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Abstract

Background: Pulmonary artery hypertension is difficult to diagnose because of its nonspecific symptoms. Although echocardiography
and more accurately catheterization can recognize pulmonary artery pressure, chest X-ray is widely used because of its availability.
Objectives: This study was to evaluate the accuracy of chest radiography parameters for the estimation of pulmonary artery pressure.
Methods: This cross-sectional study included 81 subjects with a definite diagnosis of pulmonary artery hypertension. Mean pulmonary
artery pressure (mPAP) was determined by catheterization. Hilar enlargement, projection of the right heart border (PRHB), hilar
enlargement + PRHB, and the ratio of these parameters to the thoracic diameter were compared to mPAP to evaluate correlations.
Results: The average mPAP was 74.7+21 (ranging from 28 to 120 mmHg). Spearman's test revealed that mPAP had a significant
correlation with a hilar enlargement (r=0.489, P<0.001), hilar/thoracic ratio (r=0.482, P<0.001), hilar enlargement + PRHB (r= 0.517,

P<0.001), and hilar + PRHB/thoracic ratio (r=463, P<0.001).

Conclusion: Hilar enlargement and hilar/thoracic ratio on the chest radiography are proper parameters for the estimation of pulmonary

artery pressure.
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1. Background

At the 6th World Pulmonary Hypertension
Symposium in France in 2018, pulmonary arterial
hypertension (PAH) was defined as mean
pulmonary artery pressure > 20 (Mean Pulmonary
Artery Pressure). Since it can be treated to reduce
the death toll, diagnosing PAH is paramount (1-3).
This disorder can lead to right heart failure and
death if left untreated. It is a rare cause of shortness
of breath; however, it is recommended that a
physical examination of the chest, a pulmonary
function test, and a normal chest radiograph be
performed in PAH. Depending on the etiology, its
prevalence is different; nevertheless, it has been
reported that 326 people out of every 100,000 who
undergo echocardiography have pulmonary
hypertension, according to a recent study (4). The
significance of PAH could be observed more often in
the population above 50 years of age. Pulmonary
hypertension is the third most common cardiac
complication after coronary artery diseases and
myocardial infarction (5). When looking at the signs
and symptoms of pulmonary hypertension, many
patients present symptoms like functional
shortness of breath and chest pain and lethargy,
fatigue, or other signs, such as hepatomegaly and
peripheral edema (6). Various paraclinical methods
are commonly used to evaluate patients in the clinic
after carefully examining the signs and symptoms
(7-9).

The three-year mortality rate for patients with

elevated pulmonary artery pressure is 30-40% (10).
Diagnosing PAH is difficult in the early stages due to
the lack of symptoms and signs. Electrocardiogram,
chest X-ray, and echocardiography are the three most
commonly used diagnostic methods for patients with
pulmonary artery pressure abnormalities after
carefully examining clinical signs and symptoms (7).
Furthermore, a confirmed diagnosis depends on the
pulmonary artery pressure, which is measured by
right heart catheterization (10).

Although used widely as a primary screening and
diagnostic test, the diagnostic accuracy of
echocardiography is not high (11, 12). A chest X-ray
is typically used in cardiopulmonary patients as a
non-invasive tool for examination, and numerous
factors, such as right descending pulmonary artery
(RDPA) and left descending pulmonary artery (LDPA)
diameters, have been studied in various studies (13-
15). Because the diameters of RDPA and LDPA on a
graph may not be visible in some cases, hilar
enlargement and its hilum/chest ratio may be good
diagnostic criteria for patients of various sizes,
reducing errors (16). However, the compatibility of
lung radiographic findings with right heart
catheterization findings has not yet been examined.
The risks of right heart catheterization are similar to
those of other invasive procedures. Therefore, by
determining the compatibility of this method with
other less invasive and more available methods,
patients who do not need this procedure could be
spared in terms of time and costs.

A study conducted by Mirsadraei et al. examined
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100 patients to discover the most effective chest
radiography parameters for finding elevated
pulmonary artery pressure (16). An echocardiographic
evaluation of pulmonary artery pressure in this study
found that there is a strong correlation between hilar
enlargement and hypertension. The strongest link was
found between the degree of projection of the right
heart border (PRHB) alone and PRHB + hilar
enlargement.

2. Objectives

In this study, we intended to investigate the
correlation between chest radiographic findings and
mean pulmonary artery pressure in right heart
catheterization in patients with PAH, and by
determining the findings, reduce the cost and time
imposed on the patients.

3. Methods

This cross-sectional study was conducted on
patients who underwent right heart catheterization
to measure pulmonary artery pressure and had a
digital chest photograph at the medical centers of
Imam Reza and Ghaem in Mashhad, Iran. The patients
were explained all the benefits of the study and
informed consent was obtained from them or their
guardians.

The Organizational Ethics Committee of Mashhad

University of Medical Sciences, Mashhad, Iran,
conducted this research with the IR
code. MUMS.MEDICAL.REC.1400.384.

Rotated or poor-quality X-rays were removed
from the study. Radiologists performed blind
interpretations of digital chest X-ray images to obtain
the measurements for hilar enlargement, PRHB, and
thoracic diameter, as shown in fig 1. In the next step,
SPSS statistical software was used to examine the
correlation between pulmonary artery pressure
measured by right heart catheterization and the
findings on the chest images of the patients.

4. Results

Eighty-one patients with PAH who had undergone
right heart catheterization and chest X-rays
participated in this research. Nineteen (23.5%) cases
of the study population were male, while 62 (76.5%)
were female. In this study, patients were in the age
range of 19-88 years old.

