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Objective: In this study, we aimed to evaluate the feasibility of the main
pulmonary artery (MPA)/ascending aorta (AA) ratio measurement, which
is 1:1in adults, using the multi-detector computed tomographt in pediatric
patients also.

Method: The study was approved by the Institutional Review Board
(number: 09.2016.014, approval date: 08.01.2016) and informed consent
was waived since the study was retrospective. IV contrast-enhanced
pulmonary computed tomography images of 487 pediatric patients (0-18
years), which had been performed between January 2015 and February
2016 in our center, were retrospectively evaluated. The diameters of the
AA, MPA, right and left pulmonary arteries, and thoracic aorta were
measured separately.

Results: A positive correlation was determined between the diameters
of mediastinal vascular structures and the patient age. The MPA/AA ratio
was higher in the pediatric group when compared to adults, and this ratio
was found to be higher than 1in all pediatric cases.

Conclusion: The higher diameter of MPA when compared to AA in
pediatric cases is thought to be responsible for MPA/AA ratio being
greater than 1, and that should not be considered as pulmonary
hypertension. We suggest a threshold of 1.06 for the MPA/AA ratio
regarding the diagnosis of PH.
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Amag: Calismada multi-dedektor bilgisayarli tomografi - kullanarak,
erigkin yas grubunda 1:1 olan ana pulmoner arter (APA)/asendan aorta
(AA) oraninin pediyatrik yas grubunda uygulanabiliyor olup olmadigini
arastirmayi amagcladik.

Yontem: Calisma icin, Klinik Arastirmalar Etik Kurulu tarafindan
08.01.2016 tarihinde 09.2016.014 sayili yazi ile onay verilmistir. Ocak 2015
ile Subat 2016 tarihleri arasinda hastanemize bagvuran ve kontrastli
akciger bilgisayarli tomografisi gekilen pediyatrik yas grubundan (0-18
yas) 487 olgunun gorlntileri retrospektif olarak degerlendiriimistir. AA,
APA, sag pulmoner arter, sol pulmoner arter, torasik aorta ve torasik
vertebra gaplari ayri ayri olgulmustur.

Bulgular: Olciillen mediastinal vaskiiler yapi caplar ve hasta yasi
arasinda pozitif korelasyonun varligi tespit edilmistir. APA/AA oraninin,
pediyatrik yas grubunda erigkin yas grubuna gore anlamli olarak yiiksek
oldugu tespit edilmistir. Calismamizda bu oran tim pediyatrik yas gruplar
arasinda 1'in Uzerinde bulunmustur.

Sonug: Pediyatrik yag grubunda APA'nin AA capindan daha genis olmasi
nedeniyle APA/AA oraninin Tin Uzerinde olan tum olgularda pulmoner
hipertansiyon 6n tanisinda bulunulmamalidir. Bu oranin esik degerinin
1,06 olarak kabul edilebilecegini onermekteyiz.

Anahtar kelimeler: Aorta, ¢ocuk, hipertansiyon, pulmoner arter,
tomografi
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Introduction

Pulmonary hypertension (PH) is a rare disorder with
significant morbidity and mortality rates in newborns,
infants, and children. In most of the pediatric patients,
PH is either idiopathic or associated with congenital heart
disease; rarely, it may be associated with other conditions
such as connective tissue diseases and thromboembolic
disorders (1).

Multi-detector computed tomography (MDCT) has been
increasingly used for the evaluation of congenital and
postoperative cardiac disorders in the pediatric age group.
When the radiation dose used is particularly taken into
consideration, obtaining most of the information through
diagnosticscreeningasfaraspossibleisimportantregarding
patient care. The complete assessment of all structures
observed on tomography carries critical importance
whether they are related to the clinical indication or not.
For example, the diameters of the mediastinal vascular
structures (MVS) observed on computed tomography
(CT) should be a part of the routine evaluation of the
cardiomediastinal structures. The measurement and
determination of these main vessels on MDCT have a high
degree of reconciliation among different independent
observers. Moreover, the measurements obtained through
right heart catheterization, which is considered as the
reference for the assessment of the pulmonary arterial tree,
show a good correlation with the diameters of the vascular
structures observed on CT (2,3).

As seen in MDCT, the ratio of the diameter of the main
pulmonary artery (MPA) to the diameter of the ascending
aorta (AA) has been generally considered as equal to or less
than 1 in healthy adults. The MPA/AA ratios over 1 suggest
the presence of PH. In children, PH has been clinically
defined using the criteria also used in adults: The mean
pulmonary artery pressure greater than 25 mmHg (4).

