Surg Radiol Anat (2009) 31:801-807
DOI 10.1007/500276-009-0525-8

ORIGINAL ARTICLE

Diameters of normal thoracic vascular structures

in pediatric patients

Hatice Ozturkmen Akay + Cihan Akgul Ozmen -
Aylin Hasanefendioglu Bayrak - Senem Senturk -
Selahattin Katar - Hasan Nazaroglu - Mustafa Taskesen

Received: 8 February 2009 / Accepted: 27 May 2009 / Published online: 25 June 2009

© Springer-Verlag 2009

Abstract

Purpose To determine the normal range of aortic and pul-
monary artery diameters on chest CT, and to search a con-
stant ratio when the diameters of thoracic vascular
structures are compared with an internal reference.
Methods Contrast-enhanced chest CT scans of 133 pedi-
atric patients were retrospectively evaluated. Diameters of
ascending and descending aorta, main pulmonary artery,
right and left pulmonary arteries and a constant thoracic
vertebra were measured. The mean ratios of thoracic vascu-
lar diameters to the diameter of the thoracic vertebra were
calculated.

Results There was a positive correlation between the age
of the patients and vascular diameters. The mean ratios of
vascular diameters to the diameter of thoracic vertebra,
ranged from 1.1 for the ascending aorta to 0.70 for the right
and left pulmonary arteries, were consistent.

Conclusions Diameters of thoracic vascular structures
increase with age. The consistent vertebral to vessel ratios
can be useful in evaluation of chest CT of pediatric patients.
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Introduction

Computed tomography (CT) is widely used in diagnosis of
chest disorders not only in adults but also in pediatric
patients [16]. CT is the major diagnostic modality in evalu-
ation of mediastinal structures [19]. The development of
new technologies, such as greater number of detector rows
and submillimeter image thicknesses, has led to expanded
CT applications such as CT angiography. In pediatric
patients, multidetector—-row CT (MDCT) and CT angiogra-
phy have improved evaluation of the cardiovascular sys-
tem, thus decrease the necessity of diagnostic conventional
angiography [9, 19]. The number of MDCT examinations
performed for assessment of congenital and postoperative
cardiovascular diseases of pediatric patients has been
increasing [9].

In radiology practice, when we evaluate vascular struc-
tures of pediatric patients on CT, we need to know normal
diameters of the aorta and pulmonary arteries in order to
determine some vascular pathology such as aortic aneu-
rysms and pulmonary hypertension. Dilatation of pulmo-
nary arteries is a reliable criterion in diagnosis of
pulmonary hypertension [4, 10]. The number of cases with
aortic dilatation or aneurysms in children with Takayasu
arteritis, bicuspid aortic valve, Marfan syndrome, Turner
syndrome, Larsen syndrome, Loey-Dietz syndrome and
cutis laxa is increasing [2, 5, 6, 11, 15, 20, 22]. Several
studies have measured the diameters of pulmonary arteries
[3, 7] and both pulmonary arteries and thoracic aorta [14] in
adults. There are studies which measured diameters of
thoracic aorta by echocardiography in pediatric patients
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[17, 18]. However, to our knowledge, there is only one
study which has been designed to determine the range of
normal aortic diameters of pediatric patients on CT [8].

In this retrospective study, we aimed to determine the
normal range of aortic and pulmonary artery diameters on
chest CT scans, which were performed for chest disorders
apart from cardiovascular diseases. We also searched
whether there was a relationship between the diameters of
thoracic vascular structures and the anteroposterior (AP)
diameter of thoracic vertebral body.

Materials and methods

In a 15-month period, from June 2006 to October 2007, the
chest CT examinations of 250 patients, age range from
1 month to 16 years, were evaluated retrospectively. Chest
CT was performed with preliminary diagnoses of various
chest pathologies, most of which were pneumonia with
complications (Table 1). The patients who had abnormal
cardiac physical examination findings, cardiovascular
anomalies on echocardiography, chest diseases that can
affect pulmonary flow and pressure, connective tissue dis-
eases and skeletal pathologies were excluded from the
study. Preliminary diagnoses and CT findings of the study
group are listed in Tables 1 and 2.

