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C ardiac chamber enlargement is important to identify, 
given that it is a predictor of poor outcomes and may 
reflect potentially treatable underlying disease.1 Car

diac chamber size can be assessed using multiple imaging 
modalities, including chest radiography, echocardiography, 
computed tomography and cardiac magnetic resonance 
im aging (MRI).2–4 Although cardiac MRI is considered the refer
ence standard for the evaluation of cardiac size and function, it 
is rarely performed as an initial investigation because of its rel
atively high cost and limited availability.5 On the other hand, 
chest radiography is frequently performed as the initial 
im aging investigation for suspected pulmonary and cardiac 
disease, including in patients presenting with shortness of 
breath and chest pain.6,7 Therefore, accurate and reproducible 
meas ures of cardiac enlargement on chest radiography would 

help to identify patients with underlying cardiac disease who 
might benefit from further investigation.

Cardiac enlargement is frequently evaluated on chest radi
ography using the cardiothoracic ratio (CTR), which was ori
ginally described in 1919.8 Although this sign is an accepted and 
frequently used marker of cardiac enlargement, it has not been 
validated against cardiac MRI or other contemporary methods 
of objectively assessing cardiac chamber size. Some studies 
have shown that the CTR, as assessed using the originally 
described cutpoint of 0.5, has low specificity and diagnostic 
accuracy for cardiac enlargement, and therefore may be of 
 limited clinical utility.9–11 The purpose of this study was to evalu
ate new meas urement techniques and cutpoints for the detec
tion of cardiac chamber enlargement on chest radiography in 
comparison with MRI.
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Abstract
Background: The cardiothoracic ratio 
(CTR) is commonly assessed on chest 
radiography for detection of cardiac 
chamber enlargement, but the tradi
tional cutpoint of 0.5 has low specificity. 
We sought to evaluate the diagnostic 
accuracy of new measurement tech
niques for the detection of cardiac 
enlargement on chest radiographs.

Methods: We obtained retrospective 
crosssectional data on consecutive 
patients who underwent both chest 
radiography and cardiac magnetic res
onance imaging (MRI) within a 14day 
interval between 2006 and 2016 at a 
large academic hospital network. We 

established the presence of cardiac 
chamber enlargement using cardiac MRI 
as the reference standard. We evaluated 
the diagnostic performance of different 
techniques for measuring heart size and 
CTR on frontal chest radiographs.

Results: Of 152 patients included, 81 
(53%) were men and the mean age was 
52 years. Maximum heart diameter had 
the highest area under the receiver  
operating characteristic curve for detec
tion of cardiac enlargement (0.827, 95% 
confidence interval 0.760–0.894). In the 
subgroup of posteroanterior chest radi
ography studies (n = 101), a CTR cutpoint 
of 0.50 had only moderate sensitivity 

(72%) and specificity (72%). In men, a 
maximum heart diameter cutpoint of 
15 cm had a sensitivity of 86% and a neg
ative like lihood ratio of 0.24, and a cut
point of 19 cm had a specificity of 100% 
and a posi tive likelihood ratio of infinity. In 
women, a maximum heart diameter cut
point of 13 cm had a sensitivity of 91% 
and a negative likelihood ratio of 0.15, and 
a cutpoint of 17 cm had a specificity of 
91% and a positive likelihood ratio of 3.5.

Interpretation: A traditional CTR cut
point of 0.5 has limited diagnostic value. 
Simple heart diameter measurements 
have higher diagnostic performance  
measures than CTR.
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Methods

Study design
We conducted a retrospective, crosssectional study using a 
medical imaging database of patients from 3 sites of an aca
demic hospital network (University Health Network, Toronto, 
Ontario). We included consecutive adult patients (≥  18 yr) who 
had undergone chest radiography, contrastenhanced chest 
computed tomography and cardiac MRI within a 14day interval 
between August 2006 and August 2016. Exclusion criteria 
included congenital heart disease, incomplete MRI, presence of 
more than a small pericardial effusion on MRI and inability to 
measure heart diameter on chest radiography because of large 
pleural effusions.

