Malawi Medical Journal 36 (1);

Assessment of descending aortic blood flow velocities 117

ORIGINAL RESEARCH ViV

Assessment of descending aortic blood flow velocities

with continuous wave Doppler echocardiography

among healthy Children in South East Nigeria

Josephat M Chinawa', Awoere T Chinawa’, Bartholomew F Chukwu?, Jude T Onyia®

1. Department of Paediatrics, College of Medicine, University of Nigeria Ituku/Ozalla and University of Nigeria Teaching Hospital Ituku/Ozalla,
Enugu, Enugu State, Nigeria
2. Department of Community Medicine, ESUCOM, Parklane Enugu, Enugu State, Nigeria

*Corresponding Author: Josephat Chinawa; E-mail: josephat.chinawa@unn.edu.ng

( Abstract A
Background

The descending aorta velocity is important predictor of aortic disease in children and can be very helpful in some clinical and surgical
decision making,

Aim

The purpose of this study is to assess the normative values of descending aorta velocity among children from South-East Nigeria. It
also aimed to assess the correlation between age, body surface area and mean velocity across the descending aorta.

Methods

One hundred and sixty-eight healthy children were studied by a single observer using digitized two-dimensional (2DE) and Doppler
echocardiography. This is a cross-sectional study where the descending aorta velocity of one hundred and eleven children were
enrolled consecutively using digitized two-dimensional and Doppler echocardiography.

Results

A total of 111 children had echocardiography to study their cardiac structures and compute their mean scores of their descending
aorta velocity. The mean velocity across the descending aorta was 1.310.2m/s with maximum and minimum velocities of 2.06 and
0.84cm respectively. The mean descending aorta velocity in males (1.37£0.24 m/s) was significantly higher than that in females
(1.24£0.18); (Student T test 3.09, p = 0.03). There was no correlation between age and mean velocity across the descending aorta
(Pearson correlation coefficient; -0.03, p = 0.7) nor between body surface area and descending aorta velocity (correlation coefficient
0.01, p= 0.8).

Conclusions

The presented normalized values of the descending aorta velocity using a digitized two-dimensional and Doppler echocardiography
among healthy children will serve as a reference values for further studies and can be applied for clinical and surgical use in children
with various cardiac anomalies.
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Introduction

The descending aorta plays a vital role in the anatomy of
the cardiovascular system. The left ventricular ejection
vields a continuous flow due to the elastic buffering
of the descending aorta which transmits the pulsatile
effect'. Aortic enlargement and impaired aortic bioelastic
function is a sequel of cardiac and non-cardiac diseases in
children®*. This sequel is of clinical importance as it can
lead to cardiovascular complications such as left ventricular
hypertrophy, aneurysmal anomalies of great vessels and
myocatdial infarction®”.

It is noteworthy that aortic pulse wave velocity (PWV) and
aortic distensibility which correlates with the descending
bioelastic function of the aorta serve as pathogenic markers
in the disease of the cardiovascular disease®. The rate of blood
flow at the descending aorta is crucial as it helps to understand
the mechanism and the evolution of cardiovascular diseases

caused by a disturbance of the aortic flow hemodynamics
in children®. The use of echocardiography has shown
immense benefit in the analysis of hemodynamic aortic flow
dysfunction in cardiovascular disease’. Echocardiography
remains the goal standard in estimating the descending
aorta velocity, it is reproducible, economical and reliable.
Evaluation of the aortic function using the 4D flow MRI
are expensive and unaffordable in a developing economy like
ours'’. Vam et al'' in their study on aortic hemodynamics,
noted significant correlations between age and peak
systolic velocity. A study had shown that despite having
a similar diameter of the ascending aortic dimensions, the
descending aorta velocity still remains different for gender'.
It is important to note that age and gender influences the
compliance and elasticity of the descending aorta, this
they do by influencing the biomechanical tissue properties
(compliance and elasticity) in healthy subjects by affecting
the pulse wave velocity along the aorta'’. Besides, females

© 2024 Kamuzu University of Health Sciences. This work is licensed under the Creative Commons Attribution 4.0 International License.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

https://dx.doi.org/10.4314/mmj.v36i.



Malawi Medical Journal 36 (1);

Assessment of descending aortic blood flow velocities 118

have a smaller aortic dimensions than males with increased
risk of aortic events in aging'?.

