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The left ventricular ejection fraction is useful in characterizing cardiac
performance and evaluating prognosis in patients with known or sus-
pected cardiac disease. The purpose of this study was to determine if
simple, quantitative clinical information generated as part of a routine
patient evaluation could be used to predict ejection fraction determined
by radionuclide ventriculography. Multiple regression analysis was
used to study a group of 64 patients selected to represent the full range
of ejection fraction values. All patients had undergone cardiac cathe-
terization and standard chest radiography in addition to resting and
exercise radionuclide ventriculography. Using easily determined clini-
cal variables, a regression formula was developed that predicted the
radionuclide ventriculographic ejection fraction (r = 0.73). Plain film
heart volume, heart rate, pulse pressure, and thoracic width were
highly significant terrns in the optimal regression equation. For valida-
tion, the formula was applied to a second, independent verification data
set composed of 41 cases and revealed similar correlation (r = 0.78).
A radionuclide ventriculographic ejection fraction below 40 was identi-
fied in the verification data set with a sensitivity of 87 percent and
specificity of 83 percent. Use of this method, requiring only direct heart
rate, blood pressure, and chest radiographic measurements and simple
calculations, may assist physicians in patient management and facili-
tate the optimal use of more invasive and expensive studies.

The left ventricular ejection fraction is well established as an important
clinical index of the contractile state of the heart. It is of substantial
prognostic value in patients with acute myocardial infarction [1-4],
chronic coronary artery disease [5,6), valvular heart disease [5,7,8], and
cardiomyopathy [9]. However, determination of ejection fraction by angi-
ographic or radionuclide ventriculography or estimation using other tech-
niques is attended by varying degrees of inconvenience, invasiveness, or
expense. Information from the history, physical examination, electrocar-
diography, and chest radiography has been shown to correlate with
ejection fraction in selected patients [10-13]. However, no generally
useful method for estimating ejection fraction from routine clinical data
has been demonstrated. In this report, we present a generally applicable
method for predicting left ventricular ejection fraction derived from a
physiologically based model using routine, quantitative clinical data.

PATIENTS AND METHODS

Model Development. The fundamental equations relating cardiac output
(C0), stroke volume (SV), heart rate (HR), left ventricular ejection fraction
(EF), left ventricular end-diastolic volume (EDV), perfusion pressure (P), and
systemic vascular resistance (SVR) served as the foundation for the mode!:
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TABLE | Stratification of Exploratory Data Set
Ejection
Fraction
Number (mean £ SD) rValue*
Sex )
Male 41 44 + 24 0.62
Female 23 56 4+ 25 0.81
Coronary artery disease’
None 15 45 + 29 0.84
Low-grade 14 53 + 20 0.58
Significantly diseased vessels
One 14 49 + 21 0.61
Two 12 45 + 25 0.59
Three 3 54 1+ 26 0.68
Four 1 75 -—
Maximal exercise level
Rest 7 50 + 19 0.72
25 watts 11 54 £+ 30 0.90
50 watts 14 50 + 25 0.58
75 watts 20 45 + 25 0.85
100 watts ' 11 43425  0.47
125 watts 1 18 —

Valvular disease
Mitral regurgitation

None 51 50 + 24 0.69
Mild 10 34 127 0.92
Moderate 3 45 + 30 0.30
Severe 0 — —
Aortic regurgitation
None 58 48 + 45 0.73
Mild 1 89 e
Moderate 3 53 £ 27 —_—
Severe 2 48 + 42 —
Aortic stenosis
None 60 45+ 13 0.72
Mild 1 89 —
Moderate 1 80 —
Severe 2 80 %1 —
Global hypokinesis
None 34 68+ 13 0.33
Miid 10 38+ 16 0.70
Moderate 7 33+ 8 0.95
Severe 13 17+ 6 0.56

* Correlation between predicted and actual ejection fraction.

