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Background: Heart size is an important and effective parameter in chest X-ray (CXR) interpretation. Studies indicate that, especially in
middle-aged men, increased cardiothoracic ratio (CTR) is associated with ischemic heart disease (IHD) and increased rate of morbidity and
mortality. The CXR is the most common imaging examination of the heart.

Objectives: A good quality posterior-anterior (PA) chest radiograph is an important indicator of the cardiac size. Nowadays, CXR has given
its place to more advanced approaches such as two-dimensional echocardiography. However, CXR is still more accessible and feasible for
most of the physicians. This study was designed to compare the findings of CXR and echocardiography in determination of the heart size.
Patients and Methods: This cross-sectional study was carried out from 2006 to 2007. A total of 197 patients entered the study. The cases
had been undergone PA CXR and 2-D echocardiography maximum within two days.

Results: Of participants, 24.9% had cardiomegaly according to the findings of CXR and 50.8% based on echocardiography. There was a
statistically significant difference between the mean size of Right Ventricular End Diastolic Diameter in the patients with cardiothoracic
ratio<50%and >50%(P=0.002)aswell as Left Ventricular End Diastolic Diameter (P=0.023). Also, a statistically significant difference was
seen between echocardiography and CXR findings with regard to determination of the heart size (P=0.003). Nonetheless, it is noteworthy
that sensitivity and specificity of CXR findings in the diagnosis of cardiomegaly were 34%, and 84.5%, respectively.

Conclusions: CTR is the most common method of describing the heart size. Increased CIR in CXR is associated with poor prognosis,
which is suggestive of importance and necessity of early diagnosis. Although CXR may not have the same diagnostic accuracy as
echocardiography, its easy accessibility and high specificity in diagnosis of cardiomegaly is very helpful, which can play an importantand
a cost-benefit role, particularly in screening the enlarged heart size. Moreover, according to the statistics released by Medical Council of
Iran, most of Iranian physicians are general practitioners and a few of them are cardiologist.
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1. Background

Heart size is an important and helpful diagnostic
parameter in chest X-ray (CXR); however, presence or
absence of cardiomegaly in CXR depends on the inter-
preter’s judgment (1). Even in one case, interpretations
of different physicians could vary (1, 2). Naturally, some
hypertrophic changes, without dilatation, occur in heart
muscles by aging, which is often detectable by CXR (3-5).
It is noteworthy that cardiomegaly is developed by differ-
ent diseases, including valvular heart diseases, IHD, and
cardiomyopathy as well as pericardial diseases.

Also, we should remember that increased CTR, especial-
ly in the middle-aged and elderly patients is correlated
with IHD and increased rate of morbidity and mortality.
Enlarged heart size is an independent predictor of death,
and an increased CTR in CXR, irrespective of its etiology, is
associated with poor prognosis in middle-aged patients.
This issue is indicative of great importance and necessity

of early diagnosis, especially in older patients (6-11).

In other words, according to Frishman et al. CXR screen-
ing paves the way for timely therapeutic interventions
(6). In another study, it was revealed that CTR is as impor-
tantasrelative heart volume in the prediction of the mor-
tality induced by IHD. In addition, only PA view of CXR is
needed to determine CTR (8).

However, in the field of pediatric cardiology, Davidson’s
study showed that CTR has no correlation with echocar-
diographic findings and also Spiewak’s study revealed
that CTR in patients with repaired Tetralogy of Fallot
can show atrial rather than ventricular dilatation, which
could lead to false determination of ventricular size (12,
13).

Nowadays, various methods, with different efficiencies
are applied for chest imaging and determination of the
heart size. In this regard, echocardiography as an ad-
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vanced method in the diagnosis of cardiac diseases has
made CXR less important. Echocardiography is highly
versatile, but operator dependent technique. Two-di-
mensional echocardiography gives direct imaging infor-
mation about the anatomy and physiology of the heart,
which identifying particular anatomical planes within
the heart relies on the operator (14, 15). It is notable that
two-dimensional echocardiography has to be performed
by a cardiologist, whose access is quite difficult com-
pared to a general practitioner.