The impact of age and gender on aortic hemodynamics
indicates the importance of age and gender-matched control
for the assessment of cardiovascular disease on aortic blood
flow. There is an inverse relationship of descending aorta
velocity with the fetal heart. Ursem et al”® had noted in their
study that from the gestational age of 10 to 20 weeks, there
is a notable increase of descending aorta peak systolic and
time-averaged velocities with a decrease in the fetal heart
rate. Estimation of the descending aorta velocity will assist
the clinician to know when the normal values ate exceeded.
This will help in clinical and surgical decision making. For
instance, Wyse et al'* noted a significantly higher peak
descending aortic blood flow velocities among 30 children
with aortic coarctation compared to control with a positive
correlation with the systolic blood pressure gradient'.

The descending aorta blood flow also has clinical implications
in thatitis a direct measure of the cardiac index". Seear® etal
noted that the mean aortic blood flow in the descending aorta
was directly proportional to cardiac index. They postulated
that the mean aortic flow velocity has an important marker
and an indicator of cardiac output. This can be used as
prognostication in children with heart failure. Knowledge of
the normative values of descending aorta velocity is crucial
especially in the management of children with congenital
and acquired cardiovascular disorders. Normal data for
aortic velocity in children have been reported but much is
not documented on the normalization of the descending
aorta velocity to body surface area in our setting'.

The dilatation or coarctation of the descending aorta and
impaired bioelasticity are important markers of cardiac and
extra cardiac diseases as they may lead to cardiovascular
complications. Besides, the reference ranges from eatly
childhood to adolescence are rare in our locale. The aim
of this study is to document normative values of the
descending aorta velocity with Doppler echocardiography
among apparently healthy children form South-east Nigeria.
This work will form a data base in our locale where such
work is grossly lacking.

What previous studies on this topic have shown

Normal data for aortic velocity in children have been reported
and widely used in the western world. For instance, Poutanen
et al'® documented normal values for aortic dimensions and
aortic flow velocities in healthy children . Their findings
served as a reference data and template for future studies
and clinical decision making in children with various cardiac
abnormalities.

Why this study is still needed

The descending aorta blood flow also has clinical implications
in that it is a direct measure of the cardiac index. Descending
aorta velocimetry can also be used for prognostication in
children with heart failure. Knowledge of the normative
values of descending aorta velocity is crucial in this locale
especially in the management of children with congenital
and acquired cardiovascular disorder. Normal data for
aortic velocity in children have been reported but much is
not documented on the normalization of the descending
aorta velocity to body surface area in our setting. Besides,
the reference ranges from early childhood to adolescence are
rare in our locale. This work will also form a data base in our
locale where such work is grossly lacking.

Methods
Study Design

This was a prospective cross -sectional observational study.

Study Population

These were children from the age of one year to eighteen
years. Children who were apparently well, who had no
obstructive lesion or any congenital, or acquired cardiac
defects or anaemic heart disease were selected consecutively
into the study. This study was conducted in four private
hospitals in Enugu metropolis involving a total of 111
apparently healthy children. These health facility provide
services in the treatment of children with cardiac illnesses.
The hospital of study also reviews children who came for
checks who have recovered fully after treatment for common
childhood illnesses . Children referred to the paediatric
clinics for suspected cardiac disease but who had normal
echocardiographic reports were recruited into the study.

Study Area

This study was carried out in 4 institutions across the Enugu
metropolis, namely the University of Nigeria Teaching
Hospital (UNTH) Ituku-Ozalla Enugu, State University
Teaching Hospital, Triple care specialist hospital and
Blessed children specialist hospital. These hospitals provide
specialized services in the management of children and
also review review children who present for routine follow-
up, and who are apparently well after treatment for minor
illnesses.

Study Duration

The study was undertaken for over a 4-year period, from
May 2020 to April 2023. Besides there were quality controls
taken at intervals to reduce bias.

Echocardiographic determination of the Descending
Aorta Velocity.