1 Significant coronary disease was defined as 75 percent stenosis
or more of a major coronary vessel or 50 percent stenosis or more
of the left main coronary artery. )

CO = SV X HR = EF X EDV X HR and CO = P/SVR. The

right sides of these relationships were equated, and the

resultant equation was solved for ejection fraction, yielding:
EF = P/(EDV X HR X SVR). Since the variables on the right
side of the equation, with the excéption of the heart rate,
cannot be precisely determined during the routine clinical
evaluation, the ejection fraction cannot be calculated di-
rectly. However, by generalizing the terms using easily
determined clinical correlates for each and weighting the
terms by assignment of undetermined exponents, the mod-
el assumes the form: EF = (constant) X (pressure)’ X
(volume)™ X (HR)™f X (resistance)™Z, or log EF = log
(constant) + p log (pressure) — v log (volume) — f log (HR)

— z log (resistance). In this form, the optimal correlates for
each term can be selected and the coefficients can be
determined using standard multiple linear regression analy-
sis.

Possible clinical correlates considered for each term

included systolic and diastolic blood pressures and calcu-
lated mean arterial pressure and pulse pressure for the
pressure term and cardiac measurements from posteroan-
terior and lateral chest radiography for the volume term
[13]. Cardiac length is measured from the junction of the
superior vena cava and right atrium to the cardiac apex. The
broad diameter, is measured from the junction of the right
atrium and the hemidiaphragm to the junction of the pulmo-
nary artery and left atrial appendage. The depth is mea-
sured as the greatest horizontal depth of the heart on the
lateral film. The width is the widest transverse width of the
heart on the posteroanterior film. The thoracic width repre-
sents the widest transverse measurement of the thorax
above the insertions of the diaphragms on the posteroanter-
jor film. The calculated indexes of heart volume, plain film
heart volume, and cardiothoracic ratio were also consid-
ered. The plain film heart volume is determined by muitiply-
ing 0.42 by the cardiac length by the cardiac broad diameter
by the cardiac depth, as previously described [13]. Age
was considered a possible correlate with systemic vascular
resistance. Body size was considered as a possible corre-
late with either left ventricular end-diastolic volume or sys-
temic vascular resistance, and thus the indicators height,
weight, calculated body surface area, and thoracic width
were considered [ 14].
Patients. (n order to develop a model for predicting ejec-
tion fraction with validity over the full range of ejection
fractions, a data set was required composed of patients
with ejection fraction distributed relatively evenly through-
out the range of interest. To allow subgroup analysis, struc-
turally and functionally well-characterized patients were
required. Therefore, all adult patients who had undergone
cardiac catheterization from May 1979 through December
1982 and had resting and exercise radionuclide ventriculog-
raphy during the same hospitalization and standard poster-
oanterior and lateral chest radiography within two weeks of
ventriculography were considered for inclusion in the study.
This population had a skewed normal distribution of ejec-
tion fractions, with a mode between 60 and 70 percent. To
create a data set more evenly distributed by ejection frac-
tion, the ejection fraction range from 0 to 100 was divided
into 10 strata of equal width. All patients from 1981 were
included as a core, and patients from other years were
randomly recruited into the less populated strata until an
even distribution was achieved or the patient pool was
exhausted. In order to fill out the less populated strata at the
extremes of the ejection fraction distribution, all resting and
exercise ventriculographic results from January 1979 to
December 1982 were reviewed, and additional patients
with ejection fractions in the strata of interest, chest radiog-
raphy within two weeks of radionuclide ventriculography,
and cardiac catheterization at any time at the University of
Michigan were included.

During the period, 2,727 patients underwent cardiac
catheterization, of which 216 underwent resting and exer-
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cise radionuclide ventriculography during the same hospi-
talization. Recruitment of 124 patients from this group
along with 29 patients in the extreme ejection fraction
strata with non-concomitant catheterization yielded 153
patients in the initial data set, with 68 who were found to
have standard posteroanterior and lateral chest radiography
within two weeks of radionuclide ventriculography. No pa-
tients were excluded on the basis of technical or anatomic
features of posteroanterior and lateral chest radiography.
Four patients lacked documentation of the resting diastolic
blood pressure at the time of ventriculography and were
excluded. This final data set of 64 patients was termed the
exploratory data set.