Chest radiography and measurements
Chest radiography was performed using conventional radi
ography equipment and standard patient positioning. Posteroan
terior (PA) chest radiography was performed in the upright posi
tion at full inspiration with a sourcetotarget (focal spottofilm) 
distance of approximately 180 cm. Portable anteroposterior (AP) 
chest radiography was typically performed in emergency depart
ment or inpatient settings when patients were unable to com
plete standard PA chest radiography, either upright or supine.

A radiologist with fellowship training in cardiothoracic 
im aging analyzed radiographs offline, blinded to all identifying 
information and cardiac MRI results. The radiologist assessed 
heart size using the maximum transverse diameter, assessed as a 
single measurement, and as the sum of the maximum distance 

from the midline to the right and left heart borders (Figure 1A). 
Thor acic size was measured between the inner margins of the 
ribs at the dome of the right hemidiaphragm, at the level of the 
mid heart and at the maximum diameter at any level (Figure 1B). 
The radiologist calculated 6 separate CTRs by dividing each heart 
measurement by each thoracic measurement. They evaluated 
images for rotation, which was scored as present if the distance 
between the medial ends of the clavicles and the spinous pro
cesses of thoracic vertebral bodies differed by greater than 1 cm 
between the right and left sides.12 The degree of inspiration was 
also assessed and was scored as limited inspiration if the right 
tenth posterior rib was not visualized above the dome of the 
right hemidiaphragm.13

To assess interobserver agreement, a second fellowship
trained observer reanalyzed a random subset of 50 studies, 
blinded to the results of the initial assessment and all identifying 
data.

Reference standard
Cardiac MRIs were performed at 1.5 T or 3 T (MAGNETOM Avanto 
or Skyra; Siemens Healthineers). Ventricular and atrial size were 
assessed using shortaxis and 4chamber, cine balanced steady
state free precession (bSSFP) images, respectively (slice thick
ness 6–8 mm, 0–2 mm gap, inplane resolution 1.4–2.0 mm and 
temporal resolution 30–40 ms).

A radiologist with fellowship training in cardiothoracic imaging 
performed cardiac MRI analysis, blinded to the results from the 
chest radiographs and all clinical information. Postprocessing was 
performed offline using commercially available software (QMASS, 

Figure 1: Representative heart (A) and thoracic (B) measurements on an upright posteroanterior chest radiograph in a 61yearold man with chest pain. 
(A) Heart size was assessed using the maximum transverse diameter, assessed as a single measurement (red dashed line, a), and the sum of the maxi
mum distance from the midline to the right and left heart borders (white lines, b plus c). (B) Thoracic size was measured between the inner margins of 
the ribs at 3 levels: at the maximum diameter at any level (red dashed line, a), at the level of the mid heart (white line, b) and at the dome of the right 
hemidiaphragm (white line, c). Measurement techniques depicted using red dashed lines on A and B are those suggested for assessment of heart and 
thoracic size, respectively.
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Medis Suite v3.0.18.6, Medis Medical Imaging Systems), in accor
dance with current guidelines.14 Left and right ventricular endocar
dial borders were contoured for assessment of enddiastolic vol
umes, which were indexed to body surface area. Maximum left and 
right atrial crosssectional areas were assessed at ventricular end
systole. The presence of cardiac chamber enlargement was estab
lished using sexspecific thresholds.15,16 The diagnostic perform
ance of measurements from chest radiographs was evaluated with 
respect to detection of any cardiac chamber enlargement, defined 
as enlargement of at least 1 of the 4 cardiac chambers on MRI. Left 
ventricular enlargement was also evaluated separately, given that 
a few previous studies have evaluated the diagnostic performance 
of CTR with respect to left ventricular enlargement.10

Statistical analysis
We performed statistical analysis using Stata v14.1 (StataCorp). We 
considered a 2tailed p value < 0.05 statistically significant. We 
tested continuous data for normal distribution using the Shapiro–
Wilk test. We described continuous variables using means and 
standard deviations, and categorical variables using numbers and 
percentages. We evaluated the diagnostic performance of CTRs 
and cardiac diameter measurements using receiver operating 
characteristic curve analysis. We evaluated diagnostic perform
ance of chest radiograph measurements in comparison with car
diac MRI, including sensitivity, specificity and positive and nega
tive likelihood ratios. We assessed interobserver agreement using 
individual intraclass correlation coefficients with 2way random 
effects models. We used linear regression to evaluate the associa
tion of enlargement of different cardiac chambers on MRI with 
maximum heart diameter and CTR on chest radiographs.