The descending aorta velocity was assessed by means of
echocardiography. The Echo Hewlett-Packard (HP) SONO
2000 Ultrasound model was used with a very high frequency.
Descending aorta velocimetry was defined as the descending
aorta blood flow rate per unit second'”. This was measured
in a supra-sternal long-axis view. Descending aortic flow
velocity is usually measured with continuous or pulsed
wave Doppler ultrasound as far as there is no obstruction
or regurgitation. The use of the continuous wave Doppler
method is advantageous over the pulse wave method in that
it measures limitless values of descending aorta velocity.
Continuous wave Doppler velocities can also measure
other systolic high velocity jets in children and neonates
especially among those seen in mitral blood flow velocities
in the aorta'®. The pulse wave velocity is limited when there
is an obstruction to blood flow velocities'®. Besides, aortic
regurgitation is well calculated by the continuous wave
Doppler ultrasound recording across the aortic valve®.
Descending aortic flow velocities are best measured and
calculated using the suprasternal notch in the suprasternal
long axis-view'. The descending aortic flow velocity was
obtained by means of the cosine of the angle between the
ultrasound beam and the velocity derived from the frequency
shift by the Doppler equation'. To avoid underestimation
of velocity, angles of the cursor were placed between twenty
degrees and zero degree.
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Table 1: Socio-demographic characteristics of respondents

Variable Frequency | Percentage
(n=111) (%)
Gender
52.3
Male 58
Female 53 47.7
Mean Student t-test p-value
Age of
respondents
in years
Male 8.1+4.9 -0.19 0.9
Female 8.2+5.0

Table 2: Correlation between mean velocity across the
descending aorta and age and Body surface area

Correlation Sample Pearson P-value
between mean | size (n) p value
velocity across correlation
the descending (r)
| aorta and
Age n=111 -0.03 p=0.7
Body surface area n=111 0.01 0.8
|_Mean Velocity Student t-test | p-value
Male 1.37+£0.24 m/ | 3.09 p=0.03
Female 1.24+0.18

Several cursor positions were taken to help reduce bias so
as to establish the signal with the highest frequencies™. This
method also reduces to the barest minimum the difference
between the use of pulsed and continuous wave Doppler
methods®. The descending aorta velocity was ascertained
with a very high frequency wave with high intensity to get
a pure and well delineated jet. The recording was done
from the jet, at a small angle, so as to achieve a maximal
velocity”. Every obstructive lesion in any course of the
cardiac chambers or valvar obstructions along the cardiac
chambers towards the ascending and descending aorta were
all excluded. All values of the descending aorta velocity were
documented in meters per second”.

Measurement of body surface area

Body surface Area

This was measured using the Mosteller formula
(Height [cm] X Weight [kg]/3600)"2

Sample Size Estimation

To achieve 5% precision at a 95% confidence interval for
a population >5,000 a minimum sample size of 100 was
determined from Glenn’s Table of sample sizes. 21 Attrition
rate of 11% was considered and this brought the sample size
to 111.

Ethical Approval and Consent to participate

The approval was obtained by the Health Research Ethics
Committee of the University of Nigeria Teaching Hospital,
Enugu with registration number NHREC/05/01/2008B-

FWA00002458-1R00002323. We obtained oral informed
consent for echocardiography from parents or caregivers of
the subjects,however those who are above 7 years had assent
obtained form them. The oral informed consent was also
contained in the approval letter of the ethical approval by the
the Health Research Ethics Committee of the University of
Nigeria Teaching Hospital, Enugu.

Data analysis

Data were analyzed with SPSS version 20 software (IBM
Armonk, NY). Categorical variables such as gender were
summarized and presented as tables while discrete variables
such as age were summarized as means and standard
deviation. Comparison between means of descending aorta
velocity and gender were analysed using the independent
Student T-test. The relationship between descending aorta
velocity with age and gender was analysed with the Pearson
correlation coefficient. The P-value was set at p< 0.05.

Results

A total of 111 children had echocardiography to study their
cardiac structures and compute their mean scores of their
descending aorta velocity. The participants comprised of 58
(52.3%) males and 53 (47.7%) females. Male to female ratio
is 1.1:1. Table 1

The mean age of participants was 8.115.0 years. The mean
age of the males (8.1£4.9) was comparable with that of the
females (8.215.0) years; (T test= -0.19, p= 0.9). The mean
weight in kilograms was 29.8+18.2 with minimum and
maximum weights of 2.0 and 83.0 kg. The mean velocity
across the descending aorta was 1.3+0.2m/s with maximum
and minimum velocities of 2.06 and 0.84cm respectively.

The mean descending aorta velocity in males (1.37+0.24 m/s)
was significantly higher than that in females (1.24%0.18c);
(Student T test 3.09, p = 0.03). There was no correlation
between age and mean velocity across the descending aorta
(Pearson correlation coefficient; -0.03, p = 0.7) nor between
body surface area and descending aorta velocity (correlation
coefficient 0.01, p= 0.8).

