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Abstract

The anteroposterior (AP) portable chest radiograph is routinely performed to evaluate cardiopulmonary status, however heart
size can be misrepresented by inherent technical factors. Our aim was to determine diagnostic accuracy of cardiothoracic
ratio (CTR) on AP chest radiographs relative to echocardiography, as well as relative to axial computed tomography (CT)
and frontal CT scout images in predicting cardiac chamber enlargement. 200 subjects with both chest CT and AP chest
radiograph within 1 month were retrospectively identified. Patients with pericardial effusion or obscured heart borders were
excluded. 130 of these subjects had also undergone echocardiography. Transverse diameters of the heart and thorax were
used to calculate CTRs on AP chest radiograph, scout CT, and axial CT images. A second reader was used to verify meas-
urement accuracy and reproducibility. Statistical analysis of CTRs for AP chest radiograph, CT scout, and axial CT images
were calculated using echocardiography as gold standard. AP chest radiographs had higher CTR values than axial and scout
CT images (by 0.075, p<0.001), larger measured heart diameters by approximately 3 cm (p <0.001), and larger thoracic
diameters by approximately 2 cm (p <0.001). CTRs on AP chest radiographs calculated with a cutoff of 0.50 had sensitivity
of 86% and specificity of 32%. Sensitivity and specificity were 61% and 66% respectively when using a cutoff of 0.55, and
34% and 92% respectively when using a cutoff of 0.60. A CTR of 60% is more appropriate than 50-55% when evaluating
an AP chest radiograph for cardiac chamber enlargement due to its much higher specificity.

Keywords Cardiothoracic ratio - Anteroposterior radiograph - AP radiograph - Computed tomography - CT scout image -
Axial CT

Introduction AP and PA radiographic techniques are substantially dif-
ferent from one another, and the differences in the resulting
images can be easily misinterpreted if these differences are

not taken into account.

The portable anteroposterior (AP) chest radiograph is com-
monly used in clinical practice for routine evaluation of ICU

patients and other inpatients, sometimes on a daily basis.
The main rationale to obtain portable AP chest radiographs
rather than posteroanterior (PA) radiographs is that many
patients have limited mobility and cannot be properly posi-
tioned for PA chest radiography. Bedside AP chest radiog-
raphy can be a helpful means of daily cardiopulmonary and
hemodynamic evaluation for these patients, and can assist
in monitoring the position of lines and tubes.
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For example, the evaluation of heart size can be misin-
terpreted due to magnification artifact inherent to the AP
technique. Despite the frequent utilization of AP radiographs
in clinical practice, the accuracy of predicting cardiac cham-
ber enlargement from the cardiothoracic ratio (CTR) has not
been investigated in the context of AP chest radiography.

Our aim was to investigate its diagnostic accuracy relative
to CTR values calculated from axial computed tomography
(CT) images, frontal view CT scout images and echocardi-
ography in predicting cardiac chamber enlargement.
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Materials and methods

The study protocol was approved by the institutional review
board.

Study population and recruitment

A study group of 200 random subjects was created, con-
sisting of patients who had had both a portable AP chest
radiograph and a thoracic CT.

The subjects were identified utilizing electronic search
and filtering functions of the currently used picture achiev-
ing and communication system (PACS). Patients were eli-
gible for selection if they had chest CT and AP radiographs
acquired during the same admission or with a 30 day interval
between them. Corresponding echocardiography data was
subsequently retrieved from the electronic medical record
of patients if it was available.

Only adult patients (greater than 18 years of age) were
selected for this review. The study had no specific inten-
tion regarding the racial and ethnic distribution of the sub-
jects. The racial and ethnic distribution of the subjects was a
natural reflection of the regional patient referral base of the
greater Rochester area and the state of New York.

Study activities

This was a retrospective review of existing data from Janu-
ary 2017 to May 2017. The data had been already collected
and stored on the PACS (philips primordial) and the elec-
tronic medical record system (EPIC).

Fig. 1 CXR depicting the
method of measuring the
maximum transverse cardiac
diameter (C) and the transverse
thoracic diameter (T)
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Specific data points which were obtained include the
transverse diameter of the heart and the maximal trans-
verse diameter of the thorax as demonstrated on AP radio-
graphs (Fig. 1), on axial CT images (Fig. 2), and on CT
scout images with a frontal view (Figs. 3, 4). We selected the
closest echocardiography to the radiographic exam to ensure
that the AP chest radiograph reflected the patients’ true car-
diopulmonary status as documented by echocardiography.

