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Abstract

INTRODUCTION
There is a paucity of data on the association between Doppler indices, the wall

thickness of the abdominal aorta and the development of atherosclerosis in Nigeria. This
study aimed to establish reference data of the abdominal aorta wall thickness and their
selected Doppler indices in Abuja, Nigeria.

METHODOLOGY
This cross-sectional prospective study enlisted volunteer healthy subjects who

consented and met the inclusion criteria by convenience sampling. The abdominal Aorta
wall thickness (AAWT), as well as selected Doppler indices which are: the resistivity and
pulsatility indices (RI & PI) of the abdominal aorta (AA) of four hundred and twelve male
and female volunteer healthy subjects, were measured sonographically using standard
protocols. Data was analyzed using SPSS v 23 and inferential analysis was done with a
level of significance set at 5 %.

RESULTS
The mean £ SD of the AAWT in the volunteer healthy subjects were 1.54 +

0.33mm and 1.29 £+ 0.32mm in male and female healthy volunteers respectively. The mean
+ SD of the RI and PI for male volunteer healthy subjects were 0.81 + 0.06, and 1.09 +
0.20. Also, the mean + SD of the RI and PI for female healthy volunteers was 0.59 + 0.06,
and 1.10 + 0.21 respectively.

CONCLUSION
The reference AAWT, Rl and PI in the locality were 1.51 + 0.33mm, 0.6 = 0.06

and 1.02 =+ 0.19. The RI, Pl and AAWT values were higher in males (p >0.005) than in
female volunteer healthy subjects.

Keywords: Abdominal aorta, Pulsatility index, Reference values, Resistivity index, Aorta Wall
Thickness
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lumen, or hollow centre of the artery [1]. The
tunica intima is the innermost layer that is in
contact with the lumen and the blood passing
through it. It is made of the endothelium, a
specific type of stratified squamous epithelial
cells that maintain the integrity of the vessel
walls. The epithelium plays an important role in
preventing blood cells from leaking out of the
artery or sticking to the walls and forming clots.

Introduction
The abdominal aorta (AA) is the largest

artery in the body and it descends from the
thorax as a continuation of the thoracic aorta
until it reaches the pelvis, where it divides into
the right and left common iliac arteries and the
middle sacral arteries. The abdominal aorta is
made of three separate layers surrounding the
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The next layer, the tunica media, is much
thicker than the tunica intima and contains
many elastic fibres and smooth muscle tissue
[2]. These structures work together to give the
artery strength and elasticity and the ability to
contract to help propel blood through the body.
Finally, the tunica externa forms the outermost
layer of the abdominal aorta and is made of
dense irregular connective tissue containing
many collagen fibres. This tissue gives the
artery a strong but flexible outer coat and helps
to attach the abdominal aorta to the surrounding
tissues. Atherosclerosis of the abdominal aorta
is often associated with the development of
cardiovascular disease risk factors such as
hypertension, hyperlipidaemia, and Diabetes
[3].

Progressive childhood atherosclerosis
results in the deposition of fats, calcium,
cholesterol and other substances in the walls of
the abdominal aorta which leads to abnormal
thickening of the walls of the abdominal aorta
from childhood, adolescence, adulthood and
old age [3]. Similarly, plaques may begin to
develop in the aortic intima-media complex,
especially in adulthood and old age [4]. These
changes in the wall of the abdominal aorta
compromise the normal luminal dimension of
the abdominal aorta and predispose individuals
to some cardiovascular diseases [5].
Atherosclerosis of the abdominal aorta is often
associated with the development of
cardiovascular disease risk factors such as
hypertension, hyperlipidaemia, and Diabetes
[6]. Cardiovascular disease has been a global
health concern with high morbidity, especially
in Nigeria.  Cardiovascular diseases have
increased in Nigeria in the last 20 years and
contribute to 11% of all deaths due to non-
communicable diseases [7,8]. Therefore,
Cardiovascular morbidity is a burden to the
Nigerian health system and the control of
cardiovascular disease risk factors has not been
optimised in Nigeria.