Ethics approval
This study was approved by the institutional research ethics 
board of the University Health Network, which waived the 
requirement for written informed consent.

Results

A total of 152 patients were included in the study, with a mean 
age of 52 (standard deviation [SD] 17) years (53% men) (Figure 2 
and Table 1). The mean interval between chest radiography and 
MRI was 5.1 (SD 3.6) days. The prevalence of any cardiac cham
ber enlargement on MRI was 61%. Overall, 101 (66%) chest radio
graphs were PA radiographs and 51 (34%) were AP. We observed 
excellent interobserver reliability for all measurements from 
chest radiographs (Table 2).

Heart diameter
Among the measurements evaluated, maximum heart diameter 
(when calculated as a single measurement at any level) had the 
highest area under the receiver operating characteristic curve for 
detection of cardiac enlargement (Table 2). Maximum heart 
diameter was significantly higher in men than women (16.9 [SD 
2.7] cm v. 15.1 [SD 2.3] cm, p < 0.001).

In the subgroup of PA chest radiographs, a maximum heart 
diameter cutpoint of 15 cm had a sensitivity of 86% and a negative 

likelihood ratio of 0.24, and a cutpoint of 19 cm had a specificity of 
100% and a positive likelihood ratio of infinity among men (Table 3 
and Figure 3). Among women, a maximum heart diameter cut
point of 13 cm had a sensitivity of 91% and a negative likelihood 
ratio of 0.15, and a cutpoint of 17 cm had a specificity of 91% and a 
positive likelihood ratio of 3.5.

Maximum heart diameter was significantly higher in the sub
group with AP chest radiographs than those with PA chest radio
graphs (17.0 [SD 2.5] cm v. 15.6 [SD 2.7] cm, p = 0.002). In the AP 
subgroup, a maximum heart diameter cutpoint of 15 cm had a 
sensitivity of 90% and a negative likelihood ratio of 0.37, and a 
cutpoint of 19 cm had a specificity of 100% and a positive likeli
hood ratio of infinity among men. Among women, a maximum 
heart diameter cutpoint of 13 cm had a sensitivity of 100% and a 
negative likelihood ratio of 0, and a cutpoint of 17 cm had a 
speci ficity of 89% and a positive likelihood ratio of 4.5.

Cardiothoracic ratio
Among the 6 CTRs evaluated, the CTR assessed as the ratio of 
maximum heart diameter (from a single measurement) divided 
by maximum thoracic diameter (at any level) had the highest 
area under the curve and highest reproducibility, and was used 
for all subsequent analyses of CTR. The CTR did not differ signifi
cantly between men and women (0.53 [SD 0.08] v. 0.54 [SD 0.09], 
p = 0.2).

In the subgroup of PA chest radiographs, a CTR cutpoint of 
0.50 had moderate sensitivity (72%) and specificity (72%), a posi
tive likelihood ratio of 2.6 and a negative likelihood ratio of 0.38. 
However, a cutpoint of 0.45 had a sensitivity of 88% with a nega
tive likelihood ratio of 0.31, and a cutpoint of 0.60 had a specifi
city of 95% and a positive likelihood ratio of 5.2.

The CTR was significantly higher in the subgroup of AP chest 
radiographs (0.57 [SD 0.08] v. 0.52 [SD 0.08], p = 0.002). In this sub
group, a traditional CTR cutpoint of 0.50 had a sensitivity of 89%, 
a specificity of 38%, a positive likelihood ratio of 1.40 and nega
tive likelihood ratio of 0.31. However, a CTR cutpoint of 0.45 had a 
sensitivity of 97% with a negative likelihood ratio of infinity, and a 

Excluded  n = 38 
• Congenital heart disease  n = 12 

• Incomplete cardiac MRI  n = 21 
• Pericardial e�usion  n = 0 

• Large pleural e�usion  n = 5 

Potentially eligible 
participants

n = 190

No cardiac chamber 
enlargement

n = 59

Enlargement of any 
cardiac chamber

n = 93

Figure 2: Flow diagram of study participants. Note: MRI = magnetic res
onance imaging.
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cutpoint of 0.60 had a specificity of 94% and a positive likelihood 
ratio of 7.80.

