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Abstract

Background: A number of earlier studies have attempted to establish the validity of various radiological parameters for the assess-
ment of cardiac enlargement, but these were not fully quantitative as echocardiographic measurements.
Objectives: In our study, we aimed to determine the diagnostic accuracy of certain radiological parameters including the cardio-
thoracic ratio (CTR), cardiac area (CA) and cardiac volume (CV), derived from posteroanterior (PA) and lateral chest X-rays (CXR) in
patients with impaired left ventricular ejection fraction (LVEF) suffering from dyspnea by comparing them with echocardiographic
measurements of left ventricular (LV) dimensions and LVEF.
Patients and Methods: This retrospective study included 374 patients (258 females and 116 males) aged 35 to 78 years with the com-
plaint of dyspnea. CXR and echocardiographic examination were performed on each patient upon admission. Based on LVEF, the
patients were divided into two groups: Group 1 consisted of patients with impaired LVEF (< 50%) and group 2 consisted of patients
with normal LVEF (≥ 50%). The sensitivity, specificity, and cut-off points were evaluated by both receiver-operator characteristic
(ROC) analyses and area under the ROC curve (AUC) to determine the diagnostic accuracy of CA, CV, and CTR.
Results: There was no significant relationship between CTR and LVEF, but CA and CV showed a strong correlation with LVEF (P < 0.001
and P < 0.00001, respectively). LV dimensions correlated better with CV than with CA (P < 0.00001 and P < 0.0001, respectively).
According to the analysis of ROC curves, the best cut-off value for CV for the diagnosis of systolic heart failure was 825 mL.
Conclusion: The CV value correlated more closely with low LVEF and more accurately indicated an enlarged heart than CA or CTR.
This may be due to the fact that an anteroposterior measurement of heart size is included in the former but not the latter two
measurements. These study results may help quantify left heart enlargement with greater accuracy than may be obtained from
standard CXR.
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1. Background

Dyspnea is a frequently encountered symptom in daily
clinical practice, and differential diagnosis is the corner-
stone in management of patients. Heart failure (HF) is one
of the most common causes of dyspnea. Clinical examina-
tion alone is usually unreliable for differential diagnosis of
dyspnea, and demonstrating objective evidence of left ven-
tricular (LV) dysfunction is crucial to correctly diagnosing
HF (1, 2). Transthoracic echocardiography (TTE) is currently
the most commonly used imaging modality for the diag-
nosis of HF, and will remain so for the foreseeable future.
It provides a good general assessment of LV function. How-
ever, it is limited in patients with poor acoustic windows, it
requires geometric assumptions in quantifying global LV
systolic function, and its ability to provide specific tissue

characterization is modest. Cardiac magnetic resonance
(CMR) imaging is a highly accurate and reproducible imag-
ing technique for the assessment of left and right ventric-
ular volumes and global function. Additional information
can be obtained when CMR is used with a contrast agent
(3).

However, TTE and CMR are not available in every hos-
pital and cannot be applied by all physicians. European
Society of Cardiology (ESC) guidelines for HF indicate that
a chest X-ray (CXR) is of limited but common use in the
diagnostic work-up of patients with suspected HF (4). It
has been concluded that LV systolic dysfunction may be
present without cardiomegaly on the CXR. The cardiotho-
racic ratio (CTR) has been used to determine heart size
in relevant reports. However, measurement of the car-
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diac area (CA) and cardiac volume (CV) with a plain radio-
graph, which is an old and little known technique, may
more accurately predict the size of the heart. We aimed to
demonstrate the diagnostic accuracy of radiographic mea-
surements that are easily available in general hospitals for
quantifying LV function and LV dimensions.

We compared left ventricular end-diastolic diameter
(LVEDD), left ventricular end-systolic diameter (LVESD),
and left ventricular ejection fraction (LVEF) derived from
TTE with radiographic indices derived from posteroante-
rior (PA) and lateral CXR in patients presenting with dys-
pnea.

2. Objectives

In our study, we aimed to determine the diagnostic
accuracy of certain radiological parameters including the
cardiothoracic ratio (CTR), cardiac area (CA) and cardiac
volume (CV), derived from posteroanterior (PA) and lat-
eral CXR in patients with impaired left ventricular ejection
fraction (LVEF) suffering from dyspnea by comparing them
with echocardiographic measurements of left ventricular
(LV) dimensions and LVEF.