Also, echocardiography is more expensive than CXR,
and is not always successful as expected, especially in
old and obese ones or in patients with increased lung
volumes (8, 16). Above all, more than 75% of physicians in
Iran are general practitioners and less than 25% are spe-
cialists (of course only a few of them are cardiologist).
Furthermore, availability of medical instruments could
play a significant role, especially at first line of diagno-
sis (11). Having considered the aforementioned issues,
we designed this study to compare radiological find-
ings of CXR with echocardiography in determination of
the heart size and show the value of standard PA CXR as
a cost-effective and applicable approach in diagnosis of
the heart size. However, determination of the heart size
in radiography could be affected by different factors, in-
cluding the shape and the size of thorax, patient’s posi-
tion at imaging, air in the lungs and respiratory diseases.
Sometimes heart enlargement, especially in its mild or
average status is overlooked. Accurate differentiation of
the normal heart size from its abnormal size could be dif-
ficult. Therefore, different diagnoses among physicians
are inevitable (1).

2. Objectives

A good quality posterior-anterior (PA) chest radiograph
is an important indicator of the cardiac size. Nowadays,
CXR has given its place to more advanced approaches
such as two-dimensional echocardiography. However,
CXR is still more accessible and feasible for most of the
physicians. This study was designed to compare the find-
ings of CXR and echocardiography in determination of
the heart size.

3. Patients and Methods

This cross-sectional study was carried out in one special-
ized state-run hospital in Tehran, Iran, from June 2006 to
July 2007. The cases were patients who had undergone
echocardiography and PA CXR maximum within two
days. In fact, patients were first supposed to undergo
both echocardiography and CXR in one day, but due to
unstable condition of some patients in cardiology ward,
we finally decided to study patients who had undergone
both procedures in two consecutive days. Additionally,
patients who took portable CXR were excluded from the
study, because it is not standard in determination of the
heart size. The sample size was calculated with an expect-

ed power of 90%.

A total of 225 patients, admitted to the cardiology ward,
were selected by random sampling method, and finally
197 of them met the inclusion criteria. Patient’s heart size
was determined by 2-D echocardiography and PA CXR. We
used CTR as the most common method of describing the
heart size (17).

The standard PA CXR (taken by analog calibrated Toshi-
ba system with this criteria: Beam limiting device, model
TF-6TL-6, input 1-phase 50/60Hz AC12V, max input power
100VA, max tube voltage 150KV, filtration 1.2 mm) was
taken on deep inspiration which was interpreted only by
one radiologist and CTR was recorded as shown in Figure
1, which is less than 50 % in normal condition (6, 11, 17).

Figure 1. Determination of the Heart Size on the Standard PA CXR

One cardiologist carried out the echocardiography (GE,
Vingmed4, with mode 2-D, parasternal and 4 chambers).
RVEDD and LVEDD were used to measure the echocar-
diographic size of the heart. They were determined by
2-D echocardiography and in normal condition are less
than 25 mm and 55 mm, respectively (18-22). In this study,
adequate physical activity for adults has been defined ac-
cording to WHO recommendations (23).

Ethics Committee of Islamic Azad University, Tehran
Medical Sciences Branch approved this study with the
ethical number 3802. Although, there was not any inter-
vention in this study, we considered “the protection code
of human subjects in medical research” of Iran's Ministry
of Health and Medical Education. Because we used the pa-
tients’ records, all the information was kept confidential
(24).

SPSS version 16 was used to analyze the extracted data,
and chi-square test to assess qualitative variables such
as heart enlargement in echocardiography and radiog-
raphy, and the mean of RVEDD and LVEDD in the non-
cardiomegal and the cardiomegal cases (according to the
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CXR findings of a radiologist) were compared with Mann-
Whitney U test. The level of significance was considered
less than 0.05.

4. Results

Ninety-nine patients (50.3%) were male and 98 (49.7%)
were female. The mean age was 57.47 £10.75 years, ranged
from 34 to 86 years. One hundred and fifty patients were
non-smoker and 47 were smoker. The median of pack-
year in smokers was 18 pfy ranged from 1 to 60 p|y. Forty-
eight patients (24.4%) had acceptable physical activity ac-
cording to WHO recommendations, whereas 149 (75.6%)
did not. The history of IHD and hypertension were seen in
52.3% and 38.6% of the patients, respectively.

