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Normal Distance Measurements Between the Origins of the Major
Branches of the Abdominal Aorta on Computed Tomography
Angiography in Children

Cocuklarda Bilgisayarli Tomografi Anjiyografisinde Abdominal Aortun Ana Dallarinin
Orijinleri Arasindaki Normal Mesafe Olgimleri

@ Edis COLAK
University of Health Sciences Turkey, Dr. Behget Uz Pediatric Diseases and Surgery Training and Research Hospital, Clinic of Radiology, izmir, Turkey

ABSTRACT

Aim: The aim of the present study was to determine the normal distances between the origins of the major branches of the abdominal aorta, and
their distances to the aorta at the diaphragmatic region and iliac bifurcation on multidetector computed tomography (MDCT) angiography in
pediatric patients.

Materials and Methods: The MDCT angiography scans obtained from 245 children aged between 0 and 18 years (mean age+standard deviation,
8.48+5.14 years) were retrospectively re-evaluated. The distances between the origins of the celiac trunk (CTR), superior mesenteric artery (SMA),
right renal artery (RRA), left renal artery (LRA), and inferior mesenteric artery (IMA) were measured. The distance measurements between the aorta
at the diaphragmatic region, iliac bifurcation, and the origins of the major branches (CTR, SMA, RRA, LRA, IMA) were performed as well.

Results: The distances between the abdominal aorta and its branches were reported to vary in the age groups. All the distance measurements
increased significantly with increasing age (p<0.0001). The distances between the aorta at the diaphragmatic region and the origins of the major
branches were significantly higher in girls (p<0.05). The origin of the RRA was higher than the LRA in 51.8% of the study population.

Conclusion: This study is the first to provide data on the distances between the abdominal aorta and its branches in children. The present results
may contribute to enhance the efficacy and safety of the endovascular and surgical procedures in the abdominal region.
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0z
Amac: Cok dedektdrli bilgisayarli tomografi (CDBT) anjiyografi ile pediatrik hastalarda abdominal aort ana dallarinin orijinleri ile diyafragmatik aort
ve iliak bifurkasyon arasindaki normal mesafelerinin dlciilmesi amaclandi.

Gerec¢ ve Yontem: Yaslari 0-18 yas arasinda dedisen 245 cocuktan (ortalama yaststandart sapma, 8,48+5,14 yil) elde edilen CDBT anjiyografi
tetkikleri retrospektif olarak degerlendirildi. C6lyak trunkus (CT), superior mezenterik arter (SMA), sag renal arter (RRA), sol renal arter (LRA) ve
inferior mezenterik arter (IMA) orijinleri arasindaki mesafeler dlctildi. Diyafragmatik aort, iliak bifurkasyon ve ana dallarin orijinleri (CT, SMA, RRA,
LRA, IMA) arasindaki mesafe olctimleri de yapildi.

Bulgular: Abdominal aort ile dallari arasindaki mesafelerin yas gruplari arasinda degistigi tespit edildi. Yas ilerledik¢e tlim mesafe ol¢limlerinin
anlamli olarak arttigi g6zlemlendi (p<0,0001). Kizlarda diyafragmatik aort ile major dallarin orijinleri arasindaki mesafe anlamli olarak daha uzundu
(p<0,05). Calisma popllasyonunun %?51,8'inde RRA'nin orijini LRA'dan daha yiiksek yerlesim gostermekteydi.

Sonuc: Bu c¢alisma, cocuklarda abdominal aort ile dallari arasindaki mesafeler hakkinda veri saglayan ilk calismadir. Meveut sonuclarin, karin
bolgesindeki endovaskiiler ve cerrahi prosedirlerin etkinliginin ve giivenliginin artiriimasina katkida bulunacagini umuyoruz.
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INTRODUCTION

The widespread availability of low dose, contrast-enhanced
multidetector computed tomography (MDCT) has significantly
reduced the need for invasive conventional angiography
providing useful information on the vascular anatomy of the
human body".