Table 1 Preliminary diagnosis of patients in the study group

Preliminary diagnosis Patient number

Pneumonia 61
Malignancy 20
Trauma 16
Chronic cough 16
Foreign body aspiration 10
Pleural effusion 8
Hydatic cyst 2

133

Table 2 CT diagnosis of patients in the study group

CT diagnosis Patient number
Normal 49
Focal parenchymal consolidation 29
Subsegmental atelectasis 28
Focal pulmonary contusion 7
Foreign body 6
Pleural effusion 4
Mediastinal lymphadenopathy 4
Nodule 4
Solitary hydatic cyst 2
133
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Patients with congenital cardiac disease, Takayasu arter-
itis, bicuspid aortic valve, Marfan syndrome, Turner syn-
drome, Larsen syndrome, Loey-Dietz syndrome and cutis
laxa are at risk for progressive aortic dilation and aneurysm
[2, 11, 12, 20, 23]. Pulmonary artery aneurysms are rare;
most patients with pulmonary artery dilatation have pulmo-
nary hypertension. The causes of pulmonary hypertension
in pediatric patents are respiratory distress syndrome,
chronic lung disease, severe infection, congenital diaphrag-
matic hernia, congenital cardiac diseases, chronic hypoxia,
cystic fibrosis, high altitude, interstitial disease, scoliosis,
neuromuscular disease, airway obstruction and vasculitis
and idiopathic [21]. Pulmonary artery aneurysms are gener-
ally associated with congenital heart disease. Secondary
acquired lesions, such as bacterial endocarditis, septic
emboli, syphilis, tuberculosis, cystic medial necrosis and
Behcets’ syndrome are also associated with pulmonary
artery aneurysms [1, 13]. Considering these pathologies, we
excluded patients who had either clinical or CT findings
associated with congenital cardiac disease, disseminated or
chronic chest diseases, massive pleural effusion, empyema,
connective tissue diseases and skeletal pathologies. Out of
the 133 study subjects, 49 had normal chest CT. To our
knowledge pathologies listed in Table 2, namely focal
parenchymal consolidation, atelectasis, focal pulmonary
contusion, minimal pleural effusion, mediastinal lymphade-
nopathy, nodule, solitary hydatic cyst have not been
reported to cause aortic or pulmonary artery dilatation.

The body weight and height of all individuals in the
study group were within normal limits considering their
ages. The study group included 133 patients, 91 boys and
42 girls. The patients were divided into five groups accord-
ing to their age: Group 1, 0-12 months; Group 2, 13-36
months; Group 3, 37-72 months; Group 4, 73—-120 months;
Group 5, 121-192 months.

CT protocol

All studies were performed on a CT with 64 detectors (Phi-
lips Brilliance CT scanner, Philips Medical Systems,
Cleveland, Ohio). None of the patients required sedation. A
20-24 gauge angiocatheter was introduced into antecubital
vein of each patient. Administration rate was 1-3 ml/s and
300 mg/ml of 20-50 cc (1-2 ml/kg) nonionic iodine solu-
tion was used as contrast medium. Bolus tracking was
installed at the descending aorta and after a 10-12 s delay;
the region between the apex and the base of the lungs was
scanned in 4-6s. Variable dose parameters (range 30—
60 mA and 80-120 kV) were selected considering the body
weight of the child. The scan parameters were as follows:
reconstruction interval 0.75, the pitch factor 0.67—1.72, the
rotation time 0.5-0.75s and the collimation 64 x 0.625.
Evaluation was performed using a work station (Philips
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Fig. 1 The diameters of the
right (a), and the left and main
(b) pulmonary arteries. The
measurements were performed
perpendicular to the long axis of
these vessels

Extended Brilliance Workspace Philips Medical Systems,
Best, The Netherlands) after image reconstruction of 3-mm
thickness.

The measurements were performed on the workstation
with the consensus of two radiologists. Taking into account
that there was some difference in contrast bolus and vascu-
lar enhancement between patients, observers used a medi-
astinal window of variable settings (window level: 60-80;
window width: 300-400) which demonstrated vascular
structures clearly.

The largest transverse diameter perpendicular to the long
axis of the main pulmonary artery (MPA) was measured at
the level of pulmonary bifurcation. Distal to the bifurcation,
the diameters of the right pulmonary artery (RPA) and the
left pulmonary artery (LPA) were measured perpendicular
to their long axis. The measurements were performed
within proximal 2 cm distance from the lobar branching of
the right and left pulmonary arteries (Fig. 1). The measure-
ments of the aortic lumen were performed in the true axial
plane perpendicular to the long axis of the vessel using
oblique multiplanar reconstruction. The transverse diame-
ters of ascending and descending aorta were measured at
the level of pulmonary bifurcation (Figs. 2, 3). In order to
facilitate evaluation of vascular structures in daily radiol-
ogy practice, we tried to find out whether there was a con-
stant value when the measurements of vascular diameters
were compared with an internal reference. The thoracic (T)
vertebra, which was at the level of pulmonary bifurcation,
was used as the internal reference. The largest AP diameter
of the T vertebra was measured (Fig.4). The ratios
obtained by division of each vessel diameter to the AP
diameter of the T vertebra were calculated for each subject.