A second data set was created in a manner analogous to
the first from patients undergoing resting and exercise
radionuclide ventriculography from January through Sep-
tember 1983 who had posteroanterior and lateral chest
radiography within two weeks of ventriculography. Cardiac
catheterization was not required in this data set. Patients
included in the exploratory data set were ineligible for
inclusion in this second data set. Fifty patients with con-
comitant catheterization were included as a core of the data
set, and stratified recruitment was again used to recruit 74
additional patients. Of these 124 patients, 83 had radiology
folders available and 41 had standard posteroanterior and
lateral chest radiography within two weeks of radionuclide
ventriculography. This second, independent, 41-patient
data set was termed the verification data set.

Patient Evaluation. Radionuclide ventriculography at rest
and with graded exercise was performed with patients in
the supine position, and the ejection fraction was calculat-
ed from the background-corrected equilibrium time-activity
curve using standard techniques. The resting ejection frac-
tion, supine heart rate, and arm cuff blood pressure deter-
mined at the time of radionuclide ventriculography were
used in this study. Cardiac catheterization was performed
using standard procedures. Catheterization hemodynamic
data were documented in all patients. All chest radiograms
were standard upright six foot posteroanterior and lateral
films. Significant coronary disease was defined as 75 per-
cent or greater stenosis of a major coronary vessel or 50
percent or greater stenosis of the left main coronary artery.
Statistical Analysis. Statistical analysis was performed
employing the Michigan interactive Data Analysis System
(MIDAS) as currently implemented in the University of Mich-
igan Terminal System using an Amdahl 5860 computer
[15,16]. In the exploratory data set, stepwise multiple lin-
ear regression using variables and their logarithmic trans-
formations was employed to examine the model as just
described. To further evaluate the relative importance of
using the physiologically based model, the simpler but non-
physiologic linear regression model using untransformed
data was also examined and compared. Using the resultant
formula from the physiologicaily based regression model,
the correlation between the predicted and actual ejection
fraction was examined in substrata in the exploratory data
set. For independent validation, the formula was applied to
the verification data set, and the correlation between the
predicted and actual ejection fraction was examined. One
predicted ejection fraction in the verification data set great-
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TABLE it Univariant Correlations between Ejection

Fraction or Log Ejection Fraction and

Variables or Log Variables, Exploratory

Data Set

Correlation of Correlation of
Variable with Log Variable with
Variable Ejection Fraction* Log Ejection Fraction*
Cardiac length —0.56 —0.63
Cardiac broad diameter 0.55 —0.61
Cardiac depth —0.37 —0.39
Cardiac width —0.49 ~0.55
Thoracic width —0.17 —0.14
Cardiothoracic ratio —0.42 —0.50
Plain film heart volume —0.59 —0.63
Systolic blood pressure 0.26 0.30
Diastolic blood pressure -0.03 -0.09
Pulse pressure 0.35 0.49
Mean arterial pressure 0.20 0.06
Heart rate —0.60 —0.61
Height —0.26 —0.28
Weight 0.04 0.05
Body surface area 0.03 0.05
Age 0.33 0.44
* r value.

er than 100 was rounded to 100. Test parameters were then
calculated from the verification data set using standard
definitions, with a positive result defined as a predicted
ejection fraction below 40 [17]. A nomogram for graphic
calculation of predicted ejection fraction was then devel-
oped on the basis of the derived formula and standard
alignment chart techniques [18].