Discussion

The knowledge of descending aorta velocimetry and its
hemodynamics is important in the evaluation of children
with abnormalities of the aortic root and its branches such as
aortic root dilatation, coarctation of the aorta and interrupted
aortic arch”. The continuous wave Doppler technique was
used in this study because of its several advantages. Firstly,
the velocities were elicited all along the ultrasonic beam and
high velocities were captured in the study. Changes in blood
flow volume can also be assessed with continuous wave as
changes in volume flow cause an increase in the velocity
since velocity decreases with a decrease in flow™.

The objective of these study were to document normative
values of descending aorta velocity in apparently healthy
Nigerian children, the study was also aimed at delineating
gender and age correlates of descending aorta velocity
among healthy Nigerian children. The mean value obtained
for the descending aorta velocity as seen in this study
was 1.310.2m/s. This was similar to that documented by
Gabrielsen et al” who got the highest values of values of
(1.28 +/- 0.18 m/s), and lowest values for the descending
aorta (1.17 +/- 0.22 m/s)*. The value of descending aorta
velocity in this study was also corroborated by Soon et al** who
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documented values of 1.29 £0.13 m/sec in their reportage.
Garcia et al® also noted a similar value in descending aorta
blood flow as 1.32 + 0.1m/s. Though the authors’ sample
frame were drawn from subjects aged 9 years to 78 years, the
descending aorta blood flow was stratified according to age
range with values of 1.32 £ 0.1m/s seen in children aged 9
to 15 years.

The study showed no significant correlation between
descending aorta velocity with the body surface area. No
study was documented in literature where descending aorta
velocity was indexed to body surface area. Some work had
rather indexed aortic annulus, sinus, and sinotubular junction
to body surface area. For instance, Poutanen 16 and his
cohorts using a doppler echocardiographic measurements
had noted a positive correlation of aortic annulus, sinus, and
sinotubular junction and body surface area. They reported
that best predictor of aortic annulus, sinus, and sinotubular
junction was BSA with r values over 0.84. The comprehensive
measurements of the descending aorta velocity and other
cardiac structures and function remain crucial in managing
children with congenital and acquired cardiac anomalies®".
There may be need for further research into this finding
where a very large cohort of subjects will be recruited and
followed over time.

Decisions on the type of cardiac lesion located at the
descending aorta and its branches and the accurate timing
of interventions often rely to a large extent on these
measurements®’. For instance, aortic anomalies including
native coarctation, catheter-guided interventions, dilatation
of the aortic root associated with aortic valve disease
and connective tissue diseases such as Marfan syndrome,
anomalies arising from congenital heart disease, such as the
arterial switch operation or the Ross procedure may dictate
the choice of descending aorta repair®

This study showed that the mean descending aorta velocity in
males was significantly higher than that of females. However,
Kocher at al ** using 623 healthy children noted no significant
gender differences in their study. Similatly, Garcia et al®
documented similar gender values of the descending aorta
velocity. Weng et al* also noted that the higher descending
aorta blood flow seen in females in their reportage may be
explained possibly by the less elastic stiffness of the smooth
muscles seen in the blood vessels of females™. It was also
noted that stiffness of the arterial walls increases after-load
of the left ventricle, females have lower arterial stiffness than
males, thus higher descending aorta blood velocity®. There
is an interplay of sex hormones surge with reduced stiffness
and increase blood flow and function®. Females have this
surge, especially during puberty’.

There was no correlation between descending aorta velocity
and age in this study. Poutanen et al'® also noted that the
descending aorta velocity were inversely proportional to
age. Garcie et al® stratified the descending aorta velocity
into different age groups among 98 adults and noted that
age was significantly associated with aortic diameter velocity
and they vary significantly between age groups. They noted
the diameter of descending aorta velocity changes with age
due to an increase in the aortic valve size with age™. The
age range of the participants in the two studies may have
contributed to the difference.

Besides, it is important to note that age and gender differences
can affect altered aortic blood flow that may be associated
with disease. Some studies have evaluated the effect of aging

and gender on the morphology of the descending aorta®>.

For instance, it is known that age influences the compliance
and elasticity of the descending aorta®. This they do by
affecting the pulse wave velocity along the aorta and the left
ventricular flow36-41.

