
 

ORIGINAL ARTICLE 
 

 

590   P J M H S  Vol. 14, NO. 1, JAN – MAR  2020 

A Study on the Correlation between the Radiographic and CT-Scan 
Measurement of Cardiothoracic Ratio 
 
ZOHREHABEDIFAR1, MOHAMMAD GHASEM HANAFI2, FERYAL SAADI3 

1Medical Student, Student Research Committee, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran 

2Assistant Professor of Radiology, Department of Radiology, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran 
3Diagnostic Radiology Resident, Department of Radiology, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran  
Correspondence to Dr. Mohammad Ghasem Hanafi, Email: gasemhanafi@gmail.com,Tel: +98(9166006702) 

 

ABSTRACT 
 

Background: The standard index for measurement of heart size is cardiothoracic ratio (CTR) that is measured 

based on chest radiograph. A small number of heart size assessments are performed using CT-scan. 
Aim: To evaluate the correlation between the radiographic and CT-scan measurement of CTR. 
Methods: The CXR and CT images were collected from the patients hospitalized in Imam Khomeini Hospital, 

Ahvaz, Iran. CTR was calculated by the ratio of the maximum transverse cardiac diameter to the largest transverse 
thoracic diameter in both CXR and CT-Scan (T, C) methods. Two methods were used to calculate CTR by CT-
scan. In second method, the long cardiac axis and the short axis were used to calculate CT-Scan (L, S). The 
correlation of age and CTR was also evaluated. 
Results: 122 patients with mean age of 54.89±18.53 years were studied. In all but 9 patients (92.62%), the values 

obtained from CT-Scan (T, C) were equal or smaller than CXR, and the difference in mean of CTR between two 
methods was 1.86% per patient. In all but 3 (97.54%) cases, the values obtained from CT-Scan (L, S) were equal 
or less than CXR, and the difference in mean of CTR between two methods was 0.14 per patient. 
Conclusion: The CTR values showed no significant difference between diagnostic values of CXR and CT-scan on 

assessment of increasing heart size. There was a significant positive correlation between CTR and age. Therefore, 
CTR can be a convenient way to measure the heart size. 
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INTRODUCTION 
 

Cardiothoracic ratio (CTR) is measured on a posterior-
anterior (PA) chest radiograph (CXR), and is the ratio of 
maximal horizontal cardiac diameter (CD) to maximal 
horizontal thoracic diameter (TD) (inner edge of ribs/edge 
of pleura) The normal CTR is between 0.39 and 0.50, with 
an average of 0.45 (1). The CTR less than 0.5 was the 
normal heart rate and more than 0.5 as cardiomagality2-5. 
The CTR is normally used to detect Cardiomegaly and to 
estimate left ventricular size1,2,6, which could be easily 
measured by CXR7,8. In several studies, CTR measured in 
CXR was considered as an independent predictor of 
mortality9-12. Another study showed that CTR with a high 
negative predictive value is important in rejection and 
cardiac dysfunction13. Although the results of several 
studies showed a limited CTR value in CXR as a predictor 
of mortality and left ventricular dilatation14-16, it is still a 
routine method used for radiologists to evaluate the rapid 
increase in heart rate and potential cardiac 
pathologies7,8,12,16-18 and is also a suitable method for 
screening and tracking heart disease19. Precise axial 
measurements have been made available using CT-scan 
recently20, and CTR can be used as a reliable, easy and 
renewable method for detecting cardiomegaly using CT-
scan in Axial View21. Quantitative studies have been 
performed on CT scan and CXR comparisons of CTR and 
there is no global standard for obtaining CT scan heart 
rate. Given the prevalence of heart disease and its 
importance as the cause of mortality in the universe, it 
looks as if the further studies on CTR and the evaluation of 
heart rate criteria including non-specialized imaging 
techniques such as CT-scan and CXR, which are 
commonly used necessary. The present study tried to 

compare CTR calculated by CXR in the posterior-anterior 
view with CT-scan calculated CTR in the axial view and the 
effect of age and gender on CTR separately in both 
methods. 
 