The study team was blinded to the clinical data and the
echocardiographic results recorded for purposes of the study.
Two radiologists generated the study population through
the daily work lists. Two readers who were blinded to the
clinical information made the measurements on the CTs and
the chest radiographs. Another independent investigator
recorded the echocardiography data points who was blinded
to the rest of the data set and rest of the clinical information.
The statistical calculation was performed by another investi-
gator who was not involved in data collection.

Although one could argue that cases of left atrial enlarge-
ment should be excluded because the effect of left atrial
enlargement on the CTR might be diminished, we did not
find this to be confirmed in the literature. Therefore cases
in which echocardiography showed enlargement of one or
more cardiac chambers to be enlarged (including isolated
left atrial enlargement) were included.

Echocardiography technique

The Echocardiography Laboratory at the University of
Rochester Medical Center (URMC) is fully approved by
the Intersocietal Accreditation Commission (IAC) for tran-
sthoracic, stress and transesophageal echocardiography. All
echocardiographic images are stored as cine-loops of at least
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Fig.2 Axial CT image depict-
ing the method of measuring
the maximum transverse cardiac
diameter (C)

Fig.3 Axial CT image depict-
ing the method of measuring the
maximum transverse thoracic
diameter (T)

Fig.4 Frontal CT scout image
depicting the method of meas-
uring the maximum transverse
cardiac diameter (C) and the
transverse thoracic diameter (T)
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3-beats in duration with a frame rate of at least 30 Hz and in
“raw” image format, which allows for complex post-capture
image processing on an analysis workstation as if the imag-
ing were still live on the ultrasound machine (EchoPac PC,
General Electric Corporation, Milwaukee, WI). Accurate
quantification is a primary goal of the URMC echo lab, so
echo contrast is used in approximately 65% of transthoracic
and stress echo cases to improve the delineation of endocar-
dial boarders. Left ventricular (LV) diastolic and systolic
volumes are measured using the modified Simpson’s method
from an average of 3 views (usually the apical 4C, 2C, and
3C views, but the parasternal long-axis (PLAX) might be
substituted for the A3C view and the subcostal 4C might be
substituted for the apical 4C, if needed due to limited image
quality). The 3-view end-diastolic LV volume averages are
then height and body surface area (BSA) indexed to deter-
mine whether or not enlargement is present. The presence
of left ventricular hypertrophy (LVH) is determined from
the absolute value of LV mass (calculated from the meas-
ured LV diameter and wall thickness) and the LVH type
is determined from the wall thickness to cavity diameter
ratio (concentric vs. eccentric LVH). End-systolic left atrial
volume is also measured using the modified Simpson’s rule
from an average of 3-views (typically the A4C, A2C and
A3C views, but the PLAX and SC4C might be used as for
LV volume measurements). The 3-view LA volume averages
are then height and BSA indexed to determine whether or
not enlargement is present. It is difficult to measure right
ventricular (RV) volume using echocardiography, so the
diameter of the right heart is used as a surrogate (measured
from the 4C or SC4C). RV size is also determined qualita-
tively by comparison to the left heart with knowledge of the
LV volume and by inspection of the ventricular septum for
diastolic flattening (so called “D-sign”). End-systolic right
atrial (RA) volume is measured using Simpson’s rule from
the A4C view (often RV-centric angulation), RV inflow and
SC4C views. The RA volume averages are then height and
BSA indexed to determine whether or not enlargement is
present. When determining size: The left atrial and RA vol-
umes are calculated at end-systole. The RV diameter and

LV volume are calculated at end-diastole. Both of these cor-
respond to the max filling volume (the max volume for atria
occurs right before the atrioventricular valves open, and the
max volume for the ventricles occurs right before the out-
flow valves open). Gender is used for LV mass interpreta-
tion, but not for volume/size determination, as that is output
determined (i.e., the heart needs to fit the body size).

Data analysis

Categorical variables (including the presence or absence
of cardiomegaly or cardiac chamber enlargement) in this
study were compared using Chi square analysis. Continu-
ous variables (including measurements of cardiac diameter,
thoracic diameter, and calculated CTR values) were com-
pared between each of the CT and radiographic modalities
using paired 7 test. Measurements between different readers
were also compared using a paired ¢ test. A p<0.05 was
considered statistically significant. A commercially available
licensed software was utilized for the statistical calculations.