Diagnostic imaging of cardiovascular
disease risk factors includes cardiac Magnetic
Resonance Imaging, Computed Tomography
Angiography, Electron Beam Computed
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Tomography and Ultrasonography.
Atherosclerosis  results in  pathological
processes, including stroke, coronary artery and
peripheral artery diseases. The occult nature
and progression of atherosclerotic diseases
therefore require the use of easily available and
effective surveillance tools to identify, evaluate
and follow up the progression of atherosclerotic
conditions [9]. Both grey scale and Doppler
ultrasound imaging provide cost-effective and
efficient ways to identify atherosclerotic
plagues and provide subclinical  risk
assessment. Intravascular ultrasound
procedures are known to provide a specific risk
assessment of atherosclerotic lesions and track
the progression of anti-atherosclerotic therapies
over time [9]. Ultrasonography is the best
imaging modality compared to the others
because of its availability, low cost, non-
invasiveness and ease of use [4]. One study that
projected the value of ultrasound in the
assessment of atherosclerosis in men was the
Biolmage study of 2015 [10]. The study
assessed vascular imaging biomarkers for early
atherosclerotic events in 5808 asymptomatic
adults. All the subjects were evaluated using
carotid artery calcification and Doppler
ultrasound evaluation of the carotid artery with
a (Quantitative 3D ultrasound score. The
reported major cardiac events increased with
higher carotid plaque burden and coronary
artery calcification. The study concluded that
ultrasound vascular evaluation of the carotid
artery can identify imaging biomarkers that
directly diagnose atherosclerosis [10]. This
study  highlighted the importance of
ultrasonography in the identification of
atherosclerotic plagues and the diagnosis of
some cardiac events. Atherosclerosis and age
influence Doppler parameters in the diagnosis
of renal artery stenosis [11]. The latter study
concluded that Doppler parameters (peak
systolic volume, renal aortic ratio, renal-
interlobar ratio and acierating time) for patients
presenting with atherosclerosis aged 46 years or
older and younger than 46 years were different.
This shows that cut-off values may be
established for variations in  Doppler
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parameters with atherosclerosis/age based on a
46-year-old borderline for the renal aortic ratio
and renal interlobar ratio. Another related study
also found a direct influence of Doppler
parameters on the development of
atherosclerosis [12]. The cross-sectional study
appraised different ultrasonography indices in
patients with carotid artery atherosclerosis
during which the resistive index (RI), pulsatility
index (PI), Intima-Media Thickness (IMT),
Dichrotic Notch Index (DNI) and Mean
Wavelength Entropy (MWE) were investigated
in 144 Iranian men. The subjects were grouped
into four namely control, severe, moderate,
control and mild atherosclerotic
subjects/stenosis. The study results indicated
that patients with mild, moderate, and severe
stenosis had significantly different RI, PI, far
wall intima-media thickness, and mean
wavelength entropy in their common carotid
artery when compared to the control group. The
study concluded that the use of the
identification and measurement of the PI, RI far
wall intima-media thickness can help
physicians identify patients at risk of
cardiovascular diseases. In the present study,
we desire to establish reference values of AA
wall thicknesses and Doppler indices in a
Nigerian population. These reference values
will help clinicians in the early identification of
patients at risk of atherosclerosis and
cardiovascular diseases.

Furthermore, there is also a paucity of
data on the association between Doppler
indices, Abdominal Aorta wall thickness and
the development of atherosclerosis in Nigeria.
As a result, the use of ultrasound to interrogate
the abdominal aorta wall thickness to identify
subclinical atherosclerosis, especially among
high-risk individuals will go a long way toward
controlling the risk factors of cardiovascular
disease and reducing the cardiovascular disease
burden in Nigeria.

Methodology

This was a prospective cross-sectional
study carried out on volunteer adult subjects
between 18 —92 years in Abuja metropolis,
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Nigeria between February 2016 and September
2019. Ethical approval (reference
N0:008/02/2016) was obtained from the
Research and Ethics Committees of the College
of Medicine, University of Nigeria, Enugu
campus. The research was conducted in Abuja,
the capital of Nigeria, due to its diverse
population which includes major ethnic groups
and individuals from different categories. This
made it possible to draw inferences from a
wider range of individuals and cultures.
Informed consent from volunteer subjects was
obtained before the study. Two hundred and six
healthy male subjects were cross-matched with
two hundred and six female volunteer subjects
who were recruited for the study by
convenience sampling. The volunteer subjects
were cross-matched for age and Body mass
index (BMI) so that differences observed within
each group would not attributed to differences
in age or body mass index. All consenting
healthy adult subjects and patients who were
non-smokers referred to the ultrasound
department of Medic-Aid Radiology Wuse
Abuja, Nigeria within the period of the study
with indications other than abdominal aortic
aneurysm,  diabetes,  hypertension  and
hyperlipidaemia were included in the study.
Subjects with a history of cardiovascular
disease or aneurysm and positive laboratory
tests for hypertension (Blood pressure was
measured using ablood pressure cuff and
sphygmomanometer), hyperlipidaemia and
type 2 diabetes were excluded from the study.
Referrals who met the inclusion criteria were
enlisted into the study and their anthropometric
data was obtained. To identify hypertension,
Systolic and Diastolic pressures were measured
using a standard digital blood pressure
apparatus (OMPONS; Model: 1-Q142; Year of
manufacture - 2013). Hypertension was defined
as a systolic pressure >140 mm Hg or diastolic
pressure >90mmHg [13]. A bathroom scale
(Hanson & Co, China) was used for the
measurement of weight while height was
measured using a methe scale and tape
recalibrated before use. The measuring tape
calibrations were validated through a standard
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protocol using a pre-calibrated steel tape by
mechanical comparison as described by
Liyanawaduge (2022) [14]. The weight (in
kilogram) of each volunteer subject was divided
by the square of the height (in metres) to obtain
the Body mass index (BMI). The Cronbach’s
Alpha measure of the internal consistency
reliability of the measuring instruments ranged
from 0.70 — 0.71.