According to CXR and echocardiography, 49 (24.9%) and
100 (50.8%) patients had cardiomegaly, respectively. All
variables were compared between cardiomegal and non-
cardiomegal patients based on CXR and echocardiogra-
phy (Tables 1and 2).

Overall, there was a significant difference between the
heart size determined by echocardiography and CXR (P =
0.003). Additionally, our study revealed a statistically sig-
nificant difference between CTR in IHD patients and CTR
in non-IHD patients (P = 0.02).

Moreover, sensitivity and specificity of CXR in diagnosis
of cardiomegaly were 34% and 84.5%, respectively, which
could be helpful in screening cardiomegaly. In fact, when
PA view of CXR indicates absence of heart enlargement,
to a great extent, the same result can be seen in echocar-
diography (Table 3).

Table 1. Comparison of the Variables Between Cardiomegal Patients According to CXR and Echocardiography @

The Patients With Cardiomegaly According The Patients With Cardiomegaly According to

to Chest X-Ray (n=49)

Echocardiography (n=100)

Age,yb 62.41(43-82)
Gender @

Male 12(24)

Female 37(76)
RVEDD, mm 25(18-40)and IQR=7b
LVEDD, mm © 54(36-70) and IQR =13
History of IHD ¢ 33(67)
History of HTN @ 29(59.2)
Smoking @ 6(12)
Suitable physical activity 2 10 (20)

59.00 (34-85)

52(52)
48 (48)
27.32(18-40) ¢
56 (35-70) and IQR=7
55(55)
41(41)
20(20)
23(23)

d Data are presented as No. (%).
Mean (range).
€ Median, range, and interquartile range (IQR).

Table 2. Comparison of the Variables Between the Patients With Normal Heart According to CXR and Echocardiography @

Patients With Normal Heart According to
Chest X-Ray (n=148)

Patients With Normal Heart According to
Echocardiography (n=97)

Age,y 55.00 (34-86) and IQR =15 P 55.90 (34-86) €
Gender ¢

Male 87(59) 47(48)

Female 61(41) 50 (52)
RVEDD, mm P 24 (15-37)and IQR =5 23(15-25)and IQR=3
LVEDD, mm P 49 (34-63)and IQR=11 45 (34-55)and IQR= 8
History of IHD ¢ 70 (47) 48 (49)
History of HIN ¢ 47(32) 35(36)
smoking 4 41[16(1-60)] and IQR = 21.5 27[15(1-60)] and IQR = 20
Suitable physical activity ¢ 38(26%) 25 (26%)

a Data are presented as No. ().
b Median, range and interquartile range (IQR).
¢ Mean ( range ).

d The number of smokers [median, range and interquartile range(IQR) of P|Y in smokers].

Iran Red Crescent Med ]. 2015;17(1):e18242



Biharas Monfared A et al.

Table 3. Comparison of the Heart Size Determined in CXR and Echocardiography 2

Normal Heart Size in CXR Cardiomegaly in CXR
Normal heart size in echocardiography 41.6 7.6
Cardiomegaly in echocardiography 33.5 17.3

d Data are presented as %.

Table 4. The Mean Size of RVEDD and LVEDD Determined by Echocardiography in Normal and Enlarged Heart Size in CXR @

Mean of RVEDD in Echocardiography

Mean of LVEDD in Echocardiography

CTR<50%in CXR 24.17+3.92
CIR 250%in CXR 26.57+4.74
Pvalue (Mann-Whitney U) 0.002

48.91+£6.37
51.59 £ 8.31
0.023

d Data are presented as Mean * SD.

The median of LVEDD and RVEDD were 50 mm (34-70
mm) and 24 mm (15-40 mm), respectively. Additionally,
the means were compared in normal (CTR < 50%) and
enlarged (CTR > 50%) heart size in CXR with Mann-
Whitney U-test, which demonstrated a statistically sig-
nificant difference between them (P value < 0.05, Table
4).