Results

CTR values calculated from scout CT images and axial CT
images were not statistically different. CTR values calcu-
lated from chest radiograph were 0.075 greater than for CTR
values calculated from CT images (including both scout
and axial calculated separately, p <0.001). Heart diameter
as measured on chest radiograph was approximately 3 cm
greater than diameters measured on both scout and axial
CT images, with p<0.001. Thoracic diameters measured
on chest radiograph were approximately 2 cm greater than
those measured on both scout and axial CT images, with
p<0.001 (Table 1). Similar results were demonstrated when
the same values were calculated from measurements made
by a second reader (Table 2). Heart and thorax diameters as
measured on chest radiograph were not statistically different
between the two readers.

Table 1 Comparison of

N X > Comparison Mean difference p-value
cardiothoracic ratio, heart
diameter, and thor.ax diameter Cardiothoracic ratio Chest radiograph to scout CT image 0.08 < 0.001
ge,lt,?/;fg ;:;Slt ée}lgilfzfrt?li hf,irs;:tout Chest radiograph to axial CT image 0.08 < 0.001
reader (200 patients) Scout CT to axial CT -0.001 0.65
Heart diameter Chest radiograph to scout CT image 31.1 mm < 0.001
Chest radiograph to axial CT image 32.5 mm < 0.001
Scout CT to axial CT 1.5 mm 0.02
Thoracic diameter Chest radiograph to scout CT image 17.5 mm < 0.001
Chest radiograph to axial CT image 21.0 mm < 0.001
Scout CT to axial CT 3.5mm < 0.001
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Tablg 2 Con}par@on of Comparison Mean difference p-value
cardiothoracic ratio, heart
diameter, and thor.ax diameter Cardiothoracic ratio Chest radiograph to scout CT image 0.07 < 0.001
té?;?’;fg ;iliilslt é%lfjlfz%r;ihé:::ﬁ Chest radiograph to axial CT image 0.07 < 0.001
reader (98 patients) Scout CT to axial CT 0.004 0.28
Heart diameter Chest radiograph to scout CT image 27.9 mm < 0.001
Chest radiograph to axial CT image 31.9 mm < 0.001
Scout CT to axial CT 4.1 mm < 0.001
Thoracic diameter Chest radiograph to scout CT image 17.5 mm < 0.001
Chest radiograph to axial CT image 22.6 mm < 0.001
Scout CT to axial CT 5.1 mm < 0.001

Among the subgroup of 130 patients who had echocardio-
graphic evaluation, 80 had at least one chamber enlargement
on echocardiography. It may be noteworthy that of those
with one or more cardiac chambers shown to be enlarged on
echocardiography, 25 had isolated left atrial enlargement.
CTR values were calculated from AP chest radiograph
measurements. Using echocardiography as a gold standard
for whether there was truly cardiac chamber enlargement,
various diagnostic test evaluation metrics were calculated
including sensitivity and specificity, positive and negative
likelihood ratios, and positive and negative predictive val-
ues. This was first performed using a ratio of 0.50 as a cutoff,
and was repeated using a CTR cutoff of 0.55, 0.60, and 0.65
(Table 3; Figs. 5, 6).

Similar data and comparisons were also performed using
frontal scout images and axial images from chest CT stud-
ies, also using cutoffs of 0.50, 0.55, 0.60 and 0.65 as cutoffs
(Tables 4, 5).

A receiver operating characteristics (ROC) curve is also
provided (Fig. 7), which demonstrated an area under the
curve (AUC) of 0.67 (0.58-0.77, 95% confidence interval),
p=0.001. The “optimal” threshold was calculated at 0.545

with a sensitivity of 63.8% and specificity of 64.0%, similar
to results displayed in Table 3 for the original 0.55 cutoff
value (61.3% sensitivity, 66.0% specificity).

Disscussion

The size of the heart assessed by CTR on chest radiography
is often used as a screening test for the presence of heart
failure (HF) and for assessing its severity. A CTR <0.5
is commonly accepted as normal for an upright PA chest
radiograph. A bedside AP chest radiograph is routinely sub-
stituted in deconditioned hospitalized patients who cannot
stand upright for a PA film. Due to differences in technique
and projection of the AP radiograph, assessment of the CTR
on AP radiographs can often be confusing and misleading.
Increased CTR on chest radiograph often prompts further
imaging evaluation; this can be time-consuming and expen-
sive, as well as concerning for radiation exposure, renal
injury, and contrast allergy.