Several cadaveric and radiological series in adults have
reported that the distances between the major branches of the
abdominal aorta are highly variable in relation to age, gender,
and ethnicity. Knowing the distances between the anatomical
landmarks is important especially for the vascular surgeons
and interventional radiologists to avoid complications during
the surgical and endovascular procedures in the abdominal
region?®. However, to the author's knowledge, no previous
study has examined the distances between the abdominal
aorta and its branches in children of various age groups.

The objective of the present study was to determine the
normal distances between the origins of the major branches
of the abdominal aorta, and their distances to the aorta at
the diaphragmatic region and iliac bifurcation on MDCT
angiography in pediatric patients.

MATERIALS AND METHODS

Patients

A descriptive cross-sectional and retrospective study design
was adopted. From March 2014 to February 2019, a total of
827 children who underwent abdominal CT examinations for
various reasons were retrospectively evaluated. The exclusion
criteria were listed as follows: Subjects over 18 years of age;
CT examinations performed without intravenous contrast
agents (n=300); vascular distortion caused by the presence of
abdominal tumor mass or lymphadenopathy (n=87); massive
ascites (n=31); active bleeding caused by polytrauma (n=7);
supernumerary renal arteries (n=127); severe vertebral scoliosis
or kyphosis (n=16); and CT images of insufficient quality for
analysis (n=14).

The MDCT angiography images of 245 children with normal
body weight for chronological age were finally enrolled in the
current study. The study flowchart is shown in Figure 1.

CT Protocol and Analysis of The CT Findings

The abdominopelvic contrast-enhanced CT examinations were
performed with a 32 multi-slice CT scanner (SOMATOM go.
Now, Siemens, Erlangen, Germany). The non-ionic iodinated
contrast agent (lobitridol, 300 mg I/mL) was injected
intravenously by using a power injector (dose: 1-2 ml/kg,
injection rate: 2 ml/s). To adhere to as low as reasonably
achievable (ALARA) principle, the CT scans were made at
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a tube voltage of 80-120 kV and tube current of 20-350
mAs depending on the patient's weight. The CT parameters
were as follows: Tube rotation time, 0.3-0.5 s; pitch, 1; and
reconstruction interval, first multiplanar data reconstruction
with a slice thickness less than or equal to 3 mm was performed
to identify the abdominal aorta and its branches.

A single board-certified radiologist (European Board of
Radiology) performed all the measurements for this study.
The maximum distance measurements between the abdominal
aorta and its branches were obtained in the arterial phase
from sagittal-oblique sagittal and coronal-oblique coronal
CT images. The curve of the abdominal aorta was taken into
consideration. To measure the distance between the origins of
the major branches, a line parallel to the abdominal aorta was
drawn between the inferior margin of the cranially situated
vessel and the inferior margin of the caudally positioned vessel
(Figure 2A). The distance between the aortic hiatus and the
origins of the major branches was measured between the
inferior margin of the vessel and the horizontal line, which
represents the diaphragmatic level (Figure 2B). The length
between the iliac bifurcation and the origins of the major
branches was measured between the inferior border of the
vessel and the horizontal line, which passes through the
bifurcation level (Figure 2C).

The distances between the origin of the celiac trunk (CTR)
and superior mesenteric artery (SMA); CTR and right renal
artery (RRA); CTR and left renal artery (LRA); and CTR and
inferior mesenteric artery (IMA) were measured. The distance
measurements between the SMA-RRA, SMA-LRA, SMA-IMA,
IMA-RRA, and IMA-LRA were performed as well. Moreover,
the distances between the aorta at the diaphragmatic region,
aortic bifurcation, and the origins of the major branches (CTR,
SMA, RRA, LRA, IMA) were reported.