Thereafter, the wvolunteers' Lipid
profiles and fasting blood sugar tests were
carried out by enzymatic assay by
spectrophotometer method (using
Erbaspectrophometer, year of manufacture —
2013) and glucose oxidase method (using Chem
well analyser (Model: 2910, Year of
manufacture 2012) respectively.
Hyperlipidaemia or hypercholesterolemia was
deemed present when total cholesterol and
triglycerides levels were above 200mg/dl, high-
density lipoprotein and low-density lipoprotein
levels were below 40mg/dl and 135mg/dl
respectively [15]. Type 2 diabetes was deemed
present when the blood glucose level was above
130 mg/dl [16].

An ultrasonic assessment of the
abdominal aorta was carried out by a researcher
and an experienced sonographer on subjects
who had fasted for 6-8 hours. The assessment

* A =Innerto inner GIETCICTS
B = Outer to inner diameter.
Ao = abdominal aorta

Figure I:
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was performed using Mindray ultrasound
equipment (4D ultrasound, model - DCNS3,
manufactured in 2013). The fasting blood sugar
and lipid profile tests were performed to assess
normal levels and rule out cardiovascular
disease risk factors in volunteers. Serial
longitudinal abdominal scans were performed
from the sub-diaphragmatic region to the level
of aortic bifurcation where the probe is rotated
at right angles and scanning continued upwards
to visualise the wall thickness of the abdominal
aorta. Measurements were made at the largest
widest diameter of the abdominal aorta wall
thickness 5mm distal to the bifurcation. This is
because the region of aortic bifurcation is a
common site for the development of
atherosclerosis and thickening of the walls of
the AA [3]. Two measurements were made. The
diameter of the lumen of the abdominal aorta
was measured in Antero-posterior (AP) view
and the inner to the inner diameter (ITID) was
then made at 90° to the longitudinal axis of the
abdominal aorta from a frozen longitudinal
image to avoid errors due to parallax. The aortic
luminal diameter (ITID) was measured by the
use of callipers placed at opposite ends of the
inner walls of the lumen (tunica intima) of the
AA.

TR

Doppler Sonography of the longitudinal section of the abdominal aorta in healthy subjects showing the
measurement of the inner to the inner diameter and outer to inner diameters of the abdominal aorta from

which the WT of the abdominal aorta was obtained.
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The OTID was measured similarly by
placing one end of the calliper at the inner wall
of the tunica intima and the other end at the
opposite end of the outer layers of the tunica
media of the AA. The ITID and OTID were
measured twice each and the mean of two
measurements was recorded. The T-test showed
no significant difference between pairs of
measurements (p > 0.005). The AA wall
thickness was obtained by subtracting the mean
ITID from the mean OTID. Both the Rl and the
Pl of the AA were calculated automatically
from the velocity spectral display using the
onboard software as callipers are placed at the
peak systolic velocity (PSV) and end-diastolic
velocity EDV) using the formulae; Rl = PSV-
EDV/PSV and Pl = PDV-EDV/ Time-averaged
velocity ie TAV [17].

Descriptive statistics were used to
express the recorded values of the luminal
diameter, AA wall thickness and Doppler
indices in healthy subjects. Upper and Lower
limits of normality of the AA wall thickness and
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Percentile values. The percentile values are
used to display the 5" — 95" normal ranges of
values for the AA wall thickness diameter and
Doppler parameters (Rl and Pl). The
independent samples T-Test was used to
determine the differences in AAWT, Rl and Pl
in both male and female volunteer healthy
subjects in the studied population.