METHODS 
 

This was a retrospective and analytic study conducted on 
the medical records and CXR and CT images of the 
patients (n=122) hospitalized in Imam Khomeini Hospital, 
Ahvaz, Iran (Code of ethics: GP95149). The data collection 
process had been conducted one week. The CT-scan data 
and patient graphs including the largest transverse 
diameter of the heart, the largest cross-sectional diameter, 
CTR, age and sex of the patients were extracted from the 
packs-radiology system of the hospital. 

Axial view was used in CT-scan images. In these 
images, the surface of the largest diameter of the heart on 
the pivot plate was used to obtain the largest transverse 
diameters of the heart and the surface at which the dome 
of the left-hand side of the diaphragm appeared to get the 
largest transverse turret diameters. In the graph, the 
distance between the midline of the vertebrae and the outer 
edge of the apex of the heart and the right atrium was 
measured and their sum was obtained. The largest 
transverse turret diameters are measured at the surface of 
the shadow of the left-hand side of the aperture. Then, the 
CTR ratio was calculated by dividing the largest transverse 
diameters of the heart into the largest transverse turret 
diameters. 

The radiographies that were excluded from the study 
were cases of deformity of the vertebral column or chest 
wall, inadequate breath (less than 5 visible ribs are visible 
above the diaphragm of the anterior, or 9 ribs from the 
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posterior part), over expanded chest (more than 7 upper 
diaphragm ribs are seen). They were also the anterior and 
11 from the posterior, incomplete standing radiographs, 
mediastinal divergence, high patient turnover, inability to 
accurately determine the periphery of the heart with 
certainty (for example, the presence of extensive pleural 
effusion), placement of a part of the thoracic out of films. 
 

RESULTS  
 

122 patients (male/female: 71/51) with age range of 17 to 
90 years and mean age of 54.89 ± 18.5345 years were 
studied. The number of male patients was significantly 
higher than female ones (P < 0.05), but no significant 
difference was observed between their mean ages (P > 
0.05). Distribution of patients by different age groups was 
not significantly different (P > 0.05) (Table 1). 

The mean CTR on the basis of PA CXR was not 
significantly different with the values obtained from CT scan 
(T, C) and CT scan (L, S) measurements (Table 2). 

Except for nine patients, in all patients (92.62%), the 
values obtained from CT scan (T, C) method were smaller 
or equal to those of the CXR method, and the difference in 
mean values of the two methods was 1.86 per patient. In 
addition, except for three patients, in all patients (97.54%), 
the values obtained from CT scan (L, S) method were 
smaller than or equal to those of the CXR method, and the 
difference in mean values of the two methods was 0.14 per 
patient. The values of CTR obtained from the three 
measurement methods, i.e. PA CXR, CT scan (T, C), and 
CT scan (L, S), showed a positive and significant 
correlation with age, so that with increasing age, CTR also 
increased. It should be noted that this increase was higher 
in middle aged people than in the elderly (Table 3). 
 
Table1:: Distribution of patients by gender and age 

Variable Women Men P value 

Gender 51(41.8%) 71(58.2%) 0.032 

Age(Mean±SD) 58.29±16.738 52.77±19.419 0.42 

Age range N %  
 
 

0.112 

15 - 24 16 13.12% 

25 - 34 18 14.75% 

35 – 44 16 13.12% 

45 – 54 15 12.29% 

55 – 64 20 16.39% 

65 – 74 23 18.85% 

75 – 84 8 6.56% 

85 - 94 6 4.92% 

 
Table 2. Comparison of the mean CTR based on PA CXR and CT 
scan (T, C) and (L, S) 

Parameters (cm) Mean ± SD CTR P-Value 

CXR (T,C) 

A+B 14.34±2.02 
0.51±0.08 

 
 

0.452 
C 28.63±2.67 

CT-Scan (T,C) 