Assessed for enrolment
(n=827)

Excluded (n=582)

non-contrast CT (n=300)

abdominal tumor mass (n=87)

massive ascites (n=31)

active bleeding (n=7)

supernumerary renal arteries

(n=127)

o vertebral scoliosis or kyphosis
(n=16)

o CT images of insufficient quality

(n=14)

Finally enrolled
(n=245)

Figure 1. Flowchart for study selection
CT: Computed tomography
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Ethical Statement

The study protocol was approved by University of Health
Sciences Turkey, Dr. Behcet Uz Pediatric Diseases and Surgery
Training and Research Hospital, Ethics Committee (protocol
number: 2019/285, date: 11.04.2019). The declaration of
Helsinki was preserved. The need for informed consent was
waived by the ethics committee.

Statistical Analysis

The normality of continuous data was assessed visually
using histograms and Q-Q plots for each measurement. The
variables had a normal distribution and were expressed as
mean+standard deviation (SD), and the categorical variables
were presented as frequencies and percentages. The chi-square
and one-way ANOVA tests were used to compare categorical
and continuous data, respectively. Significant correlations were
determined by the Pearson correlation test. Statistical Package
for the Social Sciences (SPSS) software (version 20.0, SPSS Inc.,
Chicago, IL, USA) was used for statistical analyses. The level of
significance was set at a p value of less than 0.05.

RESULTS

Demographic Data

The study population consisted of 134 (54.7%) boys and 111
(45.3%) girls aged between O and 18 years (mean age+SD,
8.48+5.14 years; 95% confidence interval 7.83-9.13 vyears).

The subjects were classified into six groups according to their
age (Table 1).

Distances Between the Origins of the Major Branches

The mean distances between the origins of the CTR-SMA,
CTR-RRA, CTR-LRA, and CTR-IMA were 12.8+4.2 (range; 4.7-
27.2), 22.1+6.6 (range; 6.4-45.1), 23.0+6.6 (range; 6.2-48.3),
and 67.0+17.8 (range; 16.6-116.1) mm, respectively. The mean
distances between the origins of the SMA-RRA, SMA-LRA, and
SMA-IMA were 9.3+5.4 (range; 0.9-32.1), 10.3+5.3 (range; 1.0-
29.6), and 54.2+15.2 (range; 11.9-99.8) mm, respectively. The
mean distances between the origins of the IMA-RRA and IMA-
LRA were 45.8+14.4 (range; 9.6-87.5) and 44.6+13.9 (range;
9.5-84.5) mm, respectively.

Table 1. Distribution of study population according to age

and gender

Male Female | Total

Groups (%) Age ) ) )
Group 1(7.3) 0-12 month | 12 6 18
Group 2 (13.9) 1-3 year 20 14 34
Group 3 (19.2) 4-6 year 31 16 47
Group 4 (24.5) 7-10 year 31 29 60
Group 5 (17.1) 11-14 year 21 21 42
Group 6 (18.0) 15-18 year 19 25 44
Total 0-18 year 134 1m 245
n: Number of patients

Figure 2. Computed tomography angiography of the abdominal aorta of a 4-year-old male patient. The oblique sagittal image
demonstrates the distance measurement between the celiac trunk (black arrow) and superior mesenteric artery (white arrow) (A).
The oblique coronal image shows the distance measurement between the left renal artery (black arrow) and the line that represents
the aorta at the diaphragmatic region (B). The oblique coronal image demonstrates the distance measurement between the left
renal artery (black arrow) and the line that represents the aortic bifurcation level (C)

89



Edis COLAK. Distances Between the Abdominal Aortic Branches

Nam Kem Med J 2022;10(1):87-94

The origin of the RRA was higher than LRA in 127 (51.8%)
patients. The origins of the renal arteries were at the same
level in only 50 (20.4%) cases. The origins of the renal arteries
according to age groups were as follows: Group 1 [RRA higher
than LRA (n=8); LRA higher than RRA (n=4); RA at same level
(n=6)]; group 2 [RRA higher than LRA (n=14); LRA higher than
RRA (n=8); RA at same level (n=12)]; group 3 [RRA higher than
LRA (n=25); LRA higher than RRA (n=14); RA at same level
(n=8)]; group 4 [RRA higher than LRA (n=31); LRA higher than
RRA (n=16); RA at same level (n=13)]; group 5 [RRA higher
than LRA (n=25); LRA higher than RRA (n=10); RA at same
level (n=7)]; and group 6 [RRA higher than LRA (n=24); LRA
higher than RRA (n=16); RA at same level (n=4]].