Compared with a traditional CTR cutpoint of 0.5, a CTR cut
point of 0.6 correctly reclassified 19 (32%) of 59 of patients with
out cardiac enlargement as negative, and a CTR cutpoint of 0.45 
correctly reclassified 12 (13%) of 93 of patients with cardiac 
enlargement as positive.

Sensitivity analysis
We also evaluated the proposed measurement cutpoints for 
detection of cardiac chamber enlargement in subsets of chest 
radiographs with rotation and limited inspiration. In the subset 

with rotation, a CTR cutpoint of 0.45 had a sensitivity of 100%, 
and a cutpoint of 0.60 had a specificity of 91%. In men, a heart 
diameter cutpoint of 15 cm had a sensitivity of 100%, and a cut
point of 19 cm had a specificity of 69%; in women, a heart diam
eter cutpoint of 13 cm had a sensitivity of 100%, and a cutpoint 
of 17 cm had a specificity of 79%. In the subset with limited 
inspir ation, a CTR cutpoint of 0.45 had a sensitivity of 96%, and a 
cutpoint of 0.60 had a specificity of 94%. In men, a maximum 
heart diameter cutpoint of 15 cm had a sensitivity of 94%, and a 
cutpoint of 19  cm had a specificity of 100%; in women, a maxi
mum heart diameter cutpoint of 13 cm had a sensitivity of 100%, 
and a cutpoint of 17 cm had a specificity of 81%.

Table 1: Baseline clinical and imaging characteristics

Baseline characteristics

No. (%) of patients*

p value
Total 
n = 152

No cardiac 
enlargement 

n = 59

Cardiac 
enlargement 

(any chamber) 
n = 93

Age, yr, mean ± SD 52 ± 17 51 ± 17 53 ± 17 0.5

Sex, male 81 (53) 27 (46) 54 (58) 0.2

BSA, m2, mean ± SD 1.87 ± 0.26 1.83 ± 0.20 1.90 ± 0.28 0.07

Interval between CXR and MRI, d, mean ± SD 5.1 ± 3.6 4.9 ± 3.3 5.3 ± 3.7 0.5

Cardiac enlargement on MRI

    Any chamber enlargement 93 (61) – 93 (100)

    Right atrial enlargement 37 (24) – 37 (40)

    Left atrial enlargement 60 (39) – 60 (65)

    Right ventricular enlargement 25 (16) – 25 (27)

    Left ventricular enlargement 40 (26) – 40 (43)

CXR setting 0.8

    Inpatient or emergency department 129 (86) 50 (85) 79 (87)

    Outpatient 21 (14) 9 (15) 12 (13)

CXR technique 0.2

    PA 101 (66) 43 (73) 58 (62)

    AP 51 (34) 16 (27) 35 (38)

Rotation 33 (22) 12 (20) 21 (23) 0.8

Limited inspiration 66 (43) 28 (47) 38 (41) 0.5

CXR measurements, cm, mean ± SD

    Heart (maximum single measurement) 16.1 ± 2.7 14.3 ± 2.1 17.2 ± 2.4 < 0.001

    Heart (right plus left) 16.1 ± 2.9 14.3 ± 2.1 17.2 ± 2.8 < 0.001

CTRs, mean ± SD

    Single heart measurement/maximum chest 0.53 ± 0.08 0.48 ± 0.07 0.57 ± 0.08 < 0.001

    Single heart measurement/chest at diaphragm 0.56 ± 0.09 0.51 ± 0.08 0.59 ± 0.08 < 0.001

    Single heart measurement/chest at mid heart 0.57 ± 0.09 0.52 ± 0.08 0.60 ± 0.09 < 0.001

    Right plus left heart/maximum chest 0.54 ± 0.09 0.49 ± 0.07 0.57 ± 0.09 < 0.001

    Right plus left heart/chest at diaphragm 0.56 ± 0.10 0.51 ± 0.08 0.59 ± 0.10 < 0.001

    Right plus left heart/chest at mid heart 0.57 ± 0.10 0.52 ± 0.09 0.60 ± 0.10 < 0.001