Patients with PH may be relatively asymptomatic or may
manifest normal findings on physical examination (5).
However, this disorder might have various underlying
causes, and the manifestations might be delayed in
the clinical course due to its non-specific findings and
symptoms (dyspnea, syncope, chest pain, fatigue) (1,6,7).

MDCT has been used for the exclusion of secondary causes
that might lead to PH in children diagnosed with PH (8).
Meanwhile, it can also be used for the identification of
asymptomatic patients who have not been diagnosed with
PH. This information carries importance regarding the
referral of the patient to the clinician. The treatment and

follow-up of the patient can be initiated when the findings
of hypertension are identified. Thus, the use of proper MPA/
AA ratio in pediatric patients, which is determined based
on the findings in MDCT performed for other reasons,
has critical importance for the identification of high-risk
pediatric patients.

In our study, it was aimed to determine the ratio of the
MPA diameter to the diameter of the AA based on the
morphometric measurements of main mediastinal vascular
structures using the MDCT in healthy children.

Materials and Methods

The contrast-enhanced pulmonary CT images of 487
patients in pediatric age group (0-18 years), who had
been admitted to our hospital between January 2015 and
February 2016, were evaluated retrospectively. The study
was approved by the Institutional Review Board (ethics
committee no: 09.2016.014, approval date: 08.01.2016)
and informed consent was waived since the study was
retrospective.

Patients with disorders that could be considered to change
the MPA/AA ratio, such as parenchymal pulmonary disease,
congenital (pulmonary hypoplasia,
congenital hernia),
pulmonary parenchymal mass, the presence of significant
artifacts that might have led to faulty measurement of MVS,
and non-contrast investigations, were excluded from the study.

lung malformation

diaphragmatic mediastinal mass,

Four hundred eighty-seven cases were classified into four
different age groups: 0-24 months, 2-6 years, 7-11 years,
and 12-18 years. A different number of cases were present
in each group. 64.5% of the cases were male and 35.5% were
female.

The MDCT investigations of the patients were performed
by the 256-detector MDCT (Siemens, the Somatom
Definition Flash, Germany) equipment. The contrast agent
was then administered through the antecubital vein at a
dose equivalent to the patient’s age and speed of 0.5-1 mL/
sec using an automated syringe. Detector collimation of
128x0.6 mm, tube voltage of 120 KV, a gantry rotation of 0.28
sec., tube current of 50-148 mA, and the pitch value of 3.2
were used as the imaging parameters during tomographic
examination in pediatric cases with body weight up to
30 kg. In pediatric cases having a body weight over 30 kg,
detector collimation of 32x1.2 mm, tube voltage of 120
kV, a gantry rotation of 0.5 sec, tube current of 50-148 maA,
and the pitch value of 1.4 were used. The obtained MDCT
images were sent to the workstation through the network.
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The images were reconstructed at a thickness of 3 mm and
with a reconstruction interval of 3 mm.

The CT images were retrospectively evaluated by two
radiologists, one with more than 10 years experience and
the other with one-year experience in thoracic radiology.
All measurements were performed using the contrast-
enhanced images and at the axial plane. The AA, the MPA,
the right and left pulmonary arteries, the thoracic aorta
(TA), and the thoracic vertebra (TV) at the same level were
measured. AA and TA were measured transversely at the
level of the right pulmonary artery. MPA was measured at its
widest point, perpendicular to its longitudinal axis, and at
the distal level of the postvalvular segment (Figure 1). The
right and left pulmonary arteries were measured at their
widest points and perpendicular to the longitudinal axis.
The anteroposterior (AP) corpus diameter of the TV was
measured at the cross-sectional level that the pulmonary
bifurcation was observed.

Figure 1. The measurement levels of the mediastinal
vascular structures

Statistical Analysis

SPSS 21.0 software was used for statistical analysis.
During the evaluation of the study data, the Kolmogorov-
Smirnov normality test was used for the identification of
the descriptive statistical methods (frequency, percentage,
mean, standard deviation) together with conformity with
a normal distribution. For comparison of qualitative data,
the Pearson chi-square and Fisher’s Exact tests were used.
For quantitative data and comparison of the parameters
between two groups, the Mann-Whitney U test was used.
For the comparison of quantitative data among more than
two groups of parameters which were not in conformity
with a normal distribution, the Kruskal-Wallis test was
used. The results were evaluated within the confidence
interval of 95% and at a significance level of p<0.05.