The distances between the origins of the major branches
increased significantly with increasing age (p<0.0001 for all).
Gender was not associated with any of these measurements
(p>0.05 for all). Data for the distances between the origins

of the major branches according to age and gender are
summarized in Table 2.

Distances Between the Aorta at the Diaphragmatic Region
and the Origins of the Major Branches

The mean distances between the aortic hiatus and the origins
of the CTR, SMA, RRA, LRA, and IMA were 38.8+13.7 (range;
6.4-101.0), 51.5+15.8 (range; 11.1-116.5), 58.4+17.0 (range;
16.6-115.5), 60.2+17.3 (range; 16.3-117.7), and 104.0+27.7
(range; 26.2-180.9) mm, respectively. The distances between
the aorta at the diaphragmatic region and the origins of the
major branches showed a significant positive correlation with
age (p<0.0001 for all). These measurements were higher in girls
than boys and this gender difference reached the statistically
significant level (p<0.05 for all).

The distances between the aortic hiatus and the origins of the
major branches according to age and gender are reported in

Table 2. The mean distances between the origins of the CTR, SMA, RRA, LRA, and IMA according to age groups and gender

Distances (mm) Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 p values
F 8.7+1.6 10.0£1.5 11.9+£2.6 13.1+£3.8 16.7+4.7 14.5+3.7

CTR-SMA M | 6.4+1.1 9.542.2 10.9+1.5 12.442.9 14.943.6 18.4+2.2 p<0.001
T 7.2+£1.7 9.7+1.9 11.3+£1.9 12.7+3.4 15.8+4.2 16.243.6
F 12.7+2.6 17.943.1 22.9+8.0 24.3+5.0 25.345.8 24.3+£3.9

CTR-RRA M 12.1+£3.3 15.6+3.8 20.3+4.7 22.6+4.3 25.2+7.0 29.5+5.8 p<0.001
T 12.3+£3.0 16.6+3.7 21.246.1 23.4+4.7 25.246.3 26.5+5.4
F 13.8+£3.3 18.4+3.2 23.4+7.0 25.1+4.6 27.143.6 25.443.6

CTR-LRA M 13.1+£5.1 16.2+3.6 20.7+4.9 23.9+5.3 27.8+6.7 28.9+6.5 p<0.001
T 13.3+4.5 17.1+£3.6 21.6+5.8 24.5+5.0 27.4+5.3 26.9+5.3
F 40.3+6.7 50.8+5.0 64.1+12.1 70.24+9.9 80.6+15.6 76.9+12.1

CTR-IMA M | 34.7+9.2 49.1+6.4 59.6+9.5 69.149.1 81.9+14.8 88.1£13.9 p<0.001
T 36.6+8.7 49.8+5.8 61.1+£10.6 69.7+9.5 81.2+15.0 81.8+£13.9
F 3.9+1.4 7.944.2 10.947.9 11.2+5.5 8.6+6.9 9.845.5

SMA-RRA M | 57+2.6 6.1+3.8 9.4+4.8 10.1+4.0 10.3+5.6 11.0+4.9 p<0.001
T 5.2+2.4 6.9+4.0 9.9+5.9 10.7+4.8 9.4+6.3 10.3+5.2
F 5.1+2.7 8.4+4.0 11.5+6.9 12.0+4.8 10.4+6.0 10.9+4.7

SMA-LRA M | 6.7+43 6.7+3.5 9.7+4.9 11.4+4.6 12.8+5.2 10.4+6.6 p<0.001
T 6.2+3.8 7.4+3.8 10.3+5.7 11.7+4.7 11.6£5.7 10.7+£5.5
F 31.5+6.2 40.8+5.4 52.1+12.2 57.2+8.8 63.9+14.3 62.5£12.0