Note: AP = anteroposterior, BSA = body surface area, CTR = cardiothoracic ratio, CXR = chest radiography, MRI = magnetic resonance imaging, PA = posteroanterior.
*Unless indicated otherwise.
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Table 2: Areas under the receiver operating characteristic curve for cardiac chamber 
enlargement and interobserver agreement

Variable
Area under the curve 

(95% CI)
Interobserver agreement 

ICC (95% CI)*

CXR measurement

    Heart (maximum single measurement), cm 0.827 (0.760–0.894) 0.985 (0.958–0.993)

    Heart (right plus left), cm 0.816 (0.747–0.885) 0.941 (0.899–0.966)

CTR 

    Single heart measurement/maximum chest 0.788 (0.715–0.861) 0.986 (0.972–0.993)

    Single heart measurement/chest at diaphragm 0.762 (0.684–0.841) 0.985 (0.966–0.992)

    Single heart measurement/chest at mid heart 0.764 (0.686–0.842) 0.966 (0.548–0.990)

    Right plus left heart/maximum chest 0.779 (0.704–0.854) 0.939 (0.900–0.965)

    Right plus left heart/chest at diaphragm 0.757 (0.677–0.836) 0.940 (0.898–0.966)

    Right plus left heart/chest at mid heart 0.757 (0.678–0.837) 0.937 (0.892–0.963)

Note: CI = confidence interval, CTR = cardiothoracic ratio, CXR = chest radiography, ICC = intraclass correlation coefficient.
*We calculated ICC only for a subset of 50 patients.

Table 3: Sensitivity and specificity of specific cutpoints for detection of cardiac enlargement

Cutpoint
Sensitivity, % 

(95% CI)
Specificity, % 

(95% CI)

Positive   
likelihood ratio 

(95% CI)

Negative 
likelihood ratio 

(95% CI)

PA-CXR

CTR for men and women (n = 101)

    0.45 88 (77–95) 40 (25–56) 1.45 (1.12–1.89) 0.31 (0.14–0.67)

    0.50 72 (59–83) 72 (56–85) 2.59 (1.56–4.30) 0.38 (0.24–0.60)

    0.60 24 (14–37) 95 (84–99) 5.19 (1.24–21.60) 0.80 (0.68–0.93)

Maximum heart diameter for men, cm (n = 55)

    15 86 (70–95) 60 (36–81) 2.14 (1.23–3.73) 0.24 (0.10–0.58)

    19 29 (15–46) 100 (83–100) Infinity 0.71 (0.58–0.88)

Maximum heart diameter for women, cm (n = 46)

    13 91 (72–99) 57 (35–77) 2.10 (1.30–3.40) 0.15 (0.04–0.61)

    17 30 (13–53) 91 (72–99) 3.50 (0.81–15.10) 0.76 (0.57–1.00)

AP-CXR

CTR for men and women (n = 51)

    0.45 97 (85–100) 0 (0–21) 0.97 (0.92–1.00) Infinity

    0.50 89 (73–97) 38 (15–65) 1.42 (0.95–2.11) 0.31 (0.10–0.93)

    0.60 49 (31–66) 94 (70–100) 7.77 (1.13–53.40) 0.55 (0.39–0.78)

Maximum heart diameter for men, cm (n = 26)

    15 90 (67–99) 29 (4–71) 1.25 (0.77–2.05) 0.37 (0.06–2.1)

    19 42 (20–67) 100 (59–100) Infinity 0.58 (0.40–0.85)

Maximum heart diameter for women, cm (n = 25)

    13 100 (79–100) 11 (0–48) 1.13 (0.89–1.42) 0 (0)

    17 50 (25–75) 89 (52–100) 4.50 (0.67–30.40) 0.56 (0.33–0.97)

Note: AP = anteroposterior, CI = confidence interval, CTR = cardiothoracic ratio, CXR = chest radiography, PA = posteroanterior. 
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Figure 3: Receiver operating characteristic (ROC) curves for measurements from patients with any cardiac chamber enlargement, including (A) cardio
thoracic ratios (CTR) from posteroanterior chest radiographs (PACXR) and (B) anteroposterior chest radiographs (APCXR) for both men and women, 
(C) heart diameters measured from women with (C) PACXRs and (D) APCXRs, and for men with (E) PACXRs) and (F) APCXRs. Upper cutpoints are 
shown in yellow and lower cutpoints are shown in orange. 
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We evaluated the same proposed measurement cutpoints 
for detection of left ventricular enlargement (Table 4). Accuracy 
was similar overall to the results for cardiac chamber enlarge
ment, except that for left ventricular enlargement, sensitivities 
tended to be slightly higher and specificities tended to be 
slightly lower.