RESULTS

Characteristics of The Study Population.  Stated indica-
tions for catheterization included chest pain (25 patients),
coronary artery disease (seven), congestive heart failure
(six), cardiomyopathy (five), recent myocardial infarction
(four), syncope, arrhythmia, recent percutaneous transiu-
minal angioplasty, and recent intracoronary streptokinase
therapy (two each), endocarditis, possible mitral stenosis,
mitral regurgitation, aortic stenosis, aortic insufficiency,
pulmonary stenosis, pulmonary hypertension, myocardial
biopsy, and heart transplantation evaluation (one each).
Other characteristics of the study population in the explor-
atory data set are shown in Table 1.

Regression Analysis. The univariate correlation be-
tween ejection fraction or log ejection fraction and each of
the variables studied is shown in Table Il. Results of the
multivariate analysis are shown in Table Hl. Stepwise
multiple linear regression with the logarithmic trans-
formed variables yielded an equation for log ejection
fraction -as a furiction of log plain film heart volume, log
heart rate, log pulse pressure, and log thoracic width, with
a muitiple correlation coefficient of 0.83, indicating that
more than two thirds of the variability in log ejection
fraction was explained by the equation (R2 = 0.68). The
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TABLE I Results of Stepwise Multiple Linear
Regression Using Log-Transformed
Variables, Exploratory Data Set*
Variable Partial r Value Coefficient Standard Error p Vaiue
Constant 11.513 2.407 0.0001
Log plain film —0.62126 —1.2052 0.19790  0.0001
heart volume

Log heart rate ~—0.54875 —1.4491 0.28741  0.0001

Log pulse 0.35582 0.45141 0.15436 0.0049
pressure

Log thoracic 0.32201 1.4621 0.55963 0.0114
width ‘

* Resultant equation after exponentiation: PEF = 105 X

pFHv—1.2052 X HR—-1.4491 X Pp0.45141 X T1‘4621: r o= 0.83, R2 e
0.68.
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Figure 1. Predicted ejection fraction by optimal nonlinear

regression formula as compared with actual ejection frac-
tion determined by radionuclide ventriculography in the
exploratory data set.

logarithms of plain film heart volume (PFHV), heart rate
(HR), pulse pressure (PP), and thoracic width (T) were
highly significant multivariate predictors of log ejection
fraction, whereas all other variables were not. The coeffi-
cients, their standard deviations, and tests of significance
of each term are as shown. To obtain an equation for use
with nontransformed variables, both sides were exponen-
tiated to vield the final equation for predicted ejection
fraction (PEF): PEF = 105 X PFHY 12052 )X HR—1.4491 ¢
ppO-45141 X T1.4621  After the reverse transformation,
good correlation between predicted and actual ejection
fraction was preserved (r = 0.73). A plot of predicted and
actual ejection fraction is shown in Figure 1.

Comparison of Models. The nature of the terms in the
final regression model was predicted by the physiologic
model, as was the sign of the exponent for plain film heart
volume, heart rate, and pulse pressure. Examination of
the relationship between predicted and actual ejection
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Figure 2. Predicted and actual ejection fraction in the
verification data set. For each patient in the verification
data set, the ejection fraction was predicted using the
formula derived in the exploratory data set and plotted
against the actual value determined by radionuclide ventric-
ulography. One patient had an ejection fraction of more
than 100, which was rounded to 100, the theoretic limit of
efection fraction.

TABLE IV Summary of Test Parameters, Verification
Data Set
Sensitivity 87%
Specificity 83%

Predictive values by
pre-test likelihood of
a positive result Likelihood
(ejection fraction below 40) 10% 50% 90%  Ratios
Positive 0.36 0.76 0.98 5.1
Negative 0.98 0.86 0.58 0.16

fraction revealed increasing variability with increasing
ejection fraction, as has been demonstrated previously
with ejection fraction determined by ventriculography
[19-22]. When stepwise multiple regression was per-
formed using the simpler but nonphysiologic linear model,
the variables plain film heart volume and heart rate were
again selected (p <0.0001 for each), whereas all other
variables including pulse pressure and thoracic width
were excluded (p <0.05). The correlation was similar to
that of the physiologically based model (r = 0.72); how-
ever, the relationship between the actual ejection fraction
and that predicted by the nonphysiologic model was dis-
tinctly nonlinear, as most clearly revealed by examination
of the residuals. This suggested that the simpler underly-
ing mathematical model was less appropriate and thus
favored the additional complexity of the nonfinear physio-
logically based model.