Statistics

The patients were divided into five groups according to
their age. The distribution of patients in age groups is
shown in Table 3. The aortic and pulmonary artery diame-
ters were analyzed with respect to the age groups, sex and

Fig. 2 Measurement of transverse diameter of ascending aorta at the
level of pulmonary bifurcation

Fig. 3 Measurement of transverse diameter of descending aorta at the
level of pulmonary bifurcation

the T vertebral body size. Pearson’s correlation was used to
evaluate the relationship between the age of the subjects
and the measurements of thoracic vascular structures and
the T vertebra. The measurements of the two genders were
compared by Chi-square test. Analysis of variance
(ANOVA) and post hoc Bonferroni were used to compare
data obtained from the five age groups. The results were
expressed as the mean = standard deviation (SD) and con-
sidered significant when P was less than 0.05.
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Fig. 4 The AP diameter of the thoracic vertebra at the level of pulmo-
nary bifurcation

Table 3 The distribution of patients according to gender and age

Groups Age Mean age Female Male Total Percent

(months) (years) (n) (n) subjects (n) (%)
Group 1 0-12 0.7 7 20 27 20.3
Group 2 12-36 23 10 19 29 21.8
Group 3 37-72 5.1 3 12 15 11.3
Group 4 73-120 8.3 5 20 25 18.8
Group 5 121-192 13.5 17 20 37 27.8
Total ~ 0-192 6.5 42 91 133 100
Results

When the diameters of AA, DA, MPA, RPA, LPA and AP
diameter of the T vertebra were compared between genders,
the difference was not statistically significant (P > 0.05);
however, the differences between the age groups were sta-
tistically significant (P < 0.001). The mean diameters of the
vessels and the T vertebra in age groups are displayed in
Table 4.

Table 5 Correlation between

age and the diameters of AA, r P value
DA, MPA, RPA, LPA and AA 0.836 0.0001
T vertebra
DA 0.831 0.0001
MPA 0.801 0.0001
RPA 0.833 0.0001
LPA 0.777 0.0001
r correlation coefficient T 0.867 0.0001

There was a positive correlation with high coefficients
(r) between the age of the patients and the diameters of AA,
DA, MPA, RPA, LPA and the T vertebra (Table 5; Fig. 5).

The vessel to vertebra ratios that obtained when diame-
ters of AA, DA, MPA, RPA, LPA divided into the AP
diameter of the T vertebra were also compared with
ANOVA. The differences were not statistically significant
(P>0.05) among the five groups for each vessel. The
results are shown in Table 6. The ratios were proved to be a
constant value for each vascular structure with standard
deviations in the 10-20% range. These mean ratios for each
vessels of all groups are as follows: 1.1 = 0.18 for AA;
1.0 £ 0.20 for MPA; 0.70 & 0.10 for RPA and LPA; and
0.83 £ 0.1 for DA.

Discussion

One of the most important contributions of MDCT in pedi-
atric patients is expanded cardiovascular CT applications.
The limitations of CT angiography in pediatric patients,
such as motion artifacts and the smaller amount of contrast
material used, have been overcome with the invention of
MDCT and diagnostic images have been obtained. Thus,
MDCT is becoming one of the first-line studies to diagnose
the cardiovascular pathologies of infants and children [9].
The normal diameters of main cardiovascular structures
should be known to determine dilatation or stenosis. How-
ever, to our knowledge there is no study with MDCT on
normal thoracic vascular diameters of pediatric individuals
in the English literature. Therefore, in this study we tried to
determine mean diameters of the normal thoracic vascular
structures in pediatric patients according to their age and
gender. Since the mean diameters change according to the

Table 4 The mean diameter (in

millimeters) of the vessels and Vessel Group 1 Group 2 Group 3 Group 4 Group 5 P value
the T vertebra in each group AA 124+24 151419 185429 209438 251427  <0.0001
DA 98415  I1L1+21 136424 153426  179+24  <0.0001
MPA 11.6+17  148+29 160429 188426 220430  <0.0001
RPA 76+1.1  101+14  1134£24  129+£18  152+19  <0.0001
LPA 81423 96+14 115424 127416  144+18  <0.0001
T 113+17  138+19  164+25 187424 212423  <0.0001
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Fig. 5 Graphs show high correlation between age (year) and the diameters (mm) of ascendant aorta (AA), descendant aorta (DA), main pulmo-
nary artery (MPA), right pulmonary artery (LPA), left pulmonary artery (LPA) and thoracic vertebra (T)

age groups, we searched for a constant value using the AP structure to the AP diameter of the T vertebra remained
diameter of the T vertebra as an internal reference. The  constant for each vessel in our study group. Since the differ-
ratios obtained by division of the diameter of each vascular  ence of these ratios was not statistically significant between
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Table 6 The mean ratios determined for each vessel in each group