There are several factors which affect the CTR on AP
chest radiography. During the performance of AP chest

Table 3 Analysis of various cardiothoracic ratio values when evaluating AP chest radiograph for cardiac chamber enlargement using echocardi-

ography as gold standard

0.50 0.55 0.60 0.65
Sensitivity 86.25% 61.25% 33.75% 5.00%

(CI: 76.73-92.93%) (CI: 49.70-71.94%) (CI: 23.55-45.19%) (CI: 1.38-12.31%)
Specificity 32.00% 66.00% 92.00% 96.00%

Positive likelihood ratio
Negative likelihood ratio
Positive predictive value

Negative predictive value

(CI: 19.52-46.70%)
1.27

(CI: 1.03-1.56)
0.43

(CL: 0.22-0.85)
69.99%

(CI: 52.61-69.93%)
59.26%

(CI: 42.39-74.20%)

(CI: 51.23-78.79%)
1.80

(CI: 1.18-2.75)
0.59

(CL: 0.42-0.82)
74.24%

(CI: 65.36-81.49%)
51.56%

(CI: 43.11-59.93%)

(CI: 80.77-97.78%)
422

(CL: 1.57-11.34)
0.72

(CI: 0.60-0.86)
87.10%

(CI: 71.52-94.78%)
46.46%

(CI: 42.11-50.87%)

(CI: 86.29-99.51%)
1.25

(CI: 0.24-6.58)
0.99

(CI: 0.92-1.07)
66.67%

(CI: 27.55-91.32%)
38.71%

(CI: 36.93-40.52%)

CI 95% Confidence interval
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Fig.5 Sensitivity and specific-
ity of various cardiothoracic
ratio values when evaluating AP
radiograph for cardiac chamber
enlargement using most recent
echocardiography as gold
standard

Fig.6 Likelihood ratios of vari-
ous cardiothoracic ratio values
when evaluating ap radiograph
for cardiac chamber enlarge-
ment using most recent echocar-
diography as gold standard
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Table 4 Analysis of various cardiothoracic ratio values when evaluating chest CT scout image for cardiac chamber enlargement using echocardi-

ography as gold standard
Cardiothoracic ratio: CT scout image 0.50 0.55 0.60 0.65
Sensitivity 41.25% 16.25% 1.25% 0.00%

(CI: 30.35-52.82%) (CI: 8.95-26.18%) (CI: 0.03-6.77%) (CI: 0.00-4.51%)
Specificity 86.00% 96.00% 98.00% 100%

(CI: 73.26-94.18%) (CI: 86.29-99.51%) (CI: 89.35-99.95%) (CI: 92.89-100%)
Positive likelihood ratio 2.95 4.06 0.62 n/a

Negative likelihood ratio
Positive predictive value

Negative predictive value

(CIL: 1.41-6.15)
0.68

(CI: 0.55-0.85)
82.50%

(CI: 69.33-90.77%)
47.78%

(CI: 42.46-53.15%)

(CI: 0.96-17.25)
0.87

(CI: 0.78-0.98)
86.67%

(CI: 60.48-96.50%)

41.74%
(CI: 39.05-44.48%)

(CI: 0.04-9.77)
1.01

(CL: 0.96-1.06)
50.00%

(CI: 6.01-93.99%)
38.28%

(CI: 37.19-39.39%)

1.00
(CI: 1.00-1.00)

n/a

38.46%
(CI: 38.46-38.46%)

CI 95% Confidence interval
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Table 5 Analysis of various cardiothoracic ratio values when evaluating axial chest CT images for cardiac chamber enlargement using echocar-

diography as gold standard

Cardiothoracic ratio: axial CT image 0.50 0.55 0.60 0.65
Sensitivity 43.75% 20.00% 2.50% 1.25%

(CIL: 32.68-55.30%) (CIL: 11.89-30.44%) (CI: 0.30-8.74%) (CI: 0.03-6.77%)
Specificity 82.00% 98.00% 98.00% 100%

(CIL: 68.56-91.42%) (CI: 89.35-99.95%) (CI: 89.35-99.95%) (CI: 92.89-100%)
Positive likelihood ratio 243 10.00 1.25 n/a

(CIL: 1.28-4.62) (CIL: 1.37-73.10) (CIL: 0.12-13.43)
Negative likelihood ratio 0.69 0.82 0.99 0.99

(CI: 0.54-0.87) (CIL: 0.73-0.92) (CI: 0.94-1.05) (CI: 0.96-1.01)
Positive predictive value 79.55% 94.12% 66.67% n/a