SMA-IMA M | 28.3+85 39.6+6.6 48.749.9 56.7+8.5 66.9+12.8 69.7+£13.1 p<0.001
T 29.4+7.8 40.1+6.1 49.9+10.7 56.9+8.6 65.4+13.5 65.6+12.9
F 28.045.7 S ekl 39.9+4.8 46.9+8.0 57.9+£15.9 54.9+9.2

IMA-RRA M | 22.3+6.6 32.9+5.6 37.648.7 48.1+7.7 60.6+12.4 SONERIIED p<0.001
T 24.2+6.7 33.1+4.9 38.4+7.6 47.6+7.8 59.3+14.1 56.9+10.4
F 25.845.0 33.2+3.2 39.7+6.7 46.2+8.3 55.8+16.5 52.3+10.7

IMA-LRA M | 21.945.2 33.2+6.7 37.2+7.5 47.0+7.6 58.9+12.0 56.2+11.7 p<0.001
T 23.2+5.3 33.2+5.5 38.0+7.3 46.6+£7.9 57.3+144 54.0+11.2

Data are presented as mean+standard deviation. P values were obtained using One-Way ANOVA test; p value <0.001 was considered highly significant.

F: Female, M: Male, T: Total, CTR: Celiac trunk, SMA: Superior mesenteric artery, RRA: Right renal artery, LRA: Left renal artery, IMA: Inferior mesenteric artery
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Table 3. The age-dependent distributions of these distances are
presented in Figure 3.

Distances Between the lliac Bifurcation and the Origins of
the Major Branches

The mean distances between the iliac bifurcation and the
origins of the CTR, SMA, RRA, LRA, and IMA were 89.7+24.5
(range; 31.6-142.1), 77.0+21.6 (range; 25.4-122.5), 70.2+21.0
(range; 21.4-118.2), 68.5+19.8 (range; 21.7-111.4), and 24.7+9.7
(range; 4.7-51.5) mm, respectively. The mean distance between
the aorta at diaphragmatic region and iliac bifurcation was
128.7+33.3 (range; 38.0-207.5) mm.

Children's age was significantly associated with the distances
between the aortic bifurcation and the origins of the main
branches (p<0.0001 for all). Gender did not have a significant
impact on these distance values (p>0.05 for all). The mean
distances between the aortic bifurcation and the origins of the
major branches according to age and gender are presented in
Table 4. The age-dependent distributions of these distances are
demonstrated in Figure 4.

DISCUSSION

The present study is the first to calculate the distances
between the origins of the major branches of the abdominal
aorta and their distances to the aorta at the diaphragmatic
region and iliac bifurcation in children aged 0 to 18 years.
Here, we emphasize that knowing the distances between
the major branches of the abdominal aorta may contribute
to enhancing the safety and quality of the endovascular

procedures in the abdominal region. The contrast-enhanced
MDCT allows comprehensive and fastimaging of the abdominal
aorta and its branches, thus minimizing the need for sedation
in children®. Moreover, low dose CT provides images with a
radiation dose that is much lower than conventional CT*
The three-dimensional multiplanar reformations present
unique viewing and measuring advantages as well>. As a
result, MDCT has become a valuable tool in the evaluation of
vascular anatomy and pathologies in children®c. The distance
measurements between the abdominal aorta and its branches
have been reported in various radiological and cadaveric
studies focusing only on adults or both adults and children.
Thus, a comparison of the present results with those from
previous studies was undertaken with caution due to the
differences in the age of patients, methodological approach,
and geographical location.