Contributions of cardiac chamber enlargement
Enlargement of each individual cardiac chamber was positively 
associated with both CTR and maximum heart diameter on linear 
regression (Table 5). For example, patients with enlargement of 
any cardiac chamber had a maximum heart diameter that was 
2.97  cm larger, on average, than in patients with no cardiac 
chamber enlargement.

Right atrial enlargement had the highest R2 values, which indi
cates that variability in right atrial enlargement explains a higher 
proportion of variation in both maximum heart diameter and 
CTR than enlargement of the other cardiac chambers (Figure 4). 
Overall, enlargement of any cardiac chamber explained 23.0% of 
variation in CTR and 28.7% of variation in maximum heart 
diameter.

Interpretation

The results of this study show that a traditional CTR cutpoint of 0.5 
has limited diagnostic utility, given moderate sensitivity and speci
ficity. However, the simple heart diameter measurements and new 
CTR cutpoints proposed have higher diagnostic performance. A CTR 
cutpoint of 0.45 and a maximum heart diameter cutpoint of 13 cm in 
women and 15 cm in men have high sensitivity and low negative 
likelihood ratios, and are useful in ruling out cardiac chamber 
enlargement when negative. A CTR cutpoint of 0.60 and a maximum 
heart diameter cutpoint of 17 cm in women and 19 cm in men have 
high specificity and moderately high positive likelihood ratios, and 
are useful in ruling in cardiac chamber enlargement when positive. 
Cardiothoractic ratio values between 0.45 and 0.60 and heart diam
eter measurements between 13 and 17 cm in women and between 
15 and 19 cm in men are indeterminate and are not helpful in ruling 
in or out cardiac enlargement. These findings were relatively robust 
on sensitivity analysis. Therefore, we have not proposed separate 
cutpoints for different scenarios (for example, on AP v. PA chest 
radiographs) to keep the suggested cutpoints simple and to facili
tate ease of use in routine clinical practice.

Table 4: Sensitivity and specificity of specific cutpoints for detection of left ventricular 
enlargement

Cutpoint
Sensitivity, % 

(95% CI)
Specificity, % 

(95% CI)

Positive 
likelihood ratio 

(95% CI)

Negative 
likelihood ratio 

(95 CI%)

PA-CXR

CTR for men and women (n = 101)

    0.45 96 (79–100) 30 (20–41) 1.37 (1.16–1.62) 0.14 (0.02–0.98)

    0.50 79 (58–93) 55 (43–66) 1.74 (1.27–2.40) 0.38 (0.17–0.86)

    0.60 17 (5–37) 84 (74–92) 1.07 (0.38–3.01) 0.99 (0.81–1.21)

Maximum heart diameter for men, cm (n = 55)

    15 94 (73–100) 43 (27–61) 1.66 (1.23–2.25) 0.13 (0.02–0.89)

    19 28 (10–54) 87 (71–96) 2.06 (0.68–6.20) 0.84 (0.61–1.14)

Maximum heart diameter for women, cm (n = 46)

    13 100 (54–100) 38 (23–54) 1.60 (1.26–2.03) 0 (0)

    17 33 (4–78) 83 (67–93) 1.90 (0.51–7.11) 0.81 (0.45–1.45)

AP-CXR

CTR for men and women (n = 51)

    0.45 94 (70–100) 20 (8–37) 0.94 (0.83–1.06) 0.30 (0–3.80)

    0.50 88 (62–98) 23 (10–40) 1.13 (0.88–1.47) 0.55 (0.13–2.29)

    0.60 50 (25–75) 71 (54–85) 1.75 (0.85–3.59) 0.70 (0.41–1.19)

Maximum heart diameter for men, cm (n = 26)

    15 88 (47–100) 17 (4–41) 1.05 (0.75–1.47) 0.75 (0.09–6.15)