(CIL: 67.18-88.08%) (CIL: 68.64-99.15%) (CI: 15.69-95.55%)
Negative predictive value 47.67% 43.36% 38.58% 38.76%

(CI: 41.92-53.49%)

(CI: 40.53-46.24%)

(CI: 37.34-39.84%)

(CI: 38.18-39.35%)

CI 95% Confidence interval

ROC Curve
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Fig.7 A receiver operating characteristics (ROC) curve demonstrat-
ing the true positive rate (sensitivity) and true negative rate (specific-
ity) when evaluating AP radiograph for cardiac chamber enlargement
using most recent echocardiography as gold standard

radiography, the X-ray beams enter the chest of the patient
from anterior wall of the chest and the projected image of
the heart is projected on the detector (digital receiver or
cassette) which is placed behind the patient after traveling
through the entire chest. The heart is located anteriorly in
the chest cavity just behind the anterior chest wall. The dis-
tance between the heart (anterior in the chest) and the digital
receiver (placed behind the patient) causes a measurable,

and very well known, magnification of apparent cardiac size
on chest radiographs relative to the PA technique. Magnifi-
cation of the chest does not occur to the same degree when
using AP technique, which results in disproportionate mag-
nification of the heart (centrally located in the radiograph
and within the X-ray beam) relative to the overall thorax
[1].1t has even been shown that change in CTR due to AP
radiography affected smaller hearts more than larger hearts
[1]. Furthermore, portable AP chest radiography is typically
performed from a shorter distance than standard PA chest
radiography. In a study by Milne et al., it was also shown that
even a change to the distance from chest wall to detector has
a marked effect on CTR. At our institution portable AP chest
radiographs may be acquired with an anode-to-film distance
(AFD) of anywhere from 40 to 70 inches (or approximately
101-178 cm). The confined space in ICU departments often
results in AFDs closer to 40 inches than to 70. By contrast,
standard PA chest radiography is performed with a longer
AFD 72 inches at our institution, or approximately 183 cm.
Milne et al. suggested using approximate correction factors
(—12.5% of CTR for AP radiographs done with a 40 inch
AFD and — 10% of CTR for those done with a 72 inch AFD)
as a more useful determination of cardiac enlargement.
These principles, however, are not directly applicable to
supine AP chest radiography because of altered gravitational
effects. Portable AP chest radiography is usually performed
while the patients are supine in their bed or semi upright if
possible due to the patient’s conditions (rarely performed
in sitting upright position in the bed). Due to lack of the
downward pulling effect of gravitational force, this supine
position causes cephalad and peripheral redistribution of the
circulating blood within the central cardiopulmonary vascu-
lar system which effectively results in further expansion and
spread of the cardiovascular structures in the central thorax
and loss of the natural gradual thinning of the mid and upper
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lung vasculature seen during upright and standing position.
Because of this redistribution physiologically happening in
the supine position, the artefactual technical magnification
of these central cardiovascular structures on radiographs due
to AP technique is further accentuated.

Often the AP chest radiography technique is suboptimal
in hospitalized patients due to the limitations of the envi-
ronment or patient related factors and the technologists are
not able to optimize the “angle of the X-ray beams” which
also contributes to the magnification of the cardiovascular
structures. A slight upward shift in the angle of the X-ray
beam results in a lordotic view of the chest where the pulmo-
nary vasculature appears augmented artefactual due to the
technique instead of tapering naturally as seen on upright
PA technique.

Additionally, the hospitalized patients are deconditioned
due to variety of disease processes to hold their breath or
they are not conscious enough to follow instructions of the
technologists to suspend their respiration in fully expanded
lung capacity. Because of that the relative size of the lungs
and overall size of the chest appears substantially decreased
compared to their actual size. Sub optimally expanded lungs
can also result in increased pulmonary opacity which may
simulate pulmonary edema, and may lead the interpreting
radiologist towards an incorrect impression of congestive
HF if there is a question of cardiomegaly.

It is also known that the cardiac silhouette on chest radi-
ographs can appear different throughout the cardiac cycle
[2-7]. Today the chest radiography is routinely done in a
non-ECG gated fashion on nearly all patients regardless of
their inpatient or outpatient status. Therefore, it is not pos-
sible to know the exact exposure timing and corresponding
image capture point during the cardiac cycle on any chest
radiography. Most of the cardiac cycle consists of diastolic
phase (1/3 systole and 2/3 diastole) under resting conditions
and it is safe to assume that non-gated radiographic image
capture using conventional chest radiographic technique rep-
resents the diastolic appearance of the heart which results
in larger transverse cardiac diameter (approximately 10%
increase in transverse diameter from systole to diastole in
healthy individuals). This change can be more than enough
to cause apparently increased CTR (ratio of transverse diam-
eter of the cardiac silhouette to transverse diameter of the
thorax on PA radiograph) from normal (50-55%) to car-
diomegaly (>60%) which can imply left HF by itself with-
out considering the magnification factor caused by the AP
technique.

