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A doppler ultrasonographic observation of interventional postural alterations
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ABSTRACT

Introduction and Aim: Drastic life style changes had resulted in increased reports of morbid atherosclerosis in
young adults which is potentially a serious inflammatory condition which causes arteries to become harder and
blocked with lipid accumulation known as plaques or atheroma. In the present study, effect of changes in posture
on the resting shear rate (SR) was studied in arteries of both extremities.

Materials and Methods: A cross sectional observational doppler ultrasound study was done in 30 healthy subjects,
who satisfied a pre-set inclusion and exclusion criteria. The mean blood flow velocity (BV) and diameter were
measured for both brachial arteries and femoral arteries in supine, sitting with leg fully extended, sitting with leg
flexed at 90°, standing with and without slight head tilting of 10° postures after resting the subjects for 10 minutes
in between each posture. The SR in various postures were calculated and tabulated. The data was statistically
analysed using independent ‘t” test and one-way ANOVA. Post Hoc test was applied for analysing statistical
significance of SR in between postures.

Results: The femoral artery showed significantly lower SR (P<0.001) in all the postures studied when compared to
brachial artery. On comparing posture within brachial and femoral artery by applying one-way ANOVA with Post
Hoc test, only femoral showed significant difference in SR between postures.

Conclusion: The postural effect in SR of arteries in lower limb may lead to alterations in the endothelium of
arteries resulting in increased atherogenicity as compared to upper limb arteries.

Keywords: Shear rate; blood flow velocity; peripheral artery diameter; atherosclerosis; haemodynamic shear
stress.

INTRODUCTION the dimensions of the vessel and viscosity of the blood

o i are used to derive it. It is calculated as product of

rastic life _stylg changes in recent years ha\_/e viscosity of blood and shear rate (SR) in vessel wall

resulted in increased reports of morbid and expressed in units of dynes/cm?. This frictional
atherosclerosis in  young adults (1-3).

- o force of blood on endothelium of arteries plays a
Dyslipidaemia is reported to be 37.5% and 62%

i i crucial role in controlling blood flow and maintenance
among_15—64-year-olc_j and young industrial wc_)rl_«_ers of quality of blood vessels (7). Blood flowing through
respectively (4). Studies compared the susceptibility

= blood vessels is considered to be expressing non-
of vessels of extremities and coronary vessels to Newtonian fluid characters. Also, the blood viscosity
at_heroscler05|s.. Arr_png them, few studlt_as claimed was proved to depend on haemodynamic SR or
higher predisposition  of  lower  limbs  for duration of vessel deformation. Blood undergoes
atherosclerotic  lesion when compared to upper shear thinning phenomena when exposed to high SR.
extremities (5). On the contrary; studies also reported Nevertheless, haemodynamic SR exhibits non-linear
that the brachial artery is equally susceptible to

o . . relation to shear stress (8). This haemodynamic
ather_oscl_er05|s in comparison to coronary arteries (6). alteration especially low SR has been proposed by
Inquiry into factors making these vessels prone for

h lerosis. f h h . many studies as an important determinant of
atherosclerosis, focused shear stress as the prime endothelial function that stimulates an atherogenic
phenomenon contributing to occurrence of this

phenotype especially in non-coronary atherosclerosis

condition. (7,9-12).

Haemodynamic Shear stress is defined as a force of _ _ _ S
biomechanical origin. It can be obtained by using Different points of arterial tree exhibit variation in the
models of fluid dynamics wherein the flow of blood, SR depending on the anatomy or geometry of the
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vessel. Few studies claimed SR to be limb specific by
showing difference between SR of arteries present in
both limbs (13-16). Studies exists that showed
variation in SR due to stimulatory occlusion by
inflated cuff, exercise or incremental activity within or
between arteries of both upper and lower limbs
(17,18). Even though minimal data was available on
the effects of different postures like supine, sitting and
standing on SR and its influence on atherogenesis in
the peripheral arteries (19, 20). There is still lack of
clear data on the impact of postures in changing the
SR between upper and lower limb arteries.

So, this research using doppler ultrasound was
planned to increase our understanding and knowledge
about the possible reason for difference in the
incidence of atherosclerosis between upper and lower
limb arteries, by way of measuring the effect of
changes in posture on the resting SR by determining
the blood flow velocity (BV), diameter of brachial
arteries and femoral arteries in supine, sitting and
standing postures in healthy normal volunteers.