Results

In our study, contrast-enhanced MDCT images of a total
of 487 cases were evaluated. The mean age of the patients
was 118.5+64 (1-216) months. Of the patients, 314 (64.5%)
were male and 173 (35.5%) were female. Twenty six (5.3%)
patients were in the 0-24 months age group, 146 (30%) were
in the 2-6 years age group, 105 (21.6%) were in the 7-11
years age group, and 210 (43.1%) were in the 12-18 years
age group.

The distributions of the MDCT measurements together with
the MPA/AA and MVS/TV ratios according to gender were
shown in Table 1 and Figures 2 and 3. The measurement
results of MPA, AA, right and left pulmonary arteries, TA,
and TV were found to be statistically significantly higher
in males compared to females (p<0.05). The MPA/AA was
determined to be significantly higher in females compared
to the males (p<0.05).

Table 1. The distributions of the measurements of the patients according to gender

Male (n=314) Female (n=173)
. 355 . 3585 5 *

c 8 °o% E £ c 8 tg E E

© o S-S g X © o S ¢ x

] [} 83 £ © ] [} s 3 £ ©

= = no = = = = wn o = =
MPA (mm)* 20.04 20.00 4.06 1040 33.00 1876 1870 3.83 810 28.50 0.002
AA (mm) 19.26 1950 393 9.00 30.00 1753 1750 3.65 810 2770 <0.001
Right pulmonary artery (mm) 1230 12.00 278 6,50 22.80 1121 1.00 250 450 1700 <0.001
Left pulmonary artery (mm) 12,67 1250 270 6.00 20.00 1142 11.00 2.46 5,50 19.00 <0.001
Thoracic aorta (mm) 1515 1540 346 6,50 2540 1316 13.00 3.03 6.00 23.00 <0.001
Thoracic vertebra AP (mm) 19.90 2000 375 930 2850 1775 1780 3.21 700 26.00 <0.001
MPA'/AA' ratio 1.05 1.04 013 065 154 1.08 1.08 013 070 146 0.006

‘MPA: Main pulmonary artery, TAA: Ascending aorta, AP: Anteroposterior
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When all cases were taken into consideration, the calculated
mean MPA/AA ratio was 1.06 and was 1.07 (x0.11) in 0-24
months age group, 1.09 (+0.13) in the 2-6 years age group,
1.06 (+0.12) in the 7-11 years age group, and 1.03 (+0.13) in
the 12-18 years age group. The distributions of the MDCT
measurements together with the MPA/AA (Figure 4) and
MVS/TV ratios according to the age groups were shown in
Table 2. No statistically significant differences were found
to be present between the 0-24 months age group and the
2-6 years age group (p>0.05), the other age groups were
statistically significantly different from each other regarding
AA, right and left pulmonary arteries, and TA (p>0.05).
All age groups were different from each other regarding
MPA and TV (p<0.05). The 2-6 years age group was found
to be statistically significantly different when compared
to the 7-11 years age group; the differences among other
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Figure 2. The distribution of the MPA/AA ratio according
to gender

MPA: Main pulmonary artery, AA: Ascending aorta

groups were not statistically significant regarding MVS/TV
(p>0.05).

When the relationships between gender and age groups
were analyzed, it was found that in males that the 2-6 years
and 12-18 years age groups were statistically significantly
different from each other (p<0.05), and the differences
among the other age groups were not significant (p>0.05)
regarding MPA/AA ratio. No significant differences were
present between the 0-24 months age group and the
2-6 years age group (p>0.05), the other age groups were
statistically significantly different from each otherregarding
the MPA, AA, right and left pulmonary arteries, TA, and TV
(p<0.05). The 2-6 years age group was significantly different
from the 7-11 years age group regarding the MVS/TV ratio
(p<0.05), the differences between the other age groups were
not statistically significant (p>0.05).
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Figure 3. The distribution of the MVS/TV ratio according
to gender

MVS: Mediastinal vascular structures, TV: Thoracic vertebrae

Table 2. The distributions of the measurements of the patients according to the age groups

0-24 months 2-6 years 7-11 years 12-18 years

Mean * Mean * Mean * Mean *
MPA (mm)* 13.39 3.58 16.57 2.36 20.01 2.73 22,23  3.20
AA (mm)t 12.50 315 15.26 2.07 18.95 2.40 21.61 2,65
Right pulmonary artery (mm) 7.85 2.05 9.83 1.57 12.04 1.96 13.79 214
Left pulmonary artery (mm) 8.27 2.31 10.04 153 12.46 171 1412 2.02
Thoracic aorta (mm) 8.97 217 11.43 1.62 1450 198 1719 2.38
TV AP (mm) 12.82 2.42 16.10 1.76 18.77 1.95 22,23 249
MPA/AA ratio 1.07 011 1.09 013 1.06 012 1.03 013
MVS* /TVS ratio 0.80 012 0.79 on 0.83 0.09 0.81 010