When all of these technical factors are combined together,
the end product of the chest radiography examination
results in artefactual enlarged cardio mediastinal silhouette
and cephalized pulmonary vasculature in addition to an
increased CTR which all implies a form of falsely diagnosed
cardiomegaly associated with potential cardiac dysfunction
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or nonspecific pulmonary disease, virtually, in all patients
who are examined with portable AP chest radiography.

This is a universal challenge for any institution which
performs this type of imaging and results in poor service to
the patients and referring clinical care team that radiology
departments are trying to help.

Gollub et al. have examined the accuracy of the CTR
using CT, Echocardiography and chest radiography, similar
to our approach, to diagnose cardiomegaly and demonstrated
that the CTR at routine CT scans was highly correlated with
CTR at CXR [8]. Our results are in congruence with their
observations regarding to the presence of cardiomegaly.
They suggested that a CTR of lower than 0.49 indicate a
low likelihood of LVH [8]. However our study focused on
the AP radiography and quantified the artefactual magnifi-
cation of the overall cardiac silhouette and association with
enlargement of any of the cardiac chambers.

Chana et al. in their study of diagnostic accuracy of CTR
on admission chest radiography to detect left or RV systolic
dysfunction concluded that CTR measured on PA or AP
films has limited value in detecting moderate left and/or RV
systolic dysfunction and suggested unreliability of the previ-
ously established values compared to modern standards. In
their study CTR of >0.55 on PA films resulted in a sensitiv-
ity of 62.5% and a specificity of 76.5% for diagnosing any
ventricular impairment (positive likelihood ratio of 2.56),
with a PPV of 29.5%. However, in their study, the CTR on
AP film was not predictive of ventricular impairment on
echocardiography [9]. Our study has shown that using a
CTR cutoff of 60% on AP chest radiography would help to
reduce the over diagnosis of cardiomegaly/increased CTR
thus reducing the incorrect implication of a cardiopulmo-
nary pathology such as cardiac dysfunction and pulmonary
edema.

In a systematic review of the literature conducted by
Loomba et al. to identify studies comparing CTR by chest
X-ray to LV dilation by echocardiography, the CTR had
83.3% sensitivity, 45.4% specificity, 43.5% PPV and 82.7%
NPV. In their secondary analysis after exclusion of a pedi-
atric study, the CTR had 86.2% sensitivity, 25.2% specific-
ity, 42.5% PPV and 74.0% NPV. They concluded that, the
CTR as determined by chest radiograph is sensitive but not
specific for identifying LV dilation associated with a strong
NPV for identifying LV dilation [10]. In our study, we have
not conducted analysis for individual cardiac chambers.

Data provided regarding the ROC curve demonstrates an
optimal threshold of 0.545, indicating that the 0.55 cutoff
would provide the highest combined sensitivity and spec-
ificity given our data. However, this does not change our
conclusion considering the artefactual magnification of the
cardiac silhouette and the patient related factors usually lim-
iting natural inspiratory thoracic expansion to the full capac-
ity during the anteroposterior radiographic technique. High
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sensitivity captures a larger portion of diseased patients, but
also results in a higher number of false positives, which can
result in an increased number of diagnostic tests for these
patients. On the other hand, increased specificity captures
a larger portion of the healthy population at the expense of
misidentifying patients with mild or moderate disease. High
sensitivity is generally preferred in cases where a disease is
common or the consequences of misidentifying a diseased
patient are high. Higher specificity is often favored in cases
where a disease is rare.