MATERIALS AND METHODS

The present study is a cross sectional observational
one conducted with a sample size of 30 healthy
volunteers in the age group of 20-30 years of both
genders attending outpatient department. The
sampling method used for determining the sample size
based on pervious study data was that of convenient
sampling process (19). The enrolled subjects for the
study were normotensive, non-obese, non-smoker and
not on antihypertensive, anti-lipidemic medications.
They were screened by measuring blood pressure,
calculating BMI and evaluating a general clinical
history questionnaire with physical examination.

Each day only two participants were studied. One day
prior to the scheduled intervention the participants
were informed to abstain from taking caffeine and
doing any exercise. Just before examination,
participants were asked to rest for 15 minutes
followed by recording heart rate and blood pressure.

An Ultrasound doppler machine (GE Voluson S8) was
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utilised to record measurements. Anatomical
landmarks for placing the transducer of Doppler
ultrasound were marked in the nondominant limb
between anterior axillary fold and cubital fossa for
brachial and 8 to 10 cm distal to branching of femoral
artery in femoral triangle for femoral. Both the
arteries were measured at a point without branches
and tortuosity. The BV was measured using a
transducer of 7 - 10 MHz frequency range and
diameter of arteries at an insonation angle of <60° in
spectral doppler mode. In both arteries, BV in cm/sec
was measured first for a duration of 60 seconds
followed by diameter in mm for the next 15 seconds
(Fig. 1). The measurements were done in supine,
sitting with leg fully extended (Sitting A), sitting with
leg flexed at 90° (Sitting B), standing with slight head
tilting of 10° (Standing C) and standing without slight
head tilting of 10° (Standing D) (weight bearing tilt)
postures after resting the subjects for 10 minutes in
between each postural intervention. The shear rate
was calculated by using the formula,

SR =4 x BV/Diameter in centimetre scale.

The study was done conferring to the regulations laid
down by ethical committee and the declaration of
Helsinki after obtaining permission from the
Institutional Ethical Committee. Enrolled participants
were explained about the study in their vernacular
language and a written informed consent was taken.
The data were tabulated and analysed by SPSS
software. Independent ‘T’ test was applied for
analysing SR by comparing relation to each posture in
both arteries. One-way ANOVA was used for
analysing SR of brachial arteries and femoral arteries
in five postures individually for their statistical
significance. As the SR of femoral artery was
statistically significant in all the postures in
comparison with that of brachial artery, Post Hoc test
was used for analysing significance of SR in between
postures for femoral artery. The statistical significance
was set at P < 0.001 for independent ‘T’ test and one-
way ANOVA and P < 0.05 for Post Hoc test.
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Fig. 1: Showing blood velocity (BV) and diameter of a) Brachial artery and
b) Femoral artery measured by doppler ultrasound

DOI: https://doi.org/10.51248/.v42i2.1017

Biomedicine- Vol. 42 No. 2: 2022



Vinay et al: A doppler ultrasonographic observation
RESULTS

The doppler ultrasound study on the effect of different
postures on the SR in brachial arteries and femoral
arteries was analysed in 29 healthy individuals in the
age group of 20 to 30 years. One of the enrolled study
participants discontinued in the midcourse due to
personal reasons. Among the selected subjects, 14
were female and 15 males. The age of females ranged
from 20 to 30 years with a mean age of 24.35 years
and of the males from 21 to 29 years with a mean of
24.46 years. The blood pressure of the enrolled
subjects was within normal limits. The Body Mass
Index (BMI) in females ranged from 18 to 26.2 with
an average of 22.6 and in males it ranged from 17.6 to
24.8 with an average of 21.2. The maximum,
minimum BV in both arteries was measured and mean
BV in different postures were calculated. The mean
BV of the brachial artery was higher than femoral
artery in all postures studied (Table 1)

The diameter of both arteries was also measured and
mean diameter for various postures was calculated.
The comparison of mean arterial diameter showed that

...... shear rates in peripheral arteries

femoral artery is wider than brachial in all postures
studied (Table 1).

The SR was calculated using the formula SR = 4 x
BV/arterial diameter for both the arteries. On
comparing the SR between both arteries in each
posture it was observed that brachial artery exhibited
higher SR (Figure 2).