Correlation within Substrata. The correlation within

432 September 1986 The American Journal of Medicine Volume 81



PREDICTION OF EJECTION FRACTION—CEASE and NICKLAS

PFHV
450 T

50 0 —

600

700

800

900

W S I I S A A i

(o]

o]

[0}
i

1100

| 200
1300 ]

1400+
1500

4
1 600
17003
IBOO-:

1900
20003

PEF HR T PP
40 ~ 38 100
b s
- 36 |
g - 80
L 35
50 5 3 70
- 34}
a 33 |
100 a - 60
E 80 80 32 F
- 60 3, [ 50
- o
L 50 i :
E -
E- 40 o - 30 |
- - [
LL 30 E' 29 ;—40
: 80 F [
L 20 - 28 [
: N
[ 90 [ o7 - 10
- [
[ 10 : F
s 100 - 26 |
- o - 25
F S [ t
- 120 L- 24 20

Figure 3. Nomogram for estimation of efection fraction. The values for plain film heart volume (PFHV) and heart rate (HR) are
aligned with a straight edge. Pivoting at the intersection with line 1, the straight edge is aligned with the value for the thoracic
width (T). Pivoting at the intersection with line 2, the straight edge is aligned with the value for pulse pressure (PP). The inter-
section with the PEF scale reveals the value for predicted ejection fraction.

substrata of the exploratory data set is shown in Table |.
Predicted and actual ejection fraction was best correlated
in patients with no coronary disease (r = 0.84). in patients
with low-grade, one-, two-, or three-vessel disease, pre-
dicted and actual ejection fraction correlated with coeffi-
cients between 0.58 and 0.68. The strength of the corre-
lation appeared unrelated to maximal exercise level. Mild
mitral regurgitation did not appear to adversely affect the
correlation (r = 0.92), but poorer correlation was sug-
gested in the three patients with moderate mitral regurgi-
tation (r = 0.30).

independent Validation. The formula empirically de-
rived in the exploratory data set was subsequently applied
to the 41-patient verification data set for independent
validation. A plot of predicted and actual ejection fraction
is shown in Figure 2. The correlation was found to be
higher than in the exploratory data set (r = 0.78). Increas-
ing variability with increasing ejection fraction was again
noted.

Test Parameters. Test parameters calculated for ejec-
tion fractions below 40 are shown in Table IV. The
sensitivity was 87 percent, and specificity was 83 per-

cent. Predictive values of positive and negative results for
10, 50, and 90 percent pretest probabilities of an ejection
fraction below 40 are given as are the likelihood ratios of
positive or negative results.

Nomogram. A nomogram for the graphic calculation of
predicted ejection fraction is shown in Figure 3. Scales
appear for each independent variable (plain film heart
volume, heart rate, pulse pressure, and thoracic width)
and the dependent variable (predicted ejection fraction),
along with two pivot lines (1 and 2). The values for plain
film heart volume and heart rate are aligned with a straight
edge. Pivoting at the intersection with line 1, the straight
edge is aligned with the value for thoracic width. Pivoting
at the intersection with line 2, the straight edge is aligned
with the value for pulse pressure. The intersection with
the predicted ejection fraction scale reveals the value for
predicted ejection fraction.