3. Patients and Methods

3.1. Patients

This retrospective study group consisted of 374 (258 fe-
males and 116 males) untreated patients who attended the
outpatient clinic of the Department of Cardiology at the
Turkiye Yuksek Ihtisas Education and Research Hospital for
the differential diagnosis of dyspnea. Each patient’s ECG,
CXR, and TTE recordings were analyzed, and recordings
were reviewed for physical examination findings, initial
clinical presentation, family history, past medical history,
smoking status, and New York Heart Association (NYHA)
functional class. Presence of HF was detected by TTE. Based
on LVEF, the patients were divided into two groups: Group
1 consisted of patients with impaired LVEF (< 50%) and
group 2 consisted of those with normal LVEF (≥ 50%) in
line with the recommendations of the relevant guidelines
(4). The patients with moderate or severe valvular pathol-
ogy or pericardial effusion were excluded. Echocardio-
graphic images and plain radiographs were evaluated by
two independent observers. All radiographic images were
checked by a radiologist who was blinded to the clini-
cal characteristics and echocardiographic data of the pa-
tients. A flowchart illustrating the selection of study pa-
tients is presented in Figure 1.

All Dyspnea Patients
(n = 374)

Normal Ejection
Fraction Group

(n = 234)LVEF ≥ %50

LVEF < %50

Radiographic
Assessment

(CTR, CA, CV)
(n = 374)

low Ejection
Fraction Group

(n = 140)

Measurement of 
LVEF by

Transthoracic
Echocardiography

Figure 1. Flow chart illustrating the selection of patients; Abbreviations: CA, car-
diac area; CTR, cardiothoracic ratio; CV, cardiac volume; LVEF, left ventricular ejec-
tion fraction.

The protocol was approved by the ethical committee
of the Turkiye Yuksek Ihtisas education and research hos-
pital. Written consent was not obtained because of the ret-
rospective design of the study.

3.2. Radiographic Assessment

The radiographic assessment was performed by a di-
rect radiography (DR) system (Axiom Aristos, Siemens
Medical Solutions, USA) in the radiology unit. The techni-
cians were made blind to the results of the other investi-
gations. CTR was evaluated solely via PA erect radiograph
(Figure 2). No Antero-posterior (AP), supine, or seated films
were accepted. CV was measured by using the method de-
scribed by Keats and Enge (5) (Figure 2).

The length diameter (L) is measured from the junction
of the superior vena cava to the cardiac apex. The broad di-
ameter (B) is taken from the junction of the right atrium
and the diaphragm and the junction of the pulmonary
artery. D represents the greatest horizontal diameter of the
heart in lateral film. Thus, the calculation of CV requires
both a PA and lateral film. K is a constant (0.63), and the
value of K varies with different focal-film distances. In our
study, the focal-film distance was 150 cm for a K value of
0.39. CA was calculated as described by Ungerleider and
Gubner (6) (Equation 1):

(1)CA = B × L×
(π
4

)
2 Iran J Radiol. 2017; 14(1):e25464.

iranjradiol.com


Aksu T et al.

Figure 2. The measurements of cardiothoracic ratio, cardiac area, and cardiac volume are shown on posteroanterior (A) and lateral (B) chest X-Rays. B, from the right cardio-
phrenic angle to the base of the main pulmonary artery segment; D, the greatest cardiac diameter on the lateral film; and L, from the junction of the right atrium and superior
vena cava to the apex. Abbreviations: CA, cardiac area; CV, cardiac volume: CV = L × B × D × K.

3.3. Echocardiographic Study

A skilled echocardiographer blind to the clinical fea-
tures of the patients performed the echocardiographic
study using a Vivid 7 (GE Healthcare, Horten, Norway) ultra-
sound system. Basic measurements included LV diameters
and LA diameters by 2D echocardiography with settings
per recommendations by the American Society of Echocar-
diography (7). Left ventricular volumes and LVEF were cal-
culated by using the biplane method (modified Simpson’s
rule) as recommended by the American Society of Echocar-
diography (8).

3.4. Statistical Analysis

Statistical analysis was performed with the SPSS/PC
software package (version 15.0 for Windows; SPSS Inc.,
Chicago, Il, USA). Categorical data are reported as propor-
tions, and continuous variables are expressed as mean ±
standard deviation. Frequency comparisons were made
using the t-test, Kruskal-Wallis test, Mann-Whitney U test,
and chi-square test as appropriate. Analyses of continuous
variables were performed using the Student’s t-test or anal-
ysis of variance (AVONA) for comparison of normally dis-
tributed data. In addition, the association between CXR
and TTE-based parameters was assessed using the Spear-
man’s rank correlation test. Receiver operating character-
istic (ROC) curves were drawn to quantify the ability of
CTR, CA, and CV to predict outcome and constructed to de-
termine the cut-off value with the highest discriminating

power. ROC curve analyses are graphically represented.
For the cut point of CV, sensitivity and specificity were re-
ported. Statistical significance was set at a P < 0.05. All re-
ported probability values were two-sided.