*MVS: Mediastinal vascular structures, STV: Thoracic vertebrae, ‘MPA: Main pulmonary artery, {AA : Ascending aorta, AP: Anteroposterior
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Figure 4. The distribution of the calculated MPA/AA ratio
in all cases included in the study

MPA: Main pulmonary artery, AA: Ascending aorta

In females, no significant differences were found to be
present among the age groups regarding the MPA/AA
ratio (p>0.05). There was no difference between the 7-11
years and the 12-18 years age groups (p>0.05), the other
age groups were different from each other regarding MPA
(p<0.05). There were no differences between the 7-11 years
and 12-18 years age groups and between the 0-24 months
and 2-6 years age groups regarding AA (p>0.05), the other
age groups were different from each other (p<0.05). No
significant differences were present between the 0-24
months and 2-6 years age groups (p>0.05), the other age
groups were found to be different from each other (p<0.05)
regarding the right and left pulmonary arteries, TA, and
TV. A statistically significant difference was found between
the 0-24 months and the 7-11 years age groups (p<0.05),
the other age groups were not different from each other
(p>0.05) regarding the MVS/TV ratio.

In patients within the 0-24 months age group, no differences
were found between males and females regarding MPA,
AA, right and left pulmonary arteries, TA, TV, the MPA/
AA and MVS/TV ratios (p>0.05). In patients within the 2-6
years age group, no differences were found between males
and females regarding MPA, AA, right and left pulmonary
arteries, the MPA/AA and MVS/TV ratios (p>0.05). The
TA and TV measurements were found to be statistically
significantly higher in males when compared to females
(p<0.05). In patients within the 7-11 years age group,
no differences were found between males and females
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regarding MPA, AA, right pulmonary artery, the MPA/AA and
MVS/TV ratios (p>0.05). The left pulmonary artery, TA and
TV measurements were found to be statistically significantly
higher in males when compared to females (p<0.05). In
patients within 12-18 years age group, no differences were
found between males and females regarding the MPA/AA
and MVS/TV ratios (p>0.05). The measurements of MPA,
AA, the right and left pulmonary arteries, TA, and TV were
found to be statistically significantly higher in males when
compared to females (p<0.05).

A negative significant correlation at a level of 22.6% was
determined between age and MPA/AA ratio (r=-0,226,
p=0,001). No significant relationship was determined
between age and the MVS/TV ratio (p>0.05). A significant
positive correlation at a level of 81.1% was determined
between age and the AA (r=0.811, p<0.001). A significant
positive correlation at a level of 70.9% was present between
age and the MPA (r=0.709, p<0.001). A significant positive
correlation at a level of 73.6% was present between age and
the right pulmonary artery (r=0.736, p<0.001). A significant
positive correlation at a level of 75.6% was determined
between age and the left pulmonary artery (r=0.756,
p<0.001). A significant positive correlation at alevel 0f85.3%
was present between age and the TA (r=0.853, p<0.001). A
significant positive correlation at a level of 85.6% was found
between age and the TV AP (r=0.856, p<0.001).

Discussion

One of the most significant contributions of MDCT in the
pediatric age group is the assessment of the cardiovascular
system. In this age group,
administration of low-dose contrast agent are among the
limitations of CT angiography. However, with the invention
of MDCT, these problems have been overcome. Therefore,
in infancy and pediatric age group, MDCT has become one
of the first investigations for the diagnosis of cardiovascular
pathologies (9). In the newborn period, MPA may be wider
than AA. Since the pulmonary arterial pressure is high due
to the physiologic circulation of the fetus, an increase in the
diameter of MPA may be observed.

motion artifacts and

In our study, we aimed to demonstrate the presence of a
negative correlation between MPA/AA ratio and increasing
age in the pediatric age group. Also, we aimed to calculate
the mean values of thoracic vascular structures, together
with the positive correlations of these values with increasing
age and the inter-gender variations. In none of the cases
included in our study, a suspicious finding regarding PH
was identified in computed tomographic images. To our



Bagcilar Medical Bulletin,
Volume 6, Issue 2, June 2021

Yaghouti et al.

Multi-detector Computed Tomography of Mediastinal Vascular Structures in Healthy Children

knowledge, the relationships between pediatric age groups,
the mean values of thoracic vascular structures and MPA/
AA ratio have not been discussed in the literature.

