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Relationship of Cardiothoracic Ratio
and Plain Film Heart Volume to Late Survival
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SUMMARY We assessed the prognostic value of cardiothoracic ratio and plain film heart volume in rela-
tion to other clinical, exercise, hemodynamic and quantitative angiographic variables. Both cardiothoracic
ratio and plain film heart volume are highly sensitive, but nonspecific, indicators of abnormal left ventricular
end-diastolic volume and ejection fraction. Both variables are univariately important predictors of survival in
cohorts of medically and surgically treated heart disease patients. Plain film heart volume significantly adds to
the multivariate prediction of prognosis obtained from groups of clinical, exercise, hemodynamic and quanti-
tative angiographic variables. These measurements from the routine chest roentgenogram are sensitive detec-
tors of abnormal left ventricular function or volume and important predictors of long-term survival. The fact
that they contribute prognostic information in addition to left ventricular volume and ejection fraction suggests
that other cardiac chamber volumes are of prognostic importance.

PREVIOUSLY, WE HAVE DEMONSTRATED
the significance of left ventricular end-diastolic
volume and related variables such as ejection fraction
in the prediction of survival of patients with heart dis-
ease.', 2 Chikos et al.3 showed a high correlation
between total heart volume measured from the stan-
dard chest roentgenogram (plain film heart volume)
and left ventricular end-diastolic volume measured
angiographically in patients with aortic valve disease.
In this study we examined the prognostic value of
plain film heart volume and cardiothoracic ratio with
respect to late survival and compared the prognostic
value of these noninvasive parameters with other
clinical, exercise, hemodynamic and quantitative
angiographic variables frequently obtained in the
evaluation of the patient with heart disease.
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Methods
Patient Population

We have previously reported analyses of late sur-
vival in all adult patients and the subgroup with mitral
valve disease who had quantitative angiography at the
Veterans Administration and University Hospitals,
Seattle, Washington, from 1960-1970.1"4 In this
report, we analyzed all available chest roentgeno-
grams taken in standard fashion (posterior-anterior
and lateral at 6 feet) at the time of cardiac catheteriza-
tion in these 831 patients. Suitable chest roentgeno-
grams could be found on 320 of the 831 patients. The
remaining patients did not have appropriate films
available due to non-standard views, film in a single
projection, or disposal of inactive film files. These 320
patients, who have quantitative angiographic
measurement of left ventricular volume and long-term
follow-up of up to 13.5 years (mean 4.1 years), are
reported here. Distribution of patients by diagnosis,
age, sex, therapy and functional class are given in
table 1. Valvular heart disease was the principal
diagnosis in 73% (233 of 320) of the patients. Heart
surgery was performed in 64% (205 of 320); 45% (93)
had valve replacement, 42% (87) had valvuloplasty,
and 7% (15) had coronary artery surgery.

Laboratory Analyses

Maximal treadmill exercise stress tests were per-
formed using the multistage protocol described by
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Sex, Diagnosis,

Variable Range N CO
Age < 40 82 26

(mean 46.7 41-34 143 45
11.8 (SD)) > 55 94 29

Sex Male 170 53

Female 149 47

Diagnosis Aortic valve disease 67 21
Mitral valve disease 112 35
Multivalvular disease 34 17

Coronary disease 34 11
Miscellaneous 51 16

Therapy Medical 115 36

Surgical 205 64

Functional class I 27 8

II 87 27
III 178 56
IV 28 9

Bruce' in 69% (221 of 320) of the patients. Functional
aerobic impairment is defined as percent decrement
from predicted maximal oxygen uptake based on age,
sex, and activity status. Left ventricular volumes were
calculated for representative beats from the biplane
angiocardiogram according to the method of Dodge et
al.6 Stroke volume was calculated as the difference
between left ventricular end-diastolic volume and end-
systolic volume. Total left ventricular output was the
product of stroke volume and heart rate at the time of
angiography. The regurgitant volume was calculated
as the total left ventricular output minus the net
forward cardiac output measured by the Fick tech-
nique.7
The cardiothoracic ratio was calculated from the