A cadaveric study, carried out by Ozan et al’, reported the
mean distance between CTR and SMA, RRA, and LRA as 18.0,
30.0, and 33.2 mm, respectively. According to Lawton et al.?,
the average CTR-SMA, CTR-RRA, and CTR-LRA distances on
MDCT were 16.7+5.0, 30.7+7.9, and 30.5+7.7 mm, respectively.
Arslan and Karacan® reported the mean distances for CTR- SMA,
CTR-RRA, CTR-LRA, and CTR-IMA as 15.08+4.36, 30.35+9.17,
33.49+7.80, and 89.00+1.42 mm, respectively. Most of the
studies measured the mean CTR-SMA distance between
14 and 18 mm'™'% The origins of the RRA and LRA were
located between 28.5-32 mm, and 27-36 mm below the CTR,
respectively'®'2. A recent MDCT angiography study by Ekingen
et al.” reported the mean CTR-SMA and CTR-IMA distances as

Table 3. The mean distances between the aorta at the diaphragmatic region and the origins of the CTR, SMA, RRA, LRA, and IMA

according to age groups and gender

Distances (mm) Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 p values
) ] F 25.6+7.1 28.1+8.5 32.7+8.8 40.5+£10.7 53.9+11.2 46.1+16.8
i‘;ﬁ?ﬂ?&f&aphragmatm M | 20.7+7.4 30.3£7.3 35.549.0 40.7+£9.0 41.5+£12.5 46.6+16.4 p<0.001
T 22.3+7.5 29.4+7.8 34.5+8.9 40.6+9.8 47.7+13.3 46.3+16.4
F 34.3+8.5 38.1+8.5 44.7+8.7 53.5+12.7 70.6+13.2 60.6+16.5
‘:;ri?ni‘;'\‘jlizphragmatic M | 27.1+8.1 39.847.1 46.419.0 52.7+£9.0 56.4+12.9 65.0+15.8 p<0.001
T 29.5+8.8 39.1+£7.6 45.8+8.8 53.1+£10.8 63.5+14.7 62.5+16.1
. ) F 34.9+9.6 45.5+£10.7 56.2+8.8 60.4+£13.7 77.1£11.9 65.7£13.4
rAe(;]'}?n?tRF({j:phragmatlc M | 31.5+12.6 47.4+11.4 54.349.7 57.7+£10.9 66.5+15.2 71.9£19.5 p<0.001
T 32.6+11.5 46.7+£11.0 54.949.3 59.0+12.3 71.8+£14.5 68.3+17.8
. ) F 38.6+8.3 45.8+9.8 56.7+7.6 62.8+13.1 79.5+£12.0 67.4+15.5
ﬁ‘;ﬁ?ﬂft&aphragmat'c M |328+13.4 |465+10.6 |55.1410.1 | 59.5:10.4 | 67.9+14.4 | 7804184 p<0.001
T 34.8+12.0 46.2+10.1 55.6+9.3 61.1£11.8 73.7+£14.3 72.0+£17.4
) ) F 66.3+9.8 78.5+8.9 92.949.5 108.8+18.1 133.5+22.8 122.7+£20.9
ﬁ‘;rit:n"_"lt“ﬁ:phragmat'c M |545:180 |739+120 |91.1+146 | 107.3:125 | 122.6+12.8 | 137.1+17.9 p<0.001
T 58.5+16.5 75.8+£10.9 91.7+£13.0 108.0+15.3 | 128.0+19.0 128.9+20.7
Data are presented as mean+standard deviation. P values were obtained using one-way ANOVA test; p value <0.001 was considered highly significant.
F: Female, M: Male, T: Total, CTR: Celiac trunk, SMA: Superior mesenteric artery, RRA: Right renal artery, LRA: left renal artery, IMA: Inferior mesenteric artery
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Figure 3. The graph shows the age-dependent distribution
of the distances between the aorta at the diaphragmatic
region (DA) and the origins of the celiac trunk (CTR), superior
mesenteric artery (SMA), right renal artery (RRA), left renal
artery (LRA), and inferior mesenteric artery (IMA

200.004

150.004 57
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Figure 4. The graph demonstrates the age-dependent
distribution of the distances between the aortic bifurcation
(AB), aorta at the diaphragmatic region (DA), and the origins
of the celiac trunk (CTR), superior mesenteric artery (SMA),
right renal artery (RRA), left renal artery (LRA), and inferior
mesenteric artery (IMA)

