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Abstract

Purpose: Quantify changes in blood flow velocity in the radial artery after local dynamic exercise and compare these
results between a group of women and men. Acquire data of normal resting blood flow in the radial artery. Methods: We
examined 42 healthy young volunteers (21 men and 21 women) of the age about 20. A pocket Doppler ultrasound device
was used for measurements. Physical exercise was defined as one-minute-long, one-handed weightlifting. Hemodynamic
parameters were registered during resting before exercise and immediately after exercise. Results: Resting baseline
values: overall maximum blood flow velocity 26.49 cm/s (SD: 9.99 cm/s), mean blood flow velocity 8.46 cm/s (SD:
6.17 cm/s), and pulsatility index (P1) 5.46 (SD: 5.7) for the whole group. Mean percentage increase of maximum blood
flow velocity is 36.5%, mean blood flow velocity 243%. P1 was reduced by 52.8%. There was a presumed significant
difference in the percentage change of PI between the group of women and men (p<0.05). There is also a typical change
in velocity waveform after exercise. Conclusion: The most altered parameter is mean blood flow velocity, which
corresponds to an observed change of velocity waveform probably caused by local vasodilatation lasting only for several

seconds.
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Introduction

Ultrasonic display of blood flow in vessels has a vast
clinical usage for evaluation of the function of the
venous and, in our case, the more important arterial
system. The calculation of velocity parameters is
enabled by the application of the Doppler Effect.

Pathologies, which can be diagnosed using this
method, are vessel strictures, valve insufficiency,
anatomical anomalies, vascular shunts or impacts of
medical interventions [1].

Assessment of blood flow can be also done without
B-mode tissue visualization; therefore, smaller portable
bedside monitors can be used, similar to those we took
for our experiment. However, quantification of this
method is rather difficult, which means that there are no
official normal values for blood velocities in medium or
small arteries. The absolute numbers are highly depen-
dent on the angle between the probe and vessel axes and
localization of the measured sample of the flow.

The radial artery is a high-resistance limb artery and
its normal blood flow velocity values are not definitely
established. The actual values can be easily altered by
many external and internal influences.

The purpose of this study was to describe and quantify
changes of blood velocity parameters in the radial artery
after the local exhausting exercise of the arm. Based on
the literature, we hypothesized, that there would be
a significant increase in mean blood flow velocity
immediately after exercise. The other hypothesis was
that the increase should be greater in women than in
men.

Material and Methods

42 healthy young adults (21 women and 21 men)
volunteered in this study. The subjects were 20 + 1 years
of age, 170.3+7.3 cm in height and 62.7 +7.8 kg
in weight. Every subject was familiarized with the
experimental protocol. Informed consent was obtained
orally. The subjects were seated in a chair with one
forearm placed on the table. Three 5-second-long
records of blood velocity were obtained in this position.
The ultrasound probe was held manually at an angle of
about 60° aiming at radial artery 1-3 cm proximal from
the radio-carpal joint in order to get top/maximum
velocity. The same procedure was performed on both
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arms. Then the subject performed a one-minute, dy-
namic, one-hand elbow flection with a 6 kg dumb-bell
in a2-6 s (flection/extension) cadence, depending on
subject abilities. Immediately after putting down the
dumb-bell, another 5-second record of radial artery
blood flow velocity was taken. This protocol was
applied on both arms. We used the Hadeco Bidop ES-
100Vv3 (Hadeco Inc., Kawasaki, Japan) ultrasound
device with standard probe with frequency 5 MHz and
Smart-V-Link™ recording software.

Based on previous studies, we decided to evaluate
parameters of maximum blood velocity, mean blood
velocity, and pulsatility index (PI).

Maximum blood flow velocity (BFV) is represented
by the peak systolic velocity and is very variable
especially in peripheral arteries such as radial artery.
Mean blood flow velocity (BFV) means the time
average value of blood flow velocity during the whole
cardiac cycle.

Pulsatility index (PI) is a measure of the variability of
blood flow velocity in a vessel, equal to the difference
of peak systolic and minimum diastolic velocities
divided by the mean velocity during the cardiac cycle.

Results

Baseline BFV characteristics:

Our average resting values for the whole group were:
maximum BFV: 26.5 cm/s, mean BFV: 8.5 cm/s and PI:
5.5. According to gender the average parameters for the
group of men were: maximum BFV: 28.9 cm/s, mean
BFV: 9.9 cm/s and PI: 4.6; the group of women was
characterized by maximum BFV: 24.1 cm/s, mean BFV:
7 cm/s and Pl: 6.3.

Characteristics of the whole group:

Compared to the resting period, maximum as well as
mean blood flow velocity was increased with exercise
(P <0.05). PI was significantly reduced after exercise
(P < 0.05) according to the Wilcoxon nonparametric test
via Statistica™ software (StatSoft CR s.r.o., Prague,
Czech Republic).

The overall average increase of maximum BFV was
6.99 cm/s with SD = 8.48 cm/c. On the other hand, the
change in mean blood flow velocity showed less
variability (SD =5.25cm/s) and greater difference:
9.1 cm/s. The average decrease of PI equaled to —3.96
and SD of 5.45, but there was only one example with
a difference of Pl bigger than 0. In view of the
percentage of resting values, maximum BFV increased
by 36.5%, mean BFV increased by 243% and PI
decreased by —53%. Table 1 shows that the greatest
change occurred in the mean BFV (243%) and the

most homogenous difference is represented by PI
(SD =27.8).

Table 1: The whole group characteristics of the change
between resting and post-exercise parameters. “A**

equals post-exercise minus resting, “%” equals A
divided by (resting divided by 100).

average | median sD
A max BFV (cm/s) 6.99 6.25 8.48
A mean BFV (cm/s) 9.1 9.05 5.25
API -3.96 -1.49 5.45
% max BFV 36.47 | 2341 | 4471
% mean BFV 243.05 | 139.25 | 288.33
% PI -52.8 -56 27.77

Comparison of the left and right arm:

There is no statistically significant difference between
the values obtained on the left and the right arm. The
changes of BFV parameters are very similar for both
arms (Table 2).

Table 2: Comparison of changes divided into groups
according to the arm. No significant difference
observed.

Right arm
average | median SD

A max BFV (cm/s) 7.5 6.7 9.23
A mean BFV (cm/s) | 9.24 10.3 5.64
API -4.01 -1.45 5.29
% max BFV 39.13 | 28.78 46.92
% mean BFV 236.66 | 159.15 | 250.97
% PI -53.3 -53.3 26.96

Left arm
A max BFV (cm/s) 6.49 6.49 7.73
A mean BFV (cm/s) [ 8.97 8.4 4.89
API -3.92 -1.49 5.66
% max BFV 33.82 | 2055 42.79
% mean BFV 249.44 | 112.17 | 324.39
% Pl 52.4 -56 28.87

Comparison of gender:

There is a difference in the percentage of Pl change
between the group of men and women, p < 0.05 (0.02)
using T-test for independent samples. The decrease is
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greater in the group of women (59.8%) than in men
(45.9%) (Table 3).

Table 3: Comparison of changes divided into groups
according to gender. There is a significant difference in
percentage change of PI highlighted in bold.

Men
average | median |SD
A max BFV (cm/s) 6.57 5.85 7.26
A mean BFV (cm/s) 8.58 8.7 4.68
API -3.15 -0.89 5.2
% max BFV 29.18 18.84 36.71
% mean BFV 187.72 80.36 273.37
% Pl -45.9 -44.8 27