frontal posterior-anterior chest roentgenogram by
dividing the maximal frontal width of the heart ex-

cluding the apical fat pad by internal width of the
chest at the level of the dome of the right
hemidiaphragm.3 The plain film heart volume was
calculated as 0.42 LWG, where L is the length from
the superior vena cava-right atrial junction to apex
(excluding apical fat pad) on frontal film, W is the
length from the right atrium-diaphragm junction to
junction of upper left heart border and pulmonary
artery segment on frontal film, and G is the maximum
depth of heart on lateral film.3' 8 Film measurements
were made by a trained technician. Comparison of
technician measurements with that of a radiologist ex-
perienced in the techniques showed a standard error of
measurement of 36 ml (5.2%) for the heart volume and
0.009 (1.8%) for cardiothoracic ratio on a sample of 10
films. The standard error of measurement on repeat
analysis by the same technician was 50.7 ml (7.3%) for
heart volume and 0.0 12 (2.3%) for cardiothoracic ratio
on the 10 films.

Statistical Analyses

Simple linear correlation coefficients were
calculated with the aid of a computer. Sensitivity (SN)
and specificity (Se) were computed according to the
following formulas:

S TPN TP, + FN

TN
TN + FP

where Tp = true positives, TN = true negatives,
F, false positives, and FN= false negatives.

Variables univariately predictive of survival were
identified by constructing survival curves for sub-
groups of patients defined by several levels of each
variable. Survival curves were constructed using the
life-table technique9 beginning with the date of cardiac
catheterization. The subgroups were defined by three
ranges for each continuous variable (one covering the
normal range, one covering moderate deviation from
normal, and one representing marked deviation from
normal) or into two to four subgroups according to the
discrete variable being tested.' The Mantel-Haenzel-
Cox statistic"0 was used to determine whether the sub-
groups defined by several levels of the variable under
consideration had significantly different survival rates
(p < 0.05). If they did, the variable was considered to
be univariately predictive of survival. These variables
were further analyzed for multivariate prediction of
survival using Cox's regression analysis," which is an
analogue of multiple linear regression analysis applied
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FIGURE 1. Plain film heart volume plotted against angio-
graphically measured left ventricular end-diastolic volume
showing a statistically significant correlation (r = 0.413).

TABLE 1. Distribution of Patients by Age,
Therapy and Functional Class
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TABLE 2. Sensitivity and Specificity of the Cardiothoracic Ratio and Plain Film Heart Volume in Detecting
Left Ventricular Enlargement (End-diastolic Volume > 102 ml/m2) or Reduced Ejection Fraction (< 50%)

Diagnosis variable

Aortic valve disease
End-diastolic volume
Ejection fraction

Cardiothoracic ratio
Sensitivity Specificity

(%) (%) _

91
93

Mitral valve disease
End-diastolic volume
Ejection fraction

Aortic or mitral stenosis
End-diastolic volume
Ejection fraction

Aortic or mitral insufficiency
End-diastolic volume
Ejection fraction

All patients
End-diastolic volume
Ejection fraction

90
96

100
100

87
93

88
86

38
30

24
25

25
32

30
20

41
35

Plain film heart volume
Sensitivity Specificity

(¼) (%)

81
93

92
97

88
92

85
93

86
86

38
41

38
33

44
51

36
27

51
44

to censored survival data. The variables were grouped
according to collection technique (clinical, exercise,
hemodynamic, and quantitative angiographic), and
Cox's regression analysis run on each group. All
variables with individual regression coefficient p
values < 0.05 were combined for another analysis
using Cox's regression analysis. Finally, we added
plain film heart volume to each of these groups and
repeated Cox's regression analysis to determine if
heart volume contributed to prediction of prognosis in
addition to the previously determined variables.