Table 4. The mean distances between the iliac bifurcation and the origins of the CTR, SMA, RRA, LRA, and IMA according to age

groups and gender

Distances (mm) Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 p values
F 48.9+4.5 66.5+5.6 82.0+£10.5 91.6+9.5 112.0£14.5 107.9+£13.9

lliac bifurcation-CTR M 45.2+13.2 61.5+8.6 80.2+10.9 89.5+13.5 108.1£14.9 128.1+£9.9 p<0.001
T 46.4+11.0 63.6+7.8 80.8+10.7 90.5+11.7 110.1£14.7 116.6+15.9
F 40.1+3.8 56.6+6.0 70.1£10.4 78.5+7.7 95.3+13.5 93.4+13.0

lliac bifurcation-SMA M 38.8+12.3 52.0+8.9 69.3+11.4 77.5+£11.5 93.2+13.4 109.648.5 p<0.001
T 39.3+£10.2 53.9+8.0 69.5+10.9 78.04+9.8 94.2+13.3 100.4+13.8
F 39.7+3.4 49.1+4.9 58.6+6.2 71.74£9.2 88.9+13.1 88.3+11.6

lliac bifurcation-RRA M 34.4+8.3 44.31+8.6 61.4+10.0 73.8+8.1 83.1£13.6 102.8+10.6 p<0.001
T 36.1+7.4 46.3+7.6 60.4+8.9 72.8+8.6 86.0+13.5 94.6+13.2
F 35.9+3.6 48.9+5.7 58.0+7.0 69.2+7.8 86.5+11.6 86.6+11.1

lliac bifurcation-LRA M 33.0+7.1 45.3+8.7 60.6+9.5 72.1+8.8 81.7+12.6 96.6+8.8 p<0.001
T 34.0+6.2 46.8+7.7 59.7+8.7 70.7+8.4 84.1£12.2 90.9+11.2
F 66.3+9.8 78.5+8.9 92.9+9.5 108.8+18.1 133.5+£22.8 122.7+20.9

lliac bifurcation-IMA M 54.5+18.0 73.9+12.0 91.1+14.6 107.3+12.5 122.6+12.8 137.1+17.9 p<0.001
T 58.5+16.5 75.8£10.9 91.7+13.0 108.0+£15.3 128.0+£19.1 128.9+20.7

. ) . F 74.5+9.8 94.7+£10.4 114.7+7.7 132.1+16.1 165.9+19.8 154.0+21.6

:}::;hbr':;;f:;‘:g';;gf’;a A 'M 6594193 | 9184107 | 11574158 | 131.64143 | 149.64159 | 1747+15.4 p<0.001
T 68.7+£16.9 93.0+£10.5 115.3£13.5 131.8+£15.1 157.8+£19.6 162.9+21.6

Data are presented as mean+standard deviation. P values were obtained using One-Way ANOVA test; p value <0.001 was considered highly significant.

F: Female, M: Male, T: Total, CTR: Celiac trunk, SMA: Superior mesenteric artery, RRA: Right renal artery, LRA: Left renal artery, IMA: Inferior mesenteric artery
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13.5+0.37 and 89.40+0.99 mm for males and 12.20+0.33 and
84.80+0.92 mm for females, respectively.

These studies were performed on adults and cannot be
considered relevant for pediatric patients. The current study is
the initial and unique imaging study to evaluate the vascular
distances in children according to their age and gender. The
mean distances between the origins of the CTR-SMA, CTR-
RRA, CTR-LRA, and CTR-IMA were between 20% and 30%
lower than those reported in adults’®'. Moreover, these
distances increased significantly with age possibly related to
aortic elongation with the age and body height of the children.
Although not statistically significant, these distances were
slightly longer among females probably due to the fact that
girls in the pubertal and prepubertal periods tend to be taller
than the boys. These findings were consistent with previously
published results®™.