4. Results

The median age of the studied population was 59 ± 12
years with a male to female ratio of 0.31. Demographic data
are shown in Table 1. Group 1 consisted of 81 males and 59
females. In all groups, the mean CTR, CA, and CV values
were 0.59 ± 0.09, 161 ± 47 cm2, and 584 ± 186 mL, respec-
tively. The CXR indices of group 1 and group 2 are repre-
sented in Table 2. There was no significant relationship be-
tween CTR and LVEF. The relation between LVEF and various
radiographic indices is shown in Table 3 and Figures 3 and
4.

According to the analysis of ROC curves, the best cut-
off value for CV for the diagnosis of HF was 825 mL. In the
analysis of all patients, the area under the ROC curve of CV
was 0.712 (Figure 5). The sensitivity and specificity of CV in
the diagnosis of HF are shown in Table 4 and Figure 5.

5. Discussion

Dyspnea is a commonly seen problem in patients pre-
senting to the emergency department. The etiology of
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Table 1. Clinical Demographic Data in Two Groups of Patients Determined Based on Left Ventricular Ejection Fractiona

Demographics
Group 1 Group 2

Number or Mean (SD) Percent Number or Mean (SD) Percent

NYHA I 10 7 40 17

NYHA II 68 49 106 45

NYHA III 32 23 50 21

NYHA IV 30 21 38 16

Orthopnea 57 41 85 36

Anginaa 67 48 11 5

Pretibial edema 20 14 54 23

Ascites 10 7 38 16

Rales 36 26 64 27

Height 1.64 (0.1) 1.66 (0.1)

Weight 83.3 (14.8) 82.2 (12.5)

Abbreviation: NYHA, New York Heart Association.
aGroup 1 consisted of patients with impaired left ventricular ejection fraction (< 50%) and group 2 consisted of those with normal left ventricular ejection fraction(≥
50%).

Table 2. Plain Chest X-ray Parameters in Two Groupsa

Group 1 Group 2

Mean Standard Deviation Minimum Maximum Mean Standard Deviation Minimum Maximum

CTR 0.60 0.06 0.44 0.78 0.56 0.09 0.31 0.64

CAa 174 53 116 413 146 42 84 216

CVb 667 223 186 1,408 485 206 252 733

Abbreviations: CA, cardiac area; CTR, cardiothoracic ratio; CV, cardiac volume.
aGroup 1 consisted of patients with impaired left ventricular ejection fraction (< 50%) and group 2 consisted of those with normal left ventricular ejection fraction(≥
50%).
bP < 0.0001.
cP < 0.00001.

Table 3. Relations Between the Different Echocardiographic Measures of Left Ventricular Function and Chest X-ray Indices

LVEDD LVESD LVEF

Correlation Coefficient P Value Correlation Coefficient P Value Correlation Coefficient P Value

CTR .031 0.344 .062 0.059 .208 0.05

CA .19 < 0.0001 .19 < 0.0001 .29 < 0.001

CV .36 < 0.00001 .35 < 0.00001 .37 < 0.00001

Abbreviations: CA, cardiac area; CTR, cardiothoracic ratio; CV, cardiac volume; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction;
LVESD, left ventricular end-systolic diameter.

dyspnea is usually challenging because many clinical con-
ditions should be kept in mind in the differential diag-
nosis. Correct diagnosis, especially in situations that re-
quire rapid intervention, can be life saving. Cardiovascu-
lar causes of dyspnea are associated with severe morbidity
and mortality (9, 10). Although history and physical exam-

ination play an important role in the differential diagno-
sis of cardiovascular causes from the other etiologies, the
symptoms are usually similar, and the gold standard for di-
agnosis is TTE. However, echocardiography devices and a
physician who can evaluate the results of echocardiogra-
phy are not available in many centers.
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Table 4. Sensitivity and Specificity and Receiver Operating Characteristics Analysis of X-ray Indices in the Diagnosis of Heart Failure

Sample ROC Curve Area Standard Error Cut Off Sensitivity Specificity

CTR 0.543 0.019 NA NA NA

CA 0.577 0.019 NA NA NA

CV 0.712 0.017 900; 550 45; 95 95; 40

Abbreviations: CA, cardiac area; CTR, cardiothoracic ratio; CV, cardiac volume; ROC, receiver operating characteristic; NA, not available.
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Figure 3. Correlation between echocardiographic parameters and cardiac volume.
Parameters are A, ejection fraction; B, left ventricular enddiastolic diameter, and C,
left ventricular endsystolic diameter. Spearman’s rank test showed a significant pos-
itive correlation between CV and LV dimensions and a significant negative correla-
tion between CV and LVEF. Abbreviations: CV, cardiac volume; LVEF, left ventricular
ejection fraction, LVEDD, left ventricular end-diastolic diameter; LVESD, left ventric-
ular end-systolic diameter; EF, ejection fraction.