The analysis of velocity magnitude across the descending
aorta has provided baseline metrics for characterizing flow
behavior in healthy children across gender and age in this
locale. This may facilitate its application in surgical and
clinical decision making in Nigerian children.

Limitation

This study was limited by the moderate sample size. A very
large sample size would have made the study stronger.
Conclusions

The presented values of the descending aorta velocity using
a digitized two-dimensional and Doppler echocardiography
among healthy children will serve as reference values for
further studies and can be applied for clinical and surgical
use in children with various cardiac anomalies.

Consent for publication:
Not applicable.

Availability of data and materials

Data are however available from the authors upon reasonable
request and with permission of the corresponding Author.

Competing Interest

The authors declare that they have no competing interests.

Funding

This study was not funded by any organization. We bore all
the expense that accrued from in study.

Authors’ contributions:

CJM conceived and designed this study while CJM, CAT,
and OEN helped in critical revision of the article. CJM and
OEN also did the Data analysis/interpretation. All authors
have read and approved the manuscript.

Acknowledgments

We are grateful to the research assistant who helped in data
entering

References

1.Kassab GS. Biomechanics of the cardiovascular system: the aorta as
an illustratory example. J R Soc Interface. 2006 Dec 22;3(11):719-40.
doi: 10.1098/1sif.2006.0138.

2. Polak-Iwaniuk A, Harasim-Symbor E, Gotaszewska K,
Chabowski A. How Hypertension Affects Heart Metabolism. Front
Physiol. 2019;10:435

3.Huang Y, Hu D, Huang C, Nichols CG. Genetic Discovery of ATP-
Sensitive K+ Channels in Cardiovascular Diseases. Circ Arrhythm
Electrophysiol. 2019;12(5):e007322.

4 Tsibulnikov SY, Maslov LN, Gorbunov AS, Voronkov NS,
Boshchenko AA, Popov SV et al. A Review of Humoral Factors in
Remote Preconditioning of the Heart. J Cardiovasc Pharmacol Ther.
2019 Sep;24(5):403-421

5.Gruzdeva OV, Borodkina DA, Belik EV, Akbasheva OE, Palicheva
EI, Barbarash OL. [Ghrelin Physiology and Pathophysiology: Focus on
the Cardiovascular System]. Kardiologiia. 2019 ;13;59(3):60-67

6.Seo DY, Kwak HB, Kim AH, Park SH, Heo JW, Kim HK et al.
Cardiac adaptation to exercise training in health and disease. Pflugers

https://dx.doi.org/10.4314/mmj.v36i.



Malawi Medical Journal 36 (1);

Assessment of descending aortic blood flow velocities 121

Arch. 2020;;472(2):155-168.

7.Park S, Nguyen NB, Pezhouman A, Ardehali R. Cardiac fibrosis:
potential therapeutic targets. Transl Res. 2019 ;209:121-137.

8.Metafratzi ZM, Efremidis SC, Skopelitou AS, De Roos A: The clinical
significance of aortic compliance and its assessment with magnetic
resonance imaging. J Cardiovasc Magn Reson. 2002, 4: 481

9.Voges 1, Jerosch-Herold M, Hedderich J, Westphal C, Hart C, Helle
M, et al. Maladaptive aortic properties in children after palliation of
hypoplastic left heart syndrome assessed by cardiovascular magnetic
resonance imaging. Circulation. 2010, 122: 1068-76.

10.Gorecka M, Bissell MM, Higgins DM, Garg P, Plein S, Greenwood JP.
Rationale and clinical applications of 4D flow cardiovascular magnetic
resonance in assessment of valvular heart disease: a comprehensive
review. J Cardiovasc Magn Reson. 2022 Aug 22;24(1):49. doi: 10.1186/
$12968-022-00882-0. PMID: 35989320; PMCID: PMC9394062.

11.van Ooij P, Garcia J, Potters WV, Malaisrie SC, Collins JD, Carr
JC, Markl M, Barker AJ. Age-related changes in aortic 3D blood flow
velocities and wall shear stress: Implications for the identification of
altered hemodynamics in patients with aortic valve disease. J Magn
Reson Imaging. 2016 ;43(5):1239-49.