Independent t-test was used for statistically comparing
SR between brachial and femoral artery in each
posture. The values were significant statistically at P
value <0.001. Comparison of SR between different
posture within brachial and femoral artery was further
done by one-way ANOVA. In the brachial, the
difference in SR between the postures was not
significant but significant difference was seen in
femoral artery between postures. Post Hoc test (Tukey
HSD) was done to confirm the statistical significance
observed by ANOVA and it showed significant
changes in femoral artery between supine and sitting
A (P = 0.034), supine and standing C (P = 0.001),
supine and standing D (P = 0.003) (significance in
mean difference is at 0.05 level).

Table 1. Mean blood velocity, mean diameter of both arteries in different postures

Brachial artery Femoral artery
. Mean Mean Mean Mean
Posture of the participant blood |diameter | blood |diameter
velocity (cm) velocity (cm)
(cm/sec) (cm/sec)
Supine 21.23 0.41 17.53 0.48
Sitting with leg fully extended (Sitting A) 18.47 0.39 13.50 0.5
Sitting with leg flexed at 90° (Sitting B) 17.11 0.39 14.6 0.49
Standing with slight head tilting of 10° (Standing C) 16.45 0.40 12.09 0.50
Standing without slight head tilting of 10° (Standing D) | 17.38 0.39 12.33 0.50
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Fig. 2: Comparison of effect of changes in posture on shear rate in both arteries
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DISCUSSION

Life-style factors are significant components in the
aetiology of atherosclerotic cardiovascular disease
(ACVD), which is one of the leading causes of death
(21, 22). In fact, it is estimated that 50% of deaths
attributable to ACVD are preventable through life-
style modifications (22).

Atherosclerosis sound alarm bells when it involves
coronary artery calling for battalion of therapies to
fight it, while the damaging lesion runs unabatedly in
peripheral arteries. In the mist of lot of studies
concentrating on the coronary and carotid artery
atherosclerosis (23, 24), this study was proposed to
know the effect of posture on the SR in peripheral
arteries.

The heart rate, blood pressure, BMI and gender
differences even though observed during the study
and documented were not taken for analysis because
our aim is only to see the variation in SR in peripheral
arteries due to altering posture.

The diameter of brachial artery was proclaimed by a
study as an independent marker of atherosclerosis (6).
The mean brachial artery diameter of 0.39 - 0.41cm
was lower than femoral diameter of 0.48 - 0.5 cm, but
the variation in diameter with change in posture
coincides with findings of few other studies (25).

Even though the independent values of SR in both
arteries varied from previous studies, the difference
between the upper limb artery and lower limb artery
with respect to SR value ranged between 30 - 40%
while it was between 40 - 50% in a previous study
(19). The femoral artery SR of 115.8s in the present
study was lower in comparison to earlier studies with
values of 130.3s%,134.2s? (13,14). The SR of brachial
artery was 187.44s* which was higher compared to
value of 84.95s™ in another study (14). The SR in this
study was higher in brachial compared to femoral
artery in all postures studied which was supported and
opposed by previous studies (13-16). In the femoral
artery the SR was lower in all postures, but it was
lowered significantly in supine, sitting A, standing C
and D (p <0.001) a finding that needs to be considered
as the important inference of our study in the milieu of
studies pointing low SR as the basis for atheroma
formation in vessels (13-15).

The results of this study that there occurs change in
SR with change in posture emphasis the need to
further study the association between time duration of
each posture to the level of SR change. Non-invasive
methodology of this study limits measurement of
viscosity and so computation of shear stress on vessel
wall could not be done in this study. Yet, dynamics of
non-Newtonian fluid might help us to explain the
possible alteration of shear stress with changes in the
SR as observed in this study. Moreover, the small
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sample size in young adults also happens to be a
limitation. The study could be extended to include
people with predisposing factors for atherosclerosis
and advanced age groups.

CONCLUSION

In conclusion, the upper limb brachial artery and
lower limb femoral artery were inversely associated
with each other with respect to the mean BV and
diameter of artery in all the postures studied. Also, the
SR of femoral artery was lower than brachial in all
postures studied. On comparing between the postures,
we found except for sitting with legs flexed 90°
(normal sitting postural) in all others, the femoral
artery experienced a low SR. These findings add to
our knowledge about occurrence of atherogenesis in
peripheral arteries and could be the possible
explanation for difference in the incidence of
atherosclerosis between upper and lower limb arteries.
This study might provide the necessary reason to
modify the prolonged sitting/standing life style, in
order to prevent atherosclerotic complications in
peripheral arteries.
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