T 12.78±1.56 
0.52±0.07 

C 24.29±3.16 

CXR (L, S)  

A+B 14.34±2.02 
0.51±0.08 

 
 

0.088 

 

C 28.63±2.67 

CT-Scan (L, S) 

L 0.53±0.16 
0.49±0.56 

S 0.42±0.15 

Table 3 . Relationship between CTR and age separately for 
each measuring  method 

Age (year) CTR (Mean ± SD) r P value 

CXR 

15 - 24 0.50±0.073  
 

0.21 

 
 

0.016 
25 - 34 0.49±0.10 

35 – 44 0.49±0.08 

45 – 54 0.50±0.09 

55 – 64 0.54±0.07 

65 – 74 0.53±0.06 

75 – 84 0.52±0.64 

85 - 94 0.52±0.09 

CT-Scan (T , C) 

15 - 24 0.50±0.063  
 
 

0.30 

 
 
 

0.022 

25 - 34 0.50±0.07 

35 – 44 0.50±0.54 

45 – 54 0.51±0.77 

55 – 64 0.55±0.045 

65 – 74 0.56±0.95 

75 – 84 0.53±0.51 

85 - 94 0.52±0.73 

CT-Scan (L, S) 

15 - 24 0.48±0.055 

0.19 0.045 

25 - 34 0.49±0.023 

35 – 44 0.49±0.065 

45 – 54 0.50±0.075 

55 – 64 0.52±0.081 

65 – 74 0.51±0.022 

75 – 84 0.051±0.042 

85 - 94 0.050±0.044 

 

DISCUSSION 
 

The present study was aimed to compare the CTRs 
obtained from CXR and CT scan of the lung. In the present 
study, the number of male patients (58.2%) was 
significantly higher than the female ones (41.8%), but no 
significant difference was observed between their mean 
ages. In addition, the distribution of patients in different age 
groups was almost uniform and did not differ significantly. 
The mean CTR on the basis of PA CXR and the values 
obtained from the two measuring methods, CT scan (T, C) 
and CT scan (L, S),were almost equal and did not have a 
statistically significant difference. 

In the study of Miller et al., there was no significant 
difference between the CTRs obtained from CXR and 
Helical CT, and they concluded that both methods can be 
used quickly, usefully, and renewably as a standard for 
determining the size of the heart its volume22. The study of 
Winklhofer et al. suggested that calculating CTR by CT 
scan is useful and reliable for postmortem diagnosis of 
cardiomegaly, and can lead to a reduction in the number of 
autopsies performed to detect the cause of death23. The 
above studies were consistent with the results of the 
present study.  

Except for nine patients, in all patients (92.62%), the 
values obtained from CT scan (T, C) method were smaller 
or equal to those of the CXR method, and the difference in 
mean values of the two methods was 1.86 per patient. 
Also, except for three patients, in all patients (97.54%), the 
values obtained from CT scan (L, S) method were smaller 
than or equal to those of the CXR method, and the 
difference in mean values of the two methods was 0.14 per 
patient. Also, in the study of Miller et al., the values of CTR 
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obtained from the measurement of transverse diameter of 
the heart by CT scan (T, C) and CT scan (L, S) methods 
with a mean difference of 2.92 and 0.038, respectively, 
were smaller than those of the CXR, which were consistent 
with the results of the present study. 

The values of CTR obtained from the three 
measurement methods, i.e. PA CXR, CT scan (T, C), and 
CT scan (L, S), showed a positive and significant 
correlation with age, so that with increasing age, CTR also 
increased.The study of Potter et al. showed that TD of 
middle-aged people was larger than that of young people, 
but the TD of the elderly was smaller than that of middle-
aged people, and overall, the CTR values for the age group 
of 50 to 90 years increased12. 