Truong et al. (10), in the study that they conducted on 3.171
adult casesin 2011, aimed to determine a reference value for
the MPA/AA ratio and verified this value as 0.9. In another
study conducted by Edwards et al. (3), it was concluded that
the increase in MPA diameter was not correlated with age
increase. However, the patient ages in their study group
ranged between 11 years and 90 years, and few patients
were in the pediatric age group. On the other hand, in our
study, a significant correlation for the MPA / AA ratio was
determined in the pediatric age group, contrary to the
results of the study conducted by Edwards et al. (3).

In our study, the mean MPA/AA ratio was found to be 1.06,
and in all age groups this ratio was above 1 (in the 0-24
months age group, 1.07 (+0.11), in the 2-6 years age group,
1.09 (£0.13), in the 7-11 years age group, 1.06 (+0.12), in the
12-18 years age group 1.03 (+0.13). The results obtained in
our study suggest that the statement related to adults that
the MPA/AA ratio should be 1 or less than 1 is not valid for
the pediatric age group.

Ichida et al. (11), in their study related to echocardiography
in pediatric age group, determined that the MPA/AA ratio
decreased with increasing age. The results revealed a
significant relationship between the MPA/AA ratio and age.
Compton etal. (4), in measurements of 200 healthy children
that they performed with MDCT in 2015, calculated the
MPA/AA ratio to be greater than 1 and close to 1.09 in all
pediatric age groups. We calculated this ratio as over 1
and obtained similar results. Compton et al. (4), Fitzgerald
et al. (12), and Akay et al. (2), in their studies, stated that
no statistically significant difference was present between
the MPA/AA ratio and gender. However, in our study
conducted with 487 cases, we determined that this ratio was
statistically significantly higher in females when compared
to males (p<0.05) (1.08 in females vs. 1.05 in males).

When we investigated the relationship between the MPA/
AA and age groups, we determined that this ratio was
statistically significantly higher in the 2-6 years age group
when compared to the 12-18 years age group. No other
significant difference was determined among the other
age groups. Akay et al. (2), in their study conducted on the
pediatric age group in 2009, in accordance with our study;,
showed the presence of a positive correlation between AA,
MPA, right and left pulmonary arteries, TA, TV, and age
(p<0.001). We also determined that these vascular structures

were positively correlated with age (p<0.001). On the other
hand, Akay et al. (2) in their study, found no statistically
significant difference in these vascular structures related to
gender. On the contrary, in our study, we determined that
the diameters of MPA, AA, right and left pulmonary arteries,
TA, and TV were significantly higher in males compared to
females (p<0.05).

When we investigated the changes related to age in both
genders, we determined in males that no significant
differences were present between the 0-24 months age
group and the 2-6 years age group regarding the diameters
of MPA, AA, right and left pulmonary arteries, TA, and
TV. The other age groups were found to be different from
each other. On the other hand, in females, no significant
differences were present between the 0-24 months and 2-6
years age groups regarding the diameters of right and left
pulmonary arteries, TA, and TV. The other age groups were
different from each other (p<0.05). The study conducted by
Fitzgerald et al. in the pediatric age group revealed that TA
and the TV width measured at the level of pulmonary artery
bifurcation increased with age (12). Also in our study, it was
found that TA and TV AP diameters increased consistently
with increasing age (p<0.001).

Our study had a limitation. Since PH could not be excluded
in the cases included in our study, a negative MPA/AA ratio
could not allow us to rule out the absence of PH. However,
when our criteria for exclusion from the study are taken into
consideration, we have the opinion that we have excluded
many conditions that could be predisposing factors for PH.

In previously conducted studies, the mean MPA/AA ratio
was determined by measuring the MPA and AA for the
prediction of PH. In the adult age group, the limit value for
MPA/AA has been determined as 1. The values greater than
1 for this ratio has been suggested to create suspicion for
PH. However, this ratio should not be used in the pediatric
age group. In our study, it was determined that this ratio was
greater than 1 in healthy children, contrary to the adult age
group. Also, even though the MPA/AA ratio was negatively
correlated with age, the threshold value was calculated to
be 1.06 in all age groups.

Conclusion

We do not favor using MDCT for an investigation when PH
is suspected in the pediatric age group. On the other hand,
we have the opinion that the changes determined in the
MPA/AA ratio should take place in the radiology reports for
enabling appropriate patient monitoring. We suggest that
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cases with MPA/AA ratio 1.06 and over in MDCT should be
evaluated regarding PH.
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