5. Discussion

Cardiomegaly is an independent prognostic factor
for mortality, and increased CTR, which (regardless of
its etiology) is associated with poor prognosis in older
patients. However, our study showed a significant dif-
ference between CTR in IHD and non-IHD patients (P =
0.02).

It should be noted that cardiomegaly found in CXR
correlates with 1.84 times increase in mortality. Also LV
hypertrophy determined by echocardiography is associ-
ated with 1.5 to 4 times increase in mortality, which is
indicative of great importance and necessity of early
diagnosis, especially in old or middle-aged patients (6,
8, 16). Cardiomegaly could result in mortality due to
some mechanisms such as higher oxygen need by larger
ventricular mass, fatal ventricular arrhythmias, and en-
dothelial dysfunction (25-27). LV size as an independent
factor can be an indicator of cardiovascular diseases,
which could be estimated by CTR (10, 16, 28).

Jung et al. showed that CTR in the detection of patho-
logic End Diastolic Volume Index and Ejection Fraction
had 77.3% and 57.4% sensitivity, 79.3% and 80.8% specific-
ity, and 78.9% and 72.5% accuracy, respectively. They con-
cluded that CTR in standard CXR can play an important
role in screening and follow-up of patients with cardiac
disease (29). Furthermore, in Nakamori’s study, CTR was
considered as the most effective measurement in CXR to
detect cardiomegaly, which has the minimum false pos-
itive in comparison with transverse and longitudinal
diameter of the heart and lungs (1). Also, Perez et al. de-
signed a study on patients with Chagas disease and con-
cluded that abnormal radiological findings in PA CXR in
comparison with echocardiography had 50% sensitivity

and 80.5% specificity (30). In another study, although
single-dimension echocardiography was shown to be
able to differentiate left ventricular hypertrophy from
dilatation, it did not show lateral or inferior enlarge-
ment of the heart. In other words, single-dimension
echocardiography does not accurately determine size of
the right ventricle (31).

On the contrary, in another study the clinical value of
cardiac volume determined by CXR, as a parameter for
left ventricular (LV) systolic function, was considered
low and dependent on the cause of heart enlargement,
and accuracy of CXR in diagnosis of cardiomegaly was
seen to be significantly lower than that of echocardiog-
raphy. Also Clark et al. demonstrated that echocardiog-
raphy and radionuclide ventriculography can depict
the degree of LV dysfunction much better than the CXR
(32). In our study, there was a significant difference in
terms of the heart size in echocardiography and CXR (P
= 0.003). However, this issue was predictable from the
beginning steps of the study, and we did not mean to
underestimate the value of echocardiography, but one
of the objectives of this study was to clarify that this
diagnostic tool should be used at a proper stage of ap-
proaching the patient (not for example screening).

Thus, this study is designed to clarify to what extent
CXR can be reliable in the detection of cardiomegaly.
The result indicates that CXR does not have high degree
of sensitivity (34%), despite its specificity (84.5%), which
in Jung study were 48.8% and 93.6% respectively. These
findings are quite compatible with our findings. This
slight difference between these two studies seems to be
due to the study method. In Jung study, besides PA view,
lateral view was also taken, but in our study the PA view
was merely taken to lower the risk of X-ray exposure and
also to be able to compare this study with other studies
(29).

In other words, when PA view of CXR indicates absence
of heart enlargement, to a great extent, the same result
can be seen in echocardiography, which is suggestive of
the remarkable role of CXR in screening.

Finally, CXR as a diagnostic procedure is not as strong
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and accurate as echocardiography, but its accessibil-
ity and high degree of specificity in diagnosis of car-
diomegaly would be very beneficial for the majority of
medical practitioners, especially in screening process
and patient detection.

Moreover, if CTR has increased in comparison with the
previous CXR, it could be more important than merely
knowing the CTR without comparison with other CXRs.
Consequently, it seems that a research project is on de-
mand in which patients undergo both echocardiogra-
phy and CXR at a regular and constant follow up, so that
these two procedures could be compared in the long
run and their relationship with prognosis of cardiovas-
cular patients be evaluated.
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