12.Bartosz Rylski, Benoit Desjardins, William Moser, Joseph E.
Bavaria, Rita K. Milewski, Gender-related changes in aortic geometry
throughout life, European Journal of Cardio-Thoracic Surgery, Volume
45, Issue 5, May 2014, Pages 805-811, https://doi.org/10.1093/ejcts/
ezt597

13.Ursem NT, Clark EB, Keller BB, Hop WC, Wladimiroff JW.
Assessment of fetal heart rate variability and velocity variability
by Doppler velocimetry of the descending aorta at 10-20 weeks of
gestation. Ultrasound Obstet Gynecol. 1999 ;14(6):397-401.

14Wyse RK, Robinson PJ, Deanfield JE, Tunstall Pedoe DS, Macartney
FJ. Use of continuous wave Doppler ultrasound velocimetry to assess
the severity of coarctation of the aorta by measurement of aortic flow
velocities. Heart 1984; 52:278-283

15. Seear, M., D’Orsogna, L., Sandor, Ruby P, Elizabeth P,
Eustace D. Normal values of mean aortic flow velocity in infants and
children measured by pulsed doppler echocardiography. Pediatr res
1987:4:194

16.Poutanen T, Tikanoja T, Sairanen H, Jokinen E. Normal aortic
dimensions and flow in 168 children and young adults. Clin
Physiol Funct Imaging. 2003 Jul;23(4):224-9. doi: 10.1046/j.1475-
097x.2003.00501.x. PMID: 12914562.

17. Helmut B, Judy H, Javier B, John B, Thor E, Steven G et al.
Recommendations on the echocardiographic assessment of aortic
valve stenosis: a focused update from the European Association of
Cardiovascular Imaging and the American Society of Echocardiography,
European Heart Journal - Cardiovascular Imaging 2017; 18: 254—
275

18. Silvestry FE, Cohen MS, Armsby LB, Lang RM, Rome JJ, Yan
W. Guidelines for the Echocardiographic Assessment of OS
ASD and Patent Foramen Ovale: From the American Society
of Echocardiography and Society for Cardiac Angiography and
Interventions. Ase Guidelines & Standards 2015; 28:910-958

19. Frank ES, Richard EK, Michael MB, John DS, Karen ME, Steven
AG. Echocardiography-guided interventions. J Am Soc Echocardiogr.
2009; 22: 213-231

20. Rudski LG, Lai WW, Afilalo J. Hua L. Handschumacher MD.
Chandrasekaran K et al. Guidelines for the echocardiographic
assessment of the right heart in adults: a report from t h e
American Society of Echocardiography. J Am Soc Echocardiogr. 2010;
23:685-713

21. Israel, Glenn D., “Sampling the Evidence of Extension Program
Impact. Program  Evaluation and Organizational Development,”
IFAS, University of Florida, PEOD-5, 1992.

22. Mandell JG, Loke YH, Mass PN, Cleveland V, Delaney M,
Opfermann Jet al. Altered hemodynamics by 4D flow cardiovascular
magnetic resonance predict exercise intolerance in repaired coarctation
of the aorta: an in vitro study. J Cardiovasc Magn Reson. 2021 Sep
6;23(1):99. doi: 10.1186/s12968-021- 00796-3..

23.Gabrielsen FG, Bonnekoh A, Felder C, Eggeling T, Kochs M,
Hilger HH etal.  Determination of normal values of the aortic
blood flow profile using continuous Doppler echocardiography
from apical and suprasternal echo position]. Z Kardiol. 1992
;81(1):30-6. German. PMID: 1570726.

24.Soon Ung Kang. Measurements of Blood Flow in
the Ascending and Descending Aorta by Two-Dimensional
doppler Echocardiography in School children. Clin Exp Pediatr.
1987;30(9):972-981. Published online September 30, 1987

25.Garcia J, van der Palen RLF, Bollache E, Jarvis K, Rose MJ, Barker
Al et al. Distribution of blood flow velocity in the normal
aorta: Effect of age and gender. ] Magn Reson  Imaging 2018
;47(2):487-498.

26. Kocher Madison, Waltz Jeffrey, Collins Heather, Schoepf Uwe ,
Tran Tri et al. Normative Values of Pediatric Thoracic Aortic
Diameters Using Computed Tomography. Journal of Thoracic
Imaging 2021

27. Kaiser T, Kellenberger CJ, Albisetti M, Bergstriasser E,
Valsangiacomo Buechel ER. Normal values for aortic diameters in
children and adolescents--assessment in vivo by contrast-enhanced
CMR-angiography. J Cardiovasc Magn Reson. 2008 Dec 5;10(1):56.
doi:  10.1186/1532-429X-10-56. PMID: 19061495; PMCID:
PMC2615773.