Currently, there is no study which examined the effect
of the phase of the cardiac cycle on appearance of the heart
image on the supine AP portable chest radiography. Addi-
tionally, there is no scientific study which examined the
clinical impact of the non-gated evaluation of the cardiac
size on chest radiography in terms of additional extra imag-
ing studies and laboratory work up of the patients. Future
studies can be performed using ECG gated (or synchronized)
radiography technology to accurately determine the effect of
the phase of the cardiac cycle on global size of the heart and
the appearance of the cardiac silhouette on supine imaging
studies and compare with supine cardiac gated low dose CT
imaging. The scientific evidence provided by such a study
could also open the door for possible routine utilization of
“ECG gated chest radiography”, “temporal subtraction radi-
ography” or “duel energy radiography”. These could be used
as a screening exam, or for follow up of patients who cur-
rently need recurrent imaging using cross sectional modali-
ties (MRI, CT or echocardiography). Currently many cross
sectional modality studies are time consuming, resource
intensive and have associated risks including radiation
exposure, contrast allergy, and reduced renal function, and
may have limited availability based on patients’ location or
socioeconomic status.

One of the limitations of our study is that we did not
evaluated the impact of mild to moderate enlargement of left
atrium on CTR in supine or semi upright position. There is
no scientific study which has examined impact of left atrial
enlargement on appearance of cardiac silhouette on supine,
semi upright or upright/standing chest radiography in terms
of artefactual magnification. Exaggeration of the magnifica-
tion effect of the AP technique can be expected in the pres-
ence of a moderate to severe enlargement of the left atrium
due to repositioning of the normally diagonally oriented
heart in thorax during upright position. This reorientation
effect can be considered similar to the anterior displacement
of the heart due to mass effect of a large hiatal hernia push-
ing the heart against the anterior thoracic wall and reposi-
tioning the heart more parallel to the chest wall. However
mild left atrial enlargement may not affect the CTR neither
on AP nor on PA technique regardless of the patient’s posi-
tion, although the clinical relevance depends on individual
patients conditions. Another limitation of this study is that

we have not recorded the number of the excluded cases
due to the poor quality of the images and the cases with
confounding disease processes on the radiographs which
precludes optimal measurement of the CTR. All of the con-
secutive cases with adequate quality were included during
the prospective registration process. We also did not record
the number of the excluded cases due to lack of a chest CT
or echocardiography.

Clinical relevance/application

There are several previous studies which suggests that
increased CTR reflects enlargement of the right-sided heart.
The patients with clinical signs of RV dysfunction (high
jugular venous pressure and/or peripheral edema) shown
to have a higher CTR than did those without these signs,
despite having a similar EF [11]. In a HF trial, patients with
atrial fibrillation (AF) had a higher CTR than did those with
sinus rhythm, despite having a higher EF and a smaller LV
dimension [12]. These observations indirectly suggest the
greater contribution of a dilated right-sided rather than left-
sided heart to roentgenographic cardiomegaly in patients
with HF. More recently, Fukuta et al. have extended these
observations and demonstrated that the right-sided cardiac
chamber dimensions by echocardiography better correlate
with the CTR than the leftsided cardiac chamber dimensions
in patients with HF, specifically, the CTR correlated with
major-axis dimensions of the right ventricle (RV) and right
atrium [13]. Zakeri et al. showed that impairment in RV lon-
gitudinal contractility is more sensitive for the detection of
RV disfunction than impairment in global contractility [14].

The left ventricle and the RV hypertrophies in response to
chronic afterload elevation [15], resulting in maladaptive RV
dilation and RV contractile dysfunction. Right ventricular
hypertrophy (RVH) is present in 34-50% [16, 17] of HF with
preserved ejection fraction (HFpEF) subjects, whereas RV
dilation (RV basal diameter >4.2 cm) is observed in about
30-35% [18, 19].

The increased left atrial pressure results in development
of pulmonary hypertension (PH) [19]. It is estimated that
up to 70-80% of HFpEF patients develop PH [20], which
can cause RV dysfunction or failure [19]. Inclusion of the
RVD in HFpEF diagnostic and risk stratification algorithms
has been suggested [14] not only due to association with
PH but also other disease processes such as AF, moderate
to severe tricusbit regurgitation and RV pacing as well as
poor prognosis, higher HF hospitalization rate, cardiovas-
cular mortality and all-cause mortality, similar to the HF
with reduced ejection fraction [18]. Left atrial enlargement
is an important risk factor for atrial arrhythmias as shown
in several groups of patients including the elderly [21-23]
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patients with hypertrophic cardiomyopathy [24], valvular
heart disease [25] and hypertension [26, 27].

The electrophysiologic studies have shown that in patients
with AF most ectopic beats initiating paroxysmal AF origi-
nate from pulmonary veins (PV) but 4.7% originate from
non-PV foci, localized in RA [28]. The role of non-PV foci
is more significant in patients with right heart overload. In
population with AF and chronic lung diseases with elevated
mPAP non-PV arrhythmogenic foci were localized in the RA
in as much as 26.7% of patients [29]. It has been shown that
RA stretch due to elevated RA pressure leads to electrical
remodeling characterized by increased AF inducibility upon
its stimulation [30].