Results

Correlations with Quantitative Angiographic Variables

Figure 1 illustrates the relationship between plain
film heart volume and left ventricular end-diastolic
volume. The correlation between cardiothoracic ratio
and end-diastolic volume was not high (r = 0.29). The
correlations between the plain film measurements and
other angiographic measures of left ventricular
volume overload (angiographic stroke volume, regur-
gitant volume and total left ventricular output) were
low (r - 0.04-0.23).

Sensitivity and Specificity

Table 2 shows the sensitivity and specificity of the
cardiothoracic ratio and plain film heart volume in
detecting abnormal end-diastolic volume and ejection
fraction. Both the cardiothoracic ratio and plain film
heart volume are highly sensitive but relatively non-
specific indicators of increased left ventricular end-
diastolic volume and ejection fraction. The sum of the
sensitivity and specificity (a measure of the predictive
power) of plain film heart volume in predicting abnor-
mal end-diastolic volume is not significantly different
from the sum of sensitivity and specificity for cardio-
thoracic ratio. However, plain film heart volume is
significantly better than cardiothoracic ratio in
predicting ejection fraction (p < 0.05; sign test).

Prediction of Survival

Figures 2-5 show actuarial survival curves
calculated from the date of catheterization for sub-
groups of medically or surgically treated patients
defined by three levels of cardiothoracic ratio or plain
film heart volume. Both the cardiothoracic ratio and
plain film heart volume are highly predictive of late
survival in both the medical and surgical cohorts,
although greater separation of survival of subgroups is
seen in the medically treated cohort.
An additional 13 variables (three clinical, two exer-

cise, five hemodynamic, and three quantitative angio-
graphic) were tested for prediction of prognosis in a
similar fashion using actuarial life table analyses.
Table 3 lists tests of significance (Mantel-Haenzel-
Cox statistic) for the medical and surgical cohorts un-
der the columns labeled "univariate." Twelve of the 13
variables (all except sex) were significantly predictive
(p < 0.05) of survival in the medical cohort; but only
functional class, left ventricular end-diastolic
pressure, end-diastolic volume, ejection fraction and
mass were significantly predictive in the surgical
cohort.

Multivariate analyses using Cox's regression
analysis were then performed for each of the groups of
univariately significant variables to determine which
variables had predictive power with respect to survival
beyond that contributed by the combinations of the
other variables considered (table 3, multivariate
columns). For the medical cohort, functional class was
significant among the clinical variables, functional
aerobic impairment and ST-segment response to exer-
tion among the exercise variables, mean pulmonary
artery pressure among the hemodynamic variables,
and end-diastolic volume and ejection fraction among
the quantitative angiographic variables. For the sur-
gical cohort, functional class was significant among
the clinical variables and left ventricular end-diastolic
pressure among the hemodynamic variables. None of
the two exercise and three quantitative angiographic
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FIGURE 2. Actuarial survival curves for
three subgroups of medically treated pa-

tients defined by normal (< 0.50), moder-
ately increased, (0.51-0.60), and markedly
increased (> 0.60) cardiothoracic ratio
(CT), showing significantly different sur-

vivals (p < 0.001) for the subgroups.
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variables were independently predictive of survival for
the surgical cohort when examined by Cox's regres-

sion analysis.
The final step was to determine whether plain film

heart volume significantly improved prediction of
prognosis over the previously identified variables. The
multivariately significant (p < 0.05) variables from
each of the groups (clinical, exercise, hemodynamic,
and quantitative angiographic) were examined by
Cox's regression analysis with and without plain film
heart volume. Table 4 shows the results of this
analysis for the medical and surgical cohorts. In the
medical cohort, the addition of plain film heart
volume added significantly (p < 0.01) to prediction of
prognosis from each of the groups of variables. In the
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surgical cohort, plain film heart volume significantly
improved prediction of prognosis in the clinical and
hemodynamic groups of variables.