28.Bauer M, Gliech V, Siniawski H, Hetzer R: Configuration of the
ascending aorta in patients with bicuspid and tricuspid aortic valve
disease undergoing aortic valve replacement with or without reduction
aortoplasty. J Heart Valve Dis. 2006, 15: 594-600. 1.

29.Nollen GJ, Groenink M, Tijssen JG, Wall Van Der EE, Mulder
BJ: Aortic stiffness and diameter predict progressive aortic dilatation
in patients with Marfan syndrome. Eur Heart J. 2004, 25: 1146-1152.
10.1016/j.¢hj.2004.04.033. Article PubMed Google Scholar 2.

30. Didier D, Saint-Martin C, Lapierre C, Trindade PT, Lahlaidi N,
Vallee JP et al. Coarctation of the aorta: pre and postoperative evaluation
with MRI and MR angiography; correlation with echocardiography and
surgery. Int J Cardiovasc Imaging. 2006, 22: 457-475. 10.1007/s10554-
005-9037-8.

31. Godart F, Labrot G, Devos P, McFadden E, Rey C, Beregi JP:
Coarctation of the aorta: comparison of aortic dimensions between
conventional MR imaging, 3D MR angiography, and conventional
angiography. Eur Radiol. 2002, 12: 2034-2039. Article PubMed

32. Weng C, Yuan H, Yang K, Tang X, Huang Z, Huang Let al. Gender-
specific association between the metabolic syndrome and arterial
stiffness in 8,300 subjects. Am J Med Sci 346: 289-294, 2013. doi:
10.1097/MAJ.0b013¢3182732¢97.

33. Poutanen T, Tikanoja T, Sairanen H, Jokinen E. Normal aortic
dimensions and flow in 168 children and young adults. Clin
Physiol Funct Imaging. 2003 Jul;23(4):224-9. doi: 10.1046/j.1475-
097x.2003.00501.x.

34. Roel L.F, van der Palen, Emilie Bollache, Kelly Jarvis , Michael J.
Rose , Alex J. Barker et al. Distribution of blood flow velocity in the
normal aorta: Effect of age and gender Julio Garcia PhD. JMIR 2018;
47 487-498

35. Davis AE, Lewandowski AJ, Holloway CJ, Ntusi NA, Banerjee
R, Nethononda R et al. Observational study of regional aortic size
referenced to body size: production of a cardiovascular magnetic
resonance nomogram. J Cardiovasc Magn Reson 2014; 16: 9.

36. Rylski B, Desjardins B, Moser W, Bavaria JE, Milewski RK. Gender-
related changes in aortic geometry throughout life. Eur J Cardiothorac
Surg 2014; 45: 805-811.

https://dx.doi.org/10.4314/mmj.v36i.



Malawi Medical Journal 36 (1);

Assessment of descending aortic blood flow velocities 122

37. Wolak A, Gransar H, Thomson LEJ, Friedman JD, Hachamovitch
R, Gutstein A,. Aortic size assessment by noncontrast cardiac computed
tomography: normal limits by age, gender, and body surface area.
JACC Cardiovasc Imaging 2008; 1: 200-9.

38.Voges I, Jerosch-Herold M, Hedderich J, Pardun E, Hart C, Gabbert
DD etal. Normal values of aortic dimensions, distensibility, and pulse
wave velocity in children and young adults: a cross-sectional study. J
Cardiovasc Magn Reson 2012; 14: 77.

39. Hardikar AA, Marwick TH. Surgical thresholds for bicuspid aortic
valve associated aortopathy. JACC Cardiovasc Imaging 2013; 6: 1311—
1320.

40. Vasan RS, Larson MG, Benjamin EJ, Levy D. Echocardiographic
reference values for aortic root size: the Framingham Heart Study. J Am
Soc Echocardiogr 1995; 8: 793-800.

41. Kaiser T, Kellenberger CJ, Albisetti M, Bergstrasser E, Buechel
ER. Normal values for aortic diameters in children and adolescents—
assessment in vivo by contrast-enhanced CMR-angiography. J
Cardiovasc Magn Reson 2008; 10: 56.

https://dx.doi.org/10.4314/mmj.v36i.