Right heart catheterization yielded an average
pulmonary artery pressure of 74 mm of mercury (28-
120 mm Hg). Radiological findings, including hilar
enlargement and PRHB, hilar enlargement + PRHB,
hilum/thorax ratio, and PRHB/thorax ratio, are
presented in Table 1. The average hilar enlargement
was 132 mm (minimum 112 mm and maximum 165
mm). The average PRHB was 56 m, with a range of
40-75 mm.

Table 1. Quantitative data on the study population

Age PAP Hilar PRHB Hilar+PRHB Hilar /thoracic PRHB/thoracic Hilar+PRHB /thoracic
Average * 42.6x 747+ 1323+ 56.1% 188.4+ 0.52 * 0.22 0.75%
Standard Deviation 15.4 21.4 12.2 8.6 0.56 0.37 0.07
Minimum 19 28 112 40 0.43 0.15 0.59
Maximum 88 120 165 75 0.70 0.31 0.97
PAP: Pulmonary artery pressure; PRHB: Projection of the right heart border
Table 2. Correlation between radiological factors and PAH in the study population
Hilar PRHB Hilar+PRHB Hilar /thoracic PRHB /thoracic HllaHPR.HB
/thoracic
*R 0.489 0.274 0.517 0.482 0.256 0.463
P-value <0.001 0.013 <0.001 <0.001 0.021 <0.001
PRHB: Projection of the right heart border
*Spearman test
Fig 1. Measuring the research's radiological indicators
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The Spearman test was used to determine the
correlation between each radiological factor and
pulmonary artery pressure, which showed a significant
correlation (P<0.001) between PAH and these factors:
hilar enlargement (r=0.489), hilar enlargement + PRHB
(r=0.517), hilar enlargement/thorax (r=0.482), hilar
enlargement magnitude + PRHB/thorax (r=0.463)
(Table 2).

5. Discussion

For screening patients with PAH, chest X-rays are
a simple, inexpensive, and accessible diagnostic
method (17). The diameters of the RDPA and LDPA
are the most commonly used criteria in various
studies to diagnose PAH in chest X-rays. Although it
was mentioned in a study that the accuracy of this
parameter was low due to the quality of chest X-rays
(64%), the hilum diameter is always clear in the
images unless covered by an opacity (18). Pulmonary
hypertension can be diagnosed by measuring the
main pulmonary artery's diameter, which has been
shown in other studies to be related to pulmonary
artery pressure (19-21). This finding is consistent
with those of our study. However, while
echocardiography was used in the cited studies, we
used catheterization, and no articles were found
regarding the relationship between radiological
findings and pulmonary artery pressure measured by
catheterization. Despite the small sample size, the
pulmonary artery pressure measurements were
more accurate using catheterization.

Mattie et al. found that the sensitivity, specificity,
and overall accuracy of RDPA enlargement were
72%, 93%, and 77%, respectively, to detect an
increase in pulmonary arterial pressure in patients
with chronic obstructive pulmonary disease (COPD).
The author concluded that the overall accuracy of this
method was lower than that of the RDPA and LDPA
measurements (22,23). Furthermore, the results of
another study recommended no cut-off using RDPA
to diagnose PAH. Due to their invisibility, these
indicators were included in a few graphs in our study.

A new indicator, the hilum/thorax ratio, was
evaluated in a study by Chetty et al. on COPD patients.
The findings of this study showed that the
hilum/thorax with a 0.36 cut-off had 95% sensitivity
and 100% specificity and was reported as the best
indicator for diagnosing PAH. The sensitivity and
specificity of RDPA with a cut-off of 20 mm were
reported to be 95% and 79%, respectively, in this
study (24). Our study also examined this ratio, which
appeared to be particularly useful for patients with
unusually large bodies.

It was found in the study by Mirsadraei et al. that
pulmonary systolic blood pressure had a significant
relationship with hilar enlargement, which was
consistent with our findings. However, the
pulmonary artery pressure was measured using

36

echocardiography in this study. Pulmonary artery
pressure and hilar enlargement had the highest levels
of significance when compared to PRHB alone and
hilar enlargement + PRHB. Based on the results of
this study, the highest sensitivity was obtained by
setting cuts for hilar enlargement as > 112 mm, PRHN
as > 44 mm, and hilum/thorax as > 0.44 (16).

Considering the earlier mentioned factors, such as
the invisibility of LDPA and RDPA in the chest X-rays of
many patients, numerous studies have utilized
radiological parameters in a thoracic ratio to eliminate
the effects of different body sizes. The radiological
findings in our study were hilar enlargement, PRHB,
and hilar enlargement + PRHB and their ratio to the
thorax. Hilar enlargement (r=0.489), hilar enlargement
+ PRHB (r=0.517), hilar enlargement/thorax
(r=0.482), and hilar enlargement magnitude +
PRHB/thorax had a significant correlation with PAH
(P<0.001). It was found that PRHB had no strong
correlation with PAH, and it should be mentioned that
right heart enlargement was a delayed finding and
would not significantly change in the early stages.

The main limitations of the present study were
the sample size and the lack of a control group since
healthy people could not undergo catheterization to
measure PAP. Therefore, the present study findings
could not effectively diagnose PAH; however, they
could follow up with those with PAH at an acceptable
accuracy rate.

6. Conclusion

Hilar enlargement and hilum/thorax ratio in chest
X-rays significantly correlate with PAP in patients
with pulmonary hypertension. This tool could be
used to follow up with patients and reduce the error
of body size variations and misinterpretation of the
hilum/thorax ratio. However, larger sample sizes and
studies involving a control group are recommended
for a more thorough investigation.
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