RA remodeling is also an important risk factor for atrial
fibrillation (AFI). In one study RA remodeling was more
advanced in patients with AFl than with AF [31]. In PAH
patients RA enlargement is associated with increased preva-
lence of supraventricular arrhythmia. RA area index is an
independent predictor of hospitalization due to supraven-
tricular arrhythmia which is associated with increased mor-
bidity and mortality [32].

Okute et al. have showed that CTR and NT-proBNP were
positively correlated in the hemodialysis (HD) patients. A
CTR of >55% was a significant predictor of CVD in HD
patients, independent of the relevant clinical factors, and
that it can be used in CVD risk stratification of HD patients
when NT-proBNP is not available. CTR is increased with
cardiac hypertrophy, but CTR is influenced by other factors
such as extracellular volume [33].

Volume overload is common and associated with adverse
outcomes in the HD population including systemic hyperten-
sion, PH, LVH, and mortality. Since the beginning of the era
of maintenance dialysis, prescribing and maintaining a dry
weight remains the standard of care for managing volume
overload on HD. Maintaining an adequately low dry weight
requires attention to sodium intake and adequate time on
dialysis, as well as a high index of suspicion for volume
overload. Reducing dry weight can provoke decreased car-
diac chamber filling and is associated with risks including
intradialytic hypotension [34], an independent factor predict-
ing higher mortality in HD patients [35] and other safety
concerns associated with reduction of extracellular volume
including ischemia of heart, brain, and gut; loss of residual
renal function; and vascular access thrombosis [36]. The
ideal method to minimize intradialytic morbidity is unknown
[34].

During HD, normotension without the use of antihyper-
tensive medications and CTR below 48% on PA CXR have
been considered evidence of achievement of dry weight
(=50% is proposed as a criterion for hypervolemia) [37].
In patients with high blood pressure despite a relatively
low CTR (<£0.48), ACE therapy has been suggested. If

@ Springer

blood pressure is normalized, continuation of the treat-
ment proposed, whereas if hypertension persists, continua-
tion of ultrafiltration (UF) has been suggested to normalize
blood pressure. In patients with a CTR above 0.48 but
normal blood pressure, echocardiography has been recom-
mended to rule out cardiac structural/functional abnormal-
ities [38]. Regression of cardiac remodeling (hypertrophy
and dilatation) has been suggested with maintenance of
dry-weight, using these criteria, in both peritoneal and HD
patients [36, 39]. Even though alternative methods have
been utilized, including natriuretic peptides, diameter of
the inferior vena cava, continuous blood volume moni-
toring, and bioimpedance analysis, these methods have
not been considered as completely reliable, practical or
reproducible and they can be costly, time consuming, and
require special equipment, which limit their usage [38].

Proper utilization of XCR to determine volume sta-
tus requires special attention to the technique to prevent
hypovolemia and associated unintended consequences of
probing for “dry weight”, especially in the elderly popula-
tion who usually requires AP CXR. The thoracic diameter
is lower in the elderly [40, 41] which increase the CTR
and may suggests form of cardiac functional/structural
abnormality in normotensive patients or volume over-
load, particularly in a patient with hypertension and may
trigger unnecessary attempt for diuresis or vigorous UF.
Additionally, a proper interpretation of AP CXR requires
reconsideration of the currently practiced CTR criteria
originating from PA CXR technique which may not be
applicable to the portable CXR even though it is consid-
ered “usually appropriate” for evaluation of patients with
cardiopulmonary signs and/or symptoms, with life-support
devices, patients who are critically ill or medically unsta-
ble, patients who cannot be transported for standard PA
CXR [42].

Currently, there is no study which examines the clini-
cal impact of the AP CXR and increased CTR on a CXR
often prompts further evaluation or intervention. Our study
demonstrated exaggeration of the CTR on AP CXR and
improved diagnostic accuracy and potentially the utility in
predicting cardiac chamber enlargement when a 55 or 60%
CTR threshold is used for noting cardiomegaly. Increasing
the accuracy of chest radiographs in predicting cardiac
chamber enlargement has the potential to improve patient
triage in evaluation of cardiopulmonary status, communi-
cation with the referring clinicians as well as to decrease
unnecessary imaging work up particularly in the elderly
patient population.
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