The findings of the study conducted by Taghavi 
Shavazi et al. revealed that the CTRs obtained from 
echocardiography and chest X-ray had a significant 
correlation with age, so that those with a CTR greater than 
50% had a mean age higher than those with a CTR less 
than 50% (24).The results of Inoue et al. showed an 
increase in CTR and CD, and a reduction in TD in women 
of older age groups based on CXR, so that the percentage 
of cardiomegaly was significantly increased in older age 
groups. They concluded that because of the possible 
changes that are caused by normal aging, the classical 
upper limit (50%) for CTR should not be generalized to old 
women25. The above studies were consistent with the 
results of the present study. 
 

CONCLUSIONS 
 

The results of this study showed that the values obtained in 
determining the CTR using CT scan as a simple and 
retrievable method were very close to those obtained from 
the CXR as a standard method for measuring CTR. There 
was no significant relationship between gender and CTR 
values, but there was a positive and significant correlation 
between CTR and age. 
Acknowledgments: We would like to thank the Research 

Committee of Jondishapur University of Medical Science, 
Ahvaz, Iran and Department of Radiology , Imam Khomeini 
Hospital, Ahvaz, Iran for their support and cooperation. We 
express our deepest gratitude to Dr. Mohammad Ghasem 
Hanafi, the assisstant Professor of Radiology for his kind 
support. This paper is extracted from the doctoral thesis 
accomplished by Zohreh Abedifar(GP95149). 
 

REFERENCES 
 

1. Danzer CS. The cardiothoracic ratio: an index of cardiac enlargement. 

Am J Med Sci 1919; 157: 513-521. 
2. Michiue T, Ishikawa T, Sakoda S, Quan L, Li DR, Kamikodai Y, et al. 

Cardiothoracic ratio in postmortem chest radiography with regard to 
the cause of death. Leg Med (Tokyo). 2010;12(2):73–8. 

3. Raphael MJ. The normal heart. In: Sutton D, editor. Textbook of 
radiology and imaging. 6th ed. London: Church Livingstone; 1998. p. 
541–62. 

4. Weissleder R, Wittenberg J, Harisinghani MG. Primer of diagnostic 
imaging. 5th ed. St.Louis: Elsevier/Mosby; 2011. 

5. Ernst ER, Shub C, Bailey KR, Brown LR, Redfield MM. Radiographic 
measurements of cardiac size as predictors of outcome in patients 
with dilated cardiomyopathy. J Card Fail. 2001;7(1):13–20. 

6. Zaman MJ, Sanders J, Crook AM, Feder G, Shipley M, Timmis A, et 
al. Cardiothoracic ratio within the ‘‘normal’’ range independently 
predicts mortality in patients undergoing coronaryangiography. Heart. 
2007;93(4):491–4. 

7. Davis JL, Murphy ML, Blue LR, Ferris EJ. A comparison of objective 
measurements on the chest roentgenogram as screening tests for 
right or left ventricular hypertrophy. Am J Cardiol. 1986;58(7):658–60. 

8. Rubens M. The chest x-ray in adult heart disease. In: Julian CAD,Fox 
KM, Hall RJC, Poole-Wilson PA, eds. Diseases of the Heart. London, 
UK: Saunders; 1996:253-283.  

9. Cohn JN, Johnson GR, Shabetai R, Loeb H, Tristani F, Rector T, et al. 
Ejection fraction,peak exercise oxygen consumption, cardiothoracic 
ratio, ventricular arrhythmias, and plasma norepinephrine as 
determinants of prognosis in heart failure. The VHeFT VA Cooperative 

Studies Group.Circulation .199387 ؛:VI5–VI16.  

10. Giamouzis G, Sui X, Love TE, Butler J,Young JB, Ahmed A  A 
propensity-matched study of the association of cardiothoracic ratio 
with morbidity and mortality in chronic heart failure. Am J Cardiol .2008 

 .347–101:343؛
11. Hemingway H, Shiplay M, Christie D, Marmot M, Cardiothoracic ratio 

and relative heart volume as predictors of coronary heart desease 
mortality. The whitehall study 25 year follow-up . Euro Heart J . 

