).

Clinical implications. This study suggests that the high
risk subgroup of patients whose postinfarction course is
consistent with reversible ischemia should be identified.
Because the risk of death is four times as high in patients
with such reversible ischemia, more aggressive evaluation

and therapy may be indicated. Therapy, either medical or
surgical, may reduce subsequent mortality.
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