In contrast, direct radiographic study is available at al-
most all hospitals and does not require expertise in cardi-
ology for the interpretation of the findings. Radiographic
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Figure 4. Correlation between echocardiographic parameters and cardiac area. Pa-
rameters are A, ejection fraction; B, left ventricular enddiastolic diameter, and C, left
ventricular endsystolic diameter Spearman’s rank test showed a moderately signif-
icant positive correlation between CA and LV dimensions and a significant negative
correlation between CA and LVEF. Abbreviations: CA, cardiac area; LVEF, left ventricu-
lar ejection fraction; LVEDD, left ventricular end-diastolic diameter; LVESD, left ven-
tricular end-systolic diameter; EF, ejection fraction.

study is also cheaper and can be applied quickly. Several
studies in adults have compared radiographic and angio-
graphic data and have generally found a good correlation
between radiographic CV’s and various angiographic left
heart measurements (5, 6, 11).
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Figure 5. Receiver operating characteristic curve analysis; diagnostic performance
of CV, CA, and CTR in the detection of systolic HF (LVEF < 50%); SE: 0.05. Area under
the receiver operating characteristic curve values of CV, CA, and CTR in systolic HF
from the study; Abbreviations: CA, cardiac area; CTR, cardiothoracic ratio; CV, car-
diac volume; LVEF, left ventricular ejection fraction.

There are contradictory results in the literature con-
cerning the comparison of echocardiographic and radio-
logical cardiac dimensions. Davidson et al. (12) demon-
strated that although there was a significant correlation
between the radiographic total CV and echocardiographic
ventricular volumes, especially in left-sided pathologies,
CTR and CA did not correlate well with echocardiographic
measurements. However, Lewis (13) found a high degree of
correlation between CA and LVEDV in patients with pure
aortic valve insufficiency. In addition, Glover et al. (14)
demonstrated that CV gives the greatest diagnostic accu-
racy for measurement of the left ventricular dimensions
(79%) when compared with CTR.

In our study, we found a strong relationship between
echocardiographic dimensions and CA and CV in patients
with dyspnea. Therefore, we believe that physicians may
use CA and CV measurements in the differential diagno-
sis of patients presenting to emergency departments with
dyspnea, which is a cheaper and more rapidly available di-
agnostic tool.

There is no absolute standard for the diagnosis of HF,
although TTE is accepted as the gold standard. In this study,
we aimed to define the potential role of CXR in the diagno-
sis of systolic HF and LV enlargement in outpatient cardi-
ology clinics. However, the potential usage of CXR may be
to identify patients requiring assessment by TTE in emer-
gency departments. The patients in this study were diag-
nosed on the basis of symptoms compatible with HF in the
presence of objective evidence of left ventricular dysfunc-
tion (LVEF < 50%). Because this was a retrospective study, it
is not possible to be certain of the standardization for chest
radiography. Poor inhalation can cause an overestimated
CTR. The wide scatter of the points suggests that this was

not a systematic error.
In conclusion, CV on chest radiography may be a satis-

factory, cheap, and easily available method for diagnosing
cardiac enlargement or HF.

5.1. Limitations

This study was a retrospectively and cross-sectionally
designed single center study, which means that statistical
power of the correlation between echocardiograhic and ra-
diographic parameters may be weaker. To overcome these
limitations, the patients for whom echocardiographic and
radiologic evaluations were performed at the same period
were included in study. Another major limitation of this
study is that we excluded patients with moderate or severe
valvular pathology or pericardial effusion. It is well known
that these conditions are common among HF patients, and
excluding them will affect the results. In addition, the eti-
ology of HF and diastolic HF were not taken into considera-
tion because echocardiographic or radiological cardiac di-
mensions may vary due to underlying conditions. The cut-
off point for LVEF (50%) may be questionable. However, en-
tirely normal ejection fraction is accepted as > 50% in the
relevant guideline. Therefore, we used 50% as the cut-off
point in our study.
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