Discussion

In this study of long-term follow-up of patients with
quantitative angiographic assessment of left ventric-
ular function and plain film heart volume measure-
ments at the time of cardiac catheterization, the chest
roentgenogram measurements were highly sensitive,
but nonspecific, detectors of abnormal left ventricular
volume and ejection fraction and highly significant
predictors of long-term survival.
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FIGURE 3. Actuarial survival curves for
three subgroups of medically treated
patients defined by normal (< 540 ml/m2),
moderately increased (541-800 ml/m2), and
markedly increased (> 801 ml/m2) plain
film heart volume (HV), showing signifi-
cantly different survivals (p < 0.001) for the
three subgroups.
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FIGURE 4. Actuarial survival curves for
the subgroups of surgically treated patients
defined by normal (< 0.50), moderately in-
creased (0.51-0.60), and markedly increased
(> 0.60) cardiothoracic ratio (CT) showing
significantly different survivals (p < 0.001)
for the three subgroups.
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Sensitivity and Specificity

Although the correlation with end-diastolic volume
is relatively low, both cardiothoracic ratio and plain
film heart volume are highly sensitive in detecting
either abnormal end-diastolic volume or ejection frac-
tion; that is, if the end-diastolic volume is elevated by
2 or more standard deviations above the normal mean

(. 102 ml/m2) or if the ejection fraction is reduced by
2 or more standard deviations below the normal mean

(< 50%), the cardiothoracic ratio will be > 0.50 and
plain film heart volume will be 541 ml/m2, 85% or
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more of the time (table 2). However, the specificity is
low such that given an abnormal cardiothoracic ratio
or abnormal plain film heart volume as defined above,
an abnormal left ventricular end-diastolic volume or
ejection fraction will be present only 25-50% of the
time. The lack of specificity is most likely due to
selective enlargement of other cardiac chambers
besides the left ventricle or increase in left ventric-
ular mass. The overall diagnostic accuracy (sum
of sensitivity plus specificity) was generally greater
for plain film heart volume than cardiothoracic
ratio (table 2).

=0.011

FIGURE 5. Actuarial survival curves for
the subgroups of surgically treated patients

(7) defined by normal (< 540 ml/m2),
moderately increased (541-800 ml/m2), and

______- . markedly increased (> 801 ml/m2) plain
(18) film heart volume (HV), showing

significantly different survivals (p = 0.011)
(6) for the three subgroups.
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TABLE 3. Tests of SigniJicance (p values) for Uni'variate and Midltivariate Analyses of Variables Predictive of
Survival

Medically treated patients Surgically treated patients
Variables Univariate* Multivariatet Univariate* Multivariatet

Clinical variables
Functional class 0.000 0.001 0.011 0.002
Age 0.004 0.096 0.193
Sex 0.447 0.232

Exercise variables
ST segment response 0.027 0.008 0.399
FAI 0.000 0.016 0.270 -

Hemodynamic variables
LVEDP 0.021 0.909 0.018 0.066
Cardiac output 0.000 0.934 0.814
A-VO2 difference 0.010 0.397 0.194
M\ean PA pressure 0.000 0.017 0.410
Mean PC pressure 0.003 0.750 0.354

Quantitative angiographic variables
End-diastolic volume 0.000 0.019 0.044 0.529
Ejection fractioii 0.000 0.038 0.008 0.764
Left ventricular mass 0.000 0.121 0.010 0.236

*Ilantel-Haetizel-Cox statistic from actuarial life table analysis.
tP value for individtual regression coefficient from Cox's regression analysis.
Abbreviations: FAI = functional aerobic impairment; LVEDP = left ventricular end-diastolic pressure;

A-VO2 = arterio-venous oxygein; PA = pulmoniary artery; PC - pulmonary capillary wedge.