COMMENTS

The left ventricular ejection fraction has been established
as a valuable prognostic indicator in every major form of
cardiac disease including coronary artery disease, valvu-
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lar heart disease, and cardiomyopathies [ 1-8]. However,
determination of the ejection fraction is generally technol-
ogy-intensive and associated with significant inconve-
nience, invasiveness, or expense. The pathophysiology
that accompanies depression of the ejection fraction
would suggest that ventricular function could be assessed
with some degree of accuracy using information obtained
in routine patient evaluation. Thus, a means of estimating
the ejection fraction from simple clinical information
would be of both conceptual and practical interest.

Several studies have examined the relationship be-
tween the ejection fraction and heart size on routine chest
radiography. Plain film heart volume is an established
radiographic indicator of heart size [13]. Glover et al [23]
showed that while plain film heart volume correlated with
left ventricular end-diastolic volume (r = 0.57), it correlat-
ed best with the sum of left ventricular end-diastolic
volume, left ventricular mass, and left atrial volume (r =
0.78) in 254 patients with left ventricular pressure over-
load, volume overload, or both. Chikos et al [24] found
similar results in 59 patients with aortic valve disease,
although in the 18 normal patients they studied, plain film
heart volume was poorly correlated with left ventricular
end-diastolic volume or left ventricular end-diastolic vol-
ume plus mass, Hammermeister et al [9] subsequently
showed that the plain film heart volume was a sensitive
but nonspecfic indicator of increased left ventricular end-
diastolic volume and decreased ejection fraction in a
population with predominant valvular disease. That study
also examined intra- and inter-observer variability in plain
film heart volume determination and demonstrated stan-
dard deviations of 5.2 percent and 7.3 percent, respec-
tively [9]. Accuracy of plain film heart volume has addi-
tionally been shown to be independent of observer experi-
ence [25]. In each of the studies of plain film heart volme,
the cardiothoracic ratio was also examined and found to
correlate less well with the variables of interest.

The value of other routine clinical information in the
assessment of ventricular function has been examined in
groups of patients with acute and chronic coronary artery
disease. In many patients following myocardial infarction,
a QRS score calculated from routine slectrocardiographic
results has been shown to correlate with enzymatically or
pathologically determined infarct size, exercise capacity,
and ejection fraction [10]. The correlation coefficients for
ejection fraction and QRS score by this method range
from 0.60 to 0.88 [10,26]. However, this method is
applicable only in a patient who has had a single myocar-
dial infarction within one year of electrocardiography and
who does not have left ventricular hypertrophy, right ven-
tricular hypertrophy, left bundle branch block, right bundle
branch block, fasicular block, or intraventricular conduc-
tion defect.

Sanford et al [11] examined the utility of data from the
history, physical examination, chest radiography, and

electrocardiography in the assessment of left ventricular
function in 100 patients with acute myocardial infarction
and arrived at a six-variable model predicting the ejection
fraction with an R? value of 0.42. The most predictive
variables in their study were anterior myocardial infarc-
tion, radiographic pulmonary congestion, rales to two
thirds of the posterior thorax, previous myocardial infarc-
tion, transmural myocardial infarction, and tachycardia.
The absence of any heart size assessment from their
analysis may, in large part, explain the lower predictive
power of their relatively large model. Additionally, use of
the QRS score might have improved the contribution of
the electrocardiographic results in their population.

Mattleman et al [12] studied 99 patients with coronary
artery disease to determine the correlation of routine
clinical data with the radionuclide ventriculographic ejec-
tion fraction. The four strongest multivariate predictors
were radiographic cardiomegaly, Q wave myocardial in-
farction on electrocardiography, dyspnea, and rales.
When combined in a regression model, these predicted
the ejection fraction with an R2 value of 0.61; however,
poorer correlation was observed as the ejection fraction
decreased. Although clinical and radiographic evidence of
pulmonary congestion appeared to contribute significantly
to the prediction of the ejection fraction in these studies,
we have found-—using hemodynamic data from cardiac
catheterization rather than radionuclide ventriculogra-
phy—that left ventricular end-diastolic pressure does not
contribute significantly to the multivariate prediction of the
ejection fraction when plain film heart volume, heart rate,
pulse pressure, and thoracic width are included. The
discontinuous and subjective nature of a number of the
variables examined in the previous studies may have
contributed to the observed variability, although carefully
designed clinimetrics and statistical design can enhance
the utility of such information [27].