    19 38 (9–76) 72 (47–90) 1.35 (0.42–4.32) 0.87 (0.47–1.59)

Maximum heart diameter for women, cm (n = 25)

    13 100 (63–100) 6 (0–29) 1.06 (0.94–1.20) 0 (0)

    17 50 (16–84) 71 (44–90) 1.70 (0.62–4.67) 0.71 (0.33–1.51)

Note: AP = anteroposterior, CI = confidence interval, CTR = cardiothoracic ratio, CXR = chest radiography, PA = posteroanterior.
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Only a few previous studies have evaluated the diagnostic 
performance of CTR in detecting cardiac enlargement using 
2dimensional transthoracic echocardiography as the reference 
standard, with low specificity.17,18 The strengths of the current 
study include use of cardiac MRI as the reference standard, a 
relatively large sample of men and women, and sexspecific 

analysis for heart diameter measurements. Men tend to have 
slightly larger cardiac chamber sizes than women, and there
fore we evaluated maximum heart diameter cutpoints by 
sex.15,19 Use of a single cutpoint for both sexes would result in 
lower specificity in men and lower sensitivity in women. On the 
other hand, CTR is calculated by dividing heart diameter by 

Figure 4: (A) Frontal posteroanterior chest radiograph and (B) coronal steadystate free precession cardiac magnetic resonance imaging scan of a 
32yearold woman, showing the relative contributions of cardiac chambers to the right and left cardiac borders on chest radiographs. The right heart 
border is formed primarily by the right atrium (RA, thick dotted line) and the left heart border is formed primarily by the left ventricle (LV, thin dotted line).

Table 5: Linear regression parameters of the cardiothoracic ratio and maximum heart 
diameter on enlargement of different cardiac chambers

Variable

Difference in magnitude of CTR or 
heart diameter associated with 

chamber enlargement (95 CI%)* R2

CTR

    Any cardiac chamber enlargement 0.08 (0.06–0.11) 0.230

    Right atrial enlargement 0.08 (0.05–0.11) 0.157

    Left atrial enlargement 0.06 (0.03–0.08) 0.106

    Right ventricular enlargement 0.07 (0.04–0.10) 0.093

    Left ventricular enlargement 0.05 (0.02–0.08) 0.066

Maximum heart diameter, cm

    Any cardiac chamber enlargement 3.0 (2.2–3.7) 0.287

    Right atrial enlargement 2.7 (1.8–3.6) 0.190

    Left atrial enlargement 2.3 (1.5–3.1) 0.176

    Right ventricular enlargement 1.4 (0.3–2.6) 0.038

    Left ventricular enlargement 1.9 (1.0–2.9) 0.100

Note: CI = confidence interval, CTR = cardiothoracic ratio.
*Average difference in CTR or maximum heart diameter between no chamber enlargement and chamber enlargement.
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thoracic diameter as an approximate index of body size. Unlike 
maximum heart diameter, we found that CTR did not differ sig
nificantly between men and women and, therefore, we have 
not proposed sexspecific cutpoints for CTR.

We suggest using the proposed sexspecific measurement 
cutpoints for heart diameter when evaluating cardiac enlarge
ment on chest radiographs in most scenarios, given that maxi
mum heart diameter is easier to measure than calculating CTR 
and has higher diagnostic performance. However, CTR generally 
had slightly higher specificity than heart diameters in cases with 
limited inspiration and on AP chest radiographs. Therefore, CTR 
may be considered in these settings or when it is unclear if natal 
sex is the best predictor of cardiac size (e.g., for transgender 
 people who started genderaffirming hormone treatment at a 
relatively young age).20 When evaluated, CTR should be assessed 
as the ratio of maximum heart diameter to maximum thoracic 
diameter, given that this technique has the best diagnostic per
formance and reproducibility. Danzer’s original calculations of 
the CTR divided the transverse diameter of the heart (obtained 
by adding the widest distance of the right and left heart borders 
to the midline) by the largest thoracic dia meter.8 We found that 
assessing the CTR using this technique had lower diagnostic 
performance and reproducibility than calculating the CTR as the 
ratio of the maximum heart dia meter (as a single measurement) 
to maximum thoracic diameter. The original formula is also 
more cumbersome to calculate, given the need to sum the right 
and left  heart  measurements,  and is  therefore not 
recommended.