Results

Table 1.1 shows that 206 (50%) male
healthy subjects were recruited and cross-
matched with 206 female healthy subjects with
the same age and BMI in the study. Table 2
shows the 5th to 95" percentile values of the
wall thickness, resistivity and pulsatility indices
in volunteer subjects. Abdominal Aorta wall
thickness increased with RI and P1 from the 5™
- 95" percentile. Table 3 shows the variations in
mean values of the wall thickness for the
volunteer healthy subjects. Volunteer male
healthy subjects have higher mean values of
Wall thickness than volunteer female healthy
subjects.

Doppler indices were displayed using

Table 1:

Age and BMI Distribution of the Volunteer Subjects
Age Male Male Age Male BMI Femalen Female Female BMI Female BMI Total
Range n (%) Years Kg/M2 (%) Age Kg/M2 Kg/M2 n(%)
(Years) (MeantSD) Mean%SD Years (MeanxSD)  (MeanSD)

(Mean £SD)

18-32  54(13.11) 2254440 19501413 54(13.11) 2354+4.0 19.74+419 19741419 108(26.21)
33-47  63(15.29) 40.27 +4.01 20.70 £4.57 63(15.29) 41.27+4.01 21.00+4.57 21.00+4.57 126(30.58)
48-62  68(16.50) 53.55+4.48 21481518 68(33.01) 52.81+4.48 22.90+5.08 22904508 136(33.01)
63-77  15(3.64) 6547 £4.87 21551219 15(3.64) 67.47+4.87 22471183 2247 +1.83 30(7.28)
78-92  6(1.46) 83.174£2.92 2237+186 6(1.46) 80.17+2.92 23524137 2352+1.37 12(2.91)
Total 206 (50)  43.88+15.98 23.31+4.81 206(50)  43.88+15.98 23.41+4.59 2341459 412(100)

Table 2:

Percentile VValues of Doppler Indices and Abdominal Aorta Wall Thickness in Healthy Subjects

Percentiles (%)

Wall Thickness (mm)

Resistivity Index

Pulsatility Index

5 81
10 84
15 .88
25 1.41
50 1.61
75 1.67
90 1.86
95 1.93
95 1.93

51 75
52 82
53 .86
.54 89
.60 1.05
.66 1.18
.68 1.22
.10 1.24
.10 1.24
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Table 4 shows that the mean values of
resistivity and pulsatility indices increased with
age and are higher in volunteer male healthy
subjects than in volunteer female healthy
subjects. Table 5 shows no significant
differences in AA wall thicknesses, resistivity
and pulsatility indices of male and female
volunteer healthy subjects using the T-test.

Table 3:

()

Discussion

In the current study, an equal number
of male and female healthy volunteers were
recruited for the study to exclude
inhomogeneity in the study samples. The mean
+ SDs of the AAWT were 1.54+ 0.33mm in
male subjects and 1.29+ 0.32mm in female
subjects.

Age and Sex Variations of Mean Abdominal Aorta Wall Thicknesses

Age (years) Wall thickness (Mean + SD (mm) Meant SD(mm)
Male healthy subjects Female healthy subjects
18-32 1.07£0.27 1.01£0.25 1.04+ 0.26
33-47 1.63+0.02 1.58 £ 0.03 1.60 £ 0.04
48-62 1.69 £ 0.03 1.62+ 0.05 1.65+ 0.05
63-77 1.95+ 0.04 1.85+ 0.01 1.91+0.04
78-92 2.17+£0.07 1.91+0.03 2.04 £0.14
Total 1.54 £0.33 1.29+ 0.32 1.51+0.33
Table 4:
Distribution of age and Selected Doppler indices in healthy subjects
Age range RESISTIVITY INDEX Mean £ SD PULSATILITY INDEX Mean £ SD
(years) Mean £ SD (mm) (mm) Mean*SD mm) (mm)
Male Female Male Female
18-32 0.75+ .02 053£0.02 0.53+0.01 089+0.08 0.79£0.06 0.84+0.09
33-47 0.77+0.02 0.56£0.02 0.57+.03 110+£0.04 0.89.£0.23 0.99+0.20
48-62 0.78+ .02 0.63+0.01 0.66+0.02 113+0.02 063+0.01 1.15+0.12
63-77 0.80 + 0.01 0.64 £0.02 0.68 £0.02 1.24 + .03 0.89 £23 1.23 £0.02
78-92 0.81+0.01 0.66+0.01  0.69 £0.03 1.02 £ .01 1.22+0.03 1.24+0.01
Grand mean  0.81 £0.06 0.59+0.06 0.60 £0.06 1.09£020 1.10+021 1.02+0.19
Table 5:
Independent Samples T-Test Independent Samples Test
Levene's Test
for Equality t-test for Equality of Means
of Variances
F Sig. t df Sig. (2- Mean Std. Error  95% Confidence
tailed) Difference Difference Interval of the
Difference
Lower Upper
WT Equal variances .022 882 .035 420 972 .00109 .03118 -06020  .06238
HS assumed
Equal variances 035 419.994 972 .00109 03118 -06020  .06238
not assumed
Pl Equal variances .131 J17 176 420 .861 .00351 .01996 -.03574 04275
HS assumed
Equal variances 176 417513 .861 .00351 .01996 -03574  .04275
not assumed
Rl Equalvariances 1.034 .310 .869 420 .385 .00299 .00344 -00377  .00974
HS  assumed
Equal variances 869 391.306 .385 .00299 .00344 -00377  .00974
not assumed