 .69-19:859؛1998
12. Potter JF, Elahi D, Tobin JD, Andres R. Effect of aging on the 

cardiothoracic ratio of men. J Am Geriatr Sot 1982;30:404-9. 
13. Lupow J B , Boss D . The accuracy of the Cardiothoracic ratio as a 

predictor of cardiac enlargment and dysfanction . Academic 

Emergency Medicine .2002462 :9 ؛. 
14. Murphy ML, Blue LR, Thenabadu PN, Phillips JR, Ferris EJ. The 

reliability of the routine chest roentgenogram for determination of heart 
size based on specific ventricular chamber evaluation at postmortem. 
Invest Radiol. 1985;20(1):21–5. 

15. Clark AL, Coats AJ. Unreliability of the cardiothoracic ratio as a marker 
of left ventricular impairment: comparison with radionuclide 
2000;76:289-291. 

16. Hammermeister KE, Chikos PM, Fisher L, Dodge HT. Relationship of 
cardiothoracic ratio and plain film heart volume to late survival. 
Circulation. 1979;59:89-95. 

17. Fuster V, Gersh B, Giuliani E, Tajik A, Brandenburg RO, Frye RL. The 

natural history of idiopathic dilated cardiomyopathy. Am J Cardiol 
1981;47:525-31. 

18. Laczkovics F, Grabenwoger H, Teufelsbauer W, Dock W, Wollenek G, 
Wolner E. Noninvasive assessment of acute rejection after orthotopic 
heart transplantation: value of changes in cardiac volume and 
cardiothoracic ratio. J Cardiovast Surg 1988;29:582-6. 

19. Jung G, Landwehr P, Schanzenbächer G, Faeber B, Lackner K. Value 
of thoracic radiography in the assessment of cardiac size. A 
comparison with left ventricular cardiography .Rofo . 1995 ;162(5):368-
72. 

20. Gollub MJ,Panu N, Delaney H, Sohn M, Zheng J, Moskowitz CS, et al. 
.Shall we report cardiomegaly at routine computed tomography of the 

chest? J Comput Assist Tomogr 201271–67:(1)36 ؛. 
21. Chon SB, Oh WS, Cho JH, Kim SS, Lee SJ. Calculation of the 

cardiothoracic ratio from portable anteroposterior chest radiography. J 

Korean Med Sci.20111453–1446:(11)26 ؛. 
22. Miller J, Singer A, Hinrichs C, Contractor S, Doddakashi S. Cardiac 

dimensions derived from helical Ct: correlation with plain film 

radiography. Internet J Radiat Biol. 1999(1)1 ؛  

23. Winklhofer S, Berger N, Ruder T, Elliott M, Stolzmann P, Thali M , et al 
.Cardiothoracic ratio in postmortem computed tomography: reliability 
and threshold for the diagnosis of cardiomegaly. Forensic Sci Med 

Pathol .201449–10:44 ؛. 
24. Taghavi - Shavazi M, Latif M, Bashardoost N. Determination and 

Comparison of Echocardiographic Findings According to Cardio 
Thoracic Ratio (CTR) in Chest X–Ray. The Journal of Shahid 
Sadoughi University of Medical Sciences. 2008;16(2):9-14. 

25. Inoue K, Yoshii K, Ito H. Effect of aging on cardiothoracic ratio in 
women: a longitudinal study. Gerontology. 1999 Jan-Feb;45(1):53-8. 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20G%5BAuthor%5D&cauthor=true&cauthor_uid=7772757
http://www.ncbi.nlm.nih.gov/pubmed/?term=Landwehr%20P%5BAuthor%5D&cauthor=true&cauthor_uid=7772757
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schanzenb%C3%A4cher%20G%5BAuthor%5D&cauthor=true&cauthor_uid=7772757
http://www.ncbi.nlm.nih.gov/pubmed/?term=Faeber%20B%5BAuthor%5D&cauthor=true&cauthor_uid=7772757
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lackner%20K%5BAuthor%5D&cauthor=true&cauthor_uid=7772757