In our study, a general method was sought for predict-
ing left ventricular ejection fraction using simple, quantita-
tive, continuous data from routine patient evaluation. A
physiologic model based on fundamental hemodynamic
equations was developed a priori and predicted a model
with terms multiplied, the nature of possible terms, and
the sign of the exponent for each term. These predictions
from the general model, in fact, agreed closely with the
form of the specific regression formula that optimally
predicted the ejection fraction. Logarithmic transforma-
tion aliowed evaluation of the nonlinear model using stan-
dard techniques of multiple linear regression. Comparison
with the simpler, but nonphysiologic model using untrans-
formed variables demonstrated that the theoretically more
appropriate physiologically based model provided the
more satisfactory mathematical model in practice.

The relationship between the predicted and actual
ejection fraction as shown in Figures 1 and 2 demon-
strates increasing variability with increasing ejection frac-
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tion. This pattern is, in fact, similar to the pattern of
variability for ejection fraction determined by ventriculog-
raphy. Wackers et al [ 19] have demonstrated substantial-
ly greater variability in the ejection fraction in patients with
normal ejection fraction values compared with those with
depressed ejection fraction values determined by radionu-
clide ventriculography. This observation was confirmed
by Kaul et al [20] in a larger study and is also seen in the
data of Folland et al [21] and Marshall et al [22]. Variability
introduced by measurement error or by variation in heart
size between systole and diastole would increase with the
ejection fraction. The absolute error due to cardiac cycle
phase is, however, likely to be small [28].

The study population consisted of stable patients able
to undergo routine chest radiography and exercise radio-
nuclide ventriculography. Thus, critically ill patients were
not represented in the study, and the method developed is
of uncertain relevance to such patients. In addition, the
assessments were performed at a single time point for
each patient. Therefore, the effect of specific medical or
surgical intervention on ejection fraction prediction could
not be evaluated in this study.

We suspect that the method will underestimate the
ejection fraction in patients with marked aortic or mitral
regurgitation, as only a portion of the stroke volume is
effective forward stroke volume. In such cases, the pre-
dicted ejection fraction may, however, correlate most
closely with effective forward ejection fraction. The meth-
od is also expected to underestimate the ejection fraction
in patients with significant right ventricular enlargement or
significant pericardial effusion. Each of these groups can
generally be identified on clinical grounds, and in each
case, the error is in the direction of underestimating the
ejection fraction because of the disproportionately in-
creased plain film heart volume.

PREDICTION OF EJECTION FRACTION—CEASE and NICKLAS

Although based on a model postulated a priori, this or
any empirically derived formula should be examined in an
independent group of patients for validation. A verification
data set was developed for this purpose and revealed a
similar but even stronger overall correlation between the
predicted and actual ejection fraction (r = 0.78). The
nature of the relationship appeared similar to that seen in
the exploratory data. When test parameters were deter-
mined for ejection fractions below 40, useful degrees of
sensitivity and specificity were observed.

The method described herein uses simple, objective
radiographic measurements and vital signs to predict the
ejection fraction using a physiologically based model. The
calculations required can be quickly performed using a
hand calculator or the nomogram presented. Consequent-
ly, the method provides a convenient, noninvasive, and
inexpensive means of estimating the left ventricular ejec-
tion fraction. Although experienced clinicians may be able
to judge left ventricular function with similar accuracy, our
method provides an objective, quantitative estimate of
ejection fraction that is independent of the expertise of the
observer. The clinical assessment of left ventricular func-
tion can thus be performed and communicated more
effectively in the course of patient management or clinical
investigation. Application of this simple method may thus
assist physicians in optimizing the use of more invasive
and expensive studies.
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