*WT= Wall Thickness. *HS=Volunteer Healthy Subjects, *Pl= Pulsatility Index, *RI = esistivity Index
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The 5" to 95" percentile range of
values for male and female volunteers were
0.85-1.93mm for the AA wall thickness, 0.51-
0.70 for the resistivity index and 1.02-1.24 for
the pulsatility index. There were no significant
mean differences in both sexes on T-test.
Although the AAWT diameter showed no
significant differences between male and
female healthy volunteers, male healthy
volunteers had thicker AAWT diameters than
their female counterparts. Similarly, carotid
artery intima-media thickness has been reported
to be thicker in healthy males than in healthy
females as well [5]. The thicker AAWT in
healthy males agrees with earlier findings that
reported the abdominal aorta luminal diameter
and wall thickness diameter to dilate for about
25-30% in healthy subjects especially in males
[18] to compensate for wall stress built up in the
abdominal aorta over time [19]. Similarly, the
build-up of pressure, stress and strain in the
abdominal aorta is associated with increased
pressure and stiffness of the aorta which
increases exponentially with age [20].
Increased wall stress has also been opined to
activate the production of smooth muscle tissue
components with an increase in the matrix and
thickness of the wall of the abdominal aorta
wall [21]. The present study found that both
male and female healthy volunteers had an
increase in abdominal aorta wall thickness
(AAWT) from the age of 18 to 92. Additionally,
the thickness of the abdominal aorta wall was
generally greater in older individuals compared
to adolescents and young adults. This is
corroborated by the report that the ageing of the
aorta is accompanied by loss of compliance and
an increase of wall stiffness caused by
structural changes including an increase in the
collagen content and formation of initial
atherosclerosis with calcium deposits resulting
in increased wall thickness [19]. This is similar
to the findings of Joh and colleagues (2013)
[20] wherein they found that the diameter of the
abdominal aorta increased with age, and the
increase was about 70% in healthy subjects
above 71 years of age. Age is therefore an
important factor to consider in the assessment
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of subclinical atherosclerosis in elderly
subjects. There were differences in the AAWT
especially within and across the five age groups
between 18 years and 47 vyears. These
differences in the AAWT diameter in these age
groups were attributed to dietary, hormonal and
active lifestyles in adolescent and young adult
age groups. The mean value of the AAWT in
the current study was different from the
findings of Koc and Sumbul (2018) [22] in a
related study in Turkey. The researchers
measured the intima-media thicknesses of the
abdominal aorta in 100 healthy subjects in a
case-controlled study and found that the value
(Mean = SD) of the intima-media thickness of
the AA in healthy subjects was 1.49 + 0.75
which was slightly lower than the findings in
the present study. The difference in
measurements between the earlier study and the
present study is attributed to differences in
methodology as well as dietary and racial
factors [23,24,25,26].

Furthermore, the wvalues of the
resistivity and pulsatility indices increased
simultaneously with increasing age in male and
female healthy volunteer subjects. Old age was
associated with thicker abdominal aorta
diameter and higher resistivity and pulsatility
indices. A close analysis of the mean values of
the WT, RI and PI in the volunteer healthy
subjects showed different values for both
volunteer male and female healthy subjects.
Further statistical analysis showed that the
pulsatility and resistivity indices did not show
any statistically significant differences in both
healthy male and female subjects on T-test.
This shows that both healthy male and female
volunteers are equally affected by intrinsic
factors that initiate variations in wall thickness,
resistivity index and pulsatility index of the
abdominal aorta.

Conclusion

The reference AAWT, Rl and Pl in the
locality were 1.51 + 0.33mm, 0.6 + 0.06 and
1.02 + 0.19. The RI, Pl and AAWT (P>0.005)
values were higher in healthy males than in
healthy females. Ultrasound evaluation of the
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abdominal aorta wall thickness can provide an
alternative low-cost assessment of subclinical
atherosclerosis in individuals at high risk of
cardiovascular disorders.
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