TRABLE 4. Testing of Plain Filn Heart Volume for Contri-
buttion to Prediction of Prognosis in Addition to Other Variables
Previously Documnented to be Signiticantly Predictive of Survival
Using Cox's Rcgression Analysi.s

Without With
heart heart
volume volume

Variables p* p*

Medically treated patients
Clinical variables

Functional class 0.001 0.019
Age 0.096 0.399
Heart volume <0.001

Exercise variables
ST segmenit response 0.008 0.066
FAI 0.016 0.206
Heart volume 0.004

Heinodynamic variables
Mean PA pressure <0.001 <0.001
Heart volume 0.004

Quantitative angiographic
variables

End-diastolic volume 0.000 0.218
Ejection fraction 0.016 0.002
Heart volunme 0.001

Surgically treated patients
Clinical variables

Functional class 0.002 0.002
Heart voluime 0.02

Hemodynamic variables
LVEDP 0.066 0.065
Heart volume 0.029

*p valuie for individtual
regressioun analysis.
Abbr eviations: FAI

PA = pulmnonary artery;
diastolic pressure.

regression coefficient from Cox's

functional aerobic impairment;
LVEDP = left ventricular end-

Prediction of Survival

When examined univariately, both cardiothoracic
ratio and plain film heart volume are highly significant
predictors of survival (figs. 2-5). For example, in the
medical cohort, patients with a normal plain film
heart volume (< 540 ml/m2) had a 5-year survival
probability of 0.89, while those with markedly in-
creased plain film heart volume (> 801 ml/m2) the 5-
year survival probability was 0.15 (fig. 3), a ratio of
5.9:1. In our previous evaluation of mitral valve dis-
ease patients, end-diastolic volume was found to be
one of the most important predictors of late survival.'
The plain film heart volume and cardiothoracic ratio
in the current study reflect some of the prognostic
significance of end-diastolic volume. However, the
multivariate analyses (table 4) indicate that plain film
heart volume contributes to prediction of prognosis
above and beyond that provided by end-diastolic
volume and ejection fraction. The reason may be that
plain film heart volume also reflects left atrial and
right ventricular volumes. While right ventricular
volumes have not been studied in regard to prognosis,
Barnhorst et al.'2 have reported impaired late survival
among patients undergoing mitral valve replacement
who have large left atria on preoperative chest films.
Two studies have demonstrated a significant relation-
ship between cardiothoracic ratio and late survival in
patients undergoing aortic valve replacement.'3 14

Less difference in survival between patients with
normal-sized hearts and markedly enlarged hearts is
seen in the surgical cohort (figs. 4 and 5) than in the
medical cohort (figs. 2 and 3). This is probably
because of a reduction in heart size resulting from
successful valve replacement, so patients may move
from a survival curve associated with a markedly
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enlarged heart preoperatively to a better survival curve as
their heart size becomes smaller postoperatively. Im-
proved survival after aortic valve replacement'4 or
combined aortic and mitral valve replacementl5 has
been observed in those patients who experience a
reduction in cardiothoracic ratio as a result of surgery.
The multivariate analyses using Cox's regression

analysis'1 were designed to test whether plain film
heart volume added significantly to prediction of
prognosis over groups of clinical, exercise,
hemodynamic, and quantitative angiographic
variables previously demonstrated to be univariately
and multivariately predictive of survival (table 3). For
the medical cohort, plain film heart volume con-
tributed significantly to prediction of prognosis in
each of these groups of variables (table 4). Finally,
when the significant variables from each of these
groups for the medical cohort (functional class, mean
pulmonary artery pressure, and ejection fraction) are
combined and analyzed with and without plain film
heart volume, prediction of prognosis is again
significantly improved by the inclusion of plain film
heart volume.

Plain film heart volume contributes prognostic in-
formation in addition to that provided by any com-
bination of the commonly measured clinical, exercise,
hemodynamic, and quantitative angiographic
variables analyzed in this study. We believe this is due
to inclusion of important prognostic information in
other chamber volumes, probably left atrium and
right ventricle, which are reflected in plain heart
volume. The analysis of the relationship of prognosis
to direct measurements of left atrial and right ventric-
ular dimensions or volume by echocardiography,
angiocardiography or computerized tomography,
should be investigated.
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