Vessel/T* Group 1 Group 2 Group 3 Group 4 Group 5 Mean of all groups P value
AA/T 1.1 £0.17 1.0 £0.17 1.1 £0.15 1.1 £0.19 1.1 £0.20 1.1 £0.18 >0.05
DA/T 0.83 £0.12 0.80 £ 0.13 0.83 £0.11 0.82 £0.11 0.84 £0.11 0.83 £0.11 >0.05
MPA/T 1.0 £0.17 1.0 £0.25 0.90 £ 0.19 1.0 £0.18 1.0 £0.18 1.0 £0.20 >0.05
RPA/T 0.68 £0.17 0.70 £0.11 0.69 £ 0.11 0.69 £0.12 0.72 £0.11 0.70 £ 0.10 >0.05
LPA/T 0.72 £ 0.20 0.70 £ 0.10 0.70 £ 0.10 0.68 = 0.10 0.68 £ 0.11 0.70 £ 0.10 >0.05

% AP diameter of the thoracic vertebra at the level of pulmonary bifurcation

genders and age groups, we postulate that these constant
ratios can be useful in evaluation of vascular structures and
predilection of normal diameters in pediatric patients
regardless of age and gender. To our knowledge, this is the
first study to determine constant ratios to evaluate diame-
ters of thoracic vascular structures in pediatric patients.

In a study by Edwards et al. [7], it was postulated that
the diameters of the pulmonary arteries did not change with
age. However, most of the patients in their study group,
ages ranged from 11 to 90, were adults with only few chil-
dren all of whom were over age 10 [7]. Therefore, we
believe that the results of the study by Edwards et al. cannot
be regarded valid for pediatric age group. Our study, of
which the study group included only pediatric patients,
showed that there was a positive correlation with age and
diameters of MPA, RPA and LPA. In addition, we also
found that the diameters of AA and DA and T vertebra
showed a positive correlation with age.

In the literature search we could not find studies con-
cerning variations of pulmonary arteries. During the study
we did not encounter any variations on pulmonary bifurca-
tion. Thus, there was no effect on variations on pulmonary
bifurcation in regards with our measurements.

The study performed by Bozlar et al. [3] showed that in
adults the diameter of LPA was significantly larger that the
diameter of RPA. Although the same measurement tech-
nique was applied, our study revealed that the difference
between the diameters of LPA and RPA was not statisti-
cally significant. Our study also showed that the ratios of
diameters of LPA and RPA to the AP diameter of the T ver-
tebra were constant (0.70) regardless of age and gender in
pediatric age.

Bozlar et al. [3] also showed that the diameters of MPA
and RPA were not significantly different in men and
women, whereas the diameters of LPA were significantly
larger in men when compared to the diameters of LPA of
women. However, the study by Edwards etal. and our
study showed that the diameters of pulmonary arteries did
not significantly differ when the means of the two genders
were compared.

In this study we measured the diameters of ascending
and descending aorta as well as the diameters of pulmonary
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arteries in pediatric patients. To our knowledge the study
by Fitzgerald et al. [8] is the only study to evaluate thoracic
aorta in pediatric patients. They measured the diameters of
thoracic aorta and the width of the thoracic vertebra at the
level of pulmonary bifurcation. They showed that both the
diameters of thoracic aorta and vertebral body width had a
linear relationship to age. Neither mean diameters of tho-
racic aorta with respect to age groups, nor the ratio of the
diameters of thoracic aorta to the width of the vertebra were
calculated in their study. Our study revealed that there was
a positive correlation between the diameters of thoracic
aorta and the AP diameter of the T vertebra. In addition, we
found that the ratio of the diameters of thoracic aorta to the
AP diameters of the T vertebra did not significantly differ
when the age groups were compared. These constant values
can be useful in evaluation of thoracic vascular structures to
determine whether the diameters are within normal limits.
More studies with larger study groups are necessary to con-
firm these findings.

An important limitation of this study is that all individu-
als in the study group were patients most of whom with
chest diseases. However, we excluded patients with clinical
and CT findings which might affect the vascular structures.

In conclusion, we calculated the mean diameters of tho-
racic vascular structures of pediatric patients in five age
groups. This study revealed that the mean diameters of tho-
racic vascular structures and AP diameter of the T vertebra
increased with age. Presence of a constant value for each
vessel independent of age will help us make distinction
between normal and abnormal thoracic aorta and pulmo-
nary arteries in pediatric age.
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