In general, the negative likelihood ratios for the lower cut
points proposed in this study change the pretest probability of 
disease more substantially than the positive likelihood ratios for 
the upper cutpoints, suggesting that chest radiography may be 
more useful for ruling out cardiac chamber enlargement than for 
ruling it in. The lower cutpoints have high sensitivity, which is 
helpful to rule out disease with a high degree of confidence, 
thereby minimizing the number of falsenegative results. For 
patients with moderatetolow pretest probability of disease, we 
suggest using the lower sexspecific maximum heart diameter 
cutpoints proposed in this study. In this scenario, a negative 
result could lower the odds of cardiac enlargement sufficiently 
that clinicians can exclude this diagnosis and focus on other dif
ferential considerations.

On the other hand, the proposed upper cutpoints have 
high specificity, and may be helpful to rule in disease when 
positive. Minimizing falsepositive results is important, given 
the cost, time and patient anxiety associated with down
stream testing.21,22 However, the sensitivity was relatively low 
for the proposed upper cutpoints such that the positive likeli
hood ratios may be less useful in clinical practice. Given that 
chest radiographs are relatively inexpensive and are useful in 
investigating other potential disease processes (e.g., pulmon
ary edema), we suggest using the upper cutpoints for 
patients with moderatetohigh pretest likelihood of cardiac 
chamber enlargement who are undergoing chest radiographs 
for another indication. In this scen ario, a positive result may 
increase the odds of cardiac enlargement sufficiently to war

rant further confirmatory testing (e.g.,  echocardiography). It 
is important to highlight that the clinical relevance of the cut
points proposed in this study will depend on the pretest 
probability of disease.

Enlargement of each individual cardiac chamber is posi
tively associated with both CTR and maximum heart diameter. 
The right atrium typically forms the right heart border and the 
left ventricle typically forms the left heart border on frontal 
chest radiographs. Enlargement of the right atrium was the 
largest contributor to increased CTR and maximum heart 
diameter on chest radiographs, similar to the findings in a 
previous study.23 The slightly lower contribution of the left 
ventricle to heart diameter might be related to the rotation of 
the heart as it enlarges. Left ventricular dilation is associated 
with counterclockwise rotation of the heart within the 
thor ax, which can result in a normal CTR.24 On the other hand, 
enlargement of the right ventricle is associated with clockwise 
rotation of the heart, thus increasing the transverse diameter 
of the heart despite the fact that the right ventricle does not 
typically form one of the cardiac borders on frontal chest 
radiographs.

Limitations
We conducted our study at a single large tertiary referral cen
tre and results may not be generalizable to all settings. Several 
potential pitfalls may render CTR and heart diameter measure
ments inaccurate for estimating cardiac enlargement, includ
ing an abnormal chest configuration, malposition of the 
media stinal structures or vessels and presence of a pericardial 
effusion. Only patients who had undergone both chest radi
ography and cardiac MRI within a 14day interval were 
included, which could result in selection and referral bias as 
this cohort of patients is expected to have a higher prevalence 
of cardiac enlargement than the general population of patients 
undergoing chest radiography. The prevalence of cardiac 
chamber enlargement in patients undergoing chest radio g
raphy has been reported as 7%, whereas in our study, the prev
alence was 61%, as determined by MRI.25,26 Sensitivity and 
speci ficity are considered to be relatively robust to differences 
in prevalence, given that sensitivity is estimated in  people with 
the disease and specificity is estimated in people without the 
disease.27 However, other analyses have suggested that speci
ficity may be slightly lower with higher disease prevalence, 
with no systematic effect for sensitivity.28 The proposed meas
urement cutpoints in this study should be validated in a future 
independent study; for example, by recruiting a consecutive or 
random sample of patients referred for chest radio graphy, all 
of whom would undergo confirmatory diagnostic evaluation 
with MRI.

Conclusion
A traditional CTR cutpoint of 0.5 has limited diagnostic utility 
for detection of cardiac enlargement. Alternate CTR and sex
specific heart diameter cutpoints, proposed in this study, 
have reasonable diagnostic performance and may be particu
larly useful for ruling out cardiac enlargement when negative.
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