Sosnik and Sosnik™ measured the SMA-RRA and SMA-LRA
distances in 324 cadavers aged between 0 and 90 years. The
average distance between SMA and renal arteries in children
aged 0 to 20 years was 3.3+2.5 mm for the RRA and 4.1+3.7 mm
for the LRA. The values reported by Sosnik and Sosnik's were
nearly 60% lower than ours. The reasons for this discrepancy
might be explained by the differences in the diagnostic tools,
age of the study population, and geographical factors. Previous
studies conducted on adult patients found that the origins of
the RRA, LRA, and IMA were located between 2-84 mm, 3-50
mm, and 24-100 mm below the SMA, respectively’®'*'s, and
were nearly 50% higher than the ranges reported in our study.

We found no data in the literature on the distances between
IMA and renal arteries in the pediatric population. The
mean distance between IMA and renal arteries in adults was
58.55+11.98 mm for the RRA and 55.10+11.38 mm for the
LRA?. Our distance measurements were more than 20% lower
than those reported in adults®'. In the current study, the
origin of the RRA was higher than LRA, which is in agreement
with previous reports on adults®'®.

Anamaria et al."* postulated that the origins of the CTR, SMA,
RRA, LRA, and IMA in adults were located between 5.1-42.0
mm, 31.6-64.1 mm, 28.4-76.7 mm, 30.4-76.8 mm, and 107.4-
153 mm below the level of the diaphragmatic aortic hiatus,
respectively™. In the present study, the distances between
the aorta at the diaphragmatic region and the origins of the
major branches in children were between 40% and 65% lower
than those reported by Anamaria et al." Moreover, these
distances were significantly longer among females, which is in
disagreement with the previous study'. This evidence could be
important in order to plan different diagnostic and treatment
procedures in boys and girls; however, the clinical impact of
this finding is still to be determined.

Yahel and Arensburg' measured the distances between aortic
bifurcation and the origins of the unpaired splanchnic arteries
in thirty-four adults and eight cadavers aged between 4 and
11 years. The average distances from the CTR, SMA, and IMA to
the aortic bifurcation were 125.0+416.8 mm, 109.8+15.5 mm,
and 41.8+6.9 mm, respectively’. Our distance measurements
were approximately 35% lower than those reported by Yahel
and Arensburg. This discrepancy may have resulted from the
selection bias, a small number of cadavers, and the differences
in the diagnostic approach. These distances were not associated
with gender, which is consistent with the findings reported by
Yahel and Arensburg'™.

A previous MDCT study on adults showed that the origins of
the RRA and LRA were located between 59.3-113 mm and
59.2-109 mm above the aortic bifurcation, respectively'. The
distance from the aorta at the diaphragmatic region to the
aortic bifurcation was between 135.3 and 183.0 mm'. These
results were approximately 60% higher than those reported in
the current pediatric study.

The normative data for the distances between the origins of
the major branches of the abdominal aorta, and their distances
to the aorta at the diaphragmatic region and iliac bifurcation
in pediatric patients may show wide variations due to the
differences in the geographical, racial, ethnic, and genetic
factors. Thus, we recommend that reference data for the
vascular distances should be determined on a national level.

Study Limitations

Our study had several limitations that should be acknowledged.
The presented findings were compared with the results of
similar studies on adults due to the lack of currently available
standardized measures for children. There was also no “gold
standard” measurement tool for confirming the CT results. We
did not evaluate the diameters and the topographic location
of the main branches of the abdominal aorta in relation to the
vertebral bodies, which should be addressed in future studies.
This was a single-center study including a limited number of
patients in each age group, so that future multicenter studies
of a larger pediatric population are recommended to verify our
findings.

CONCLUSION

In conclusion, to the best of our knowledge, this is the first
study to report the distances between the abdominal aorta
and its branches in children up to 18 years of age. Our results
might be used as a reference tool for determining the position
of the major branches of the abdominal aorta which in turn
may help to reduce the endovascular and surgical procedure-
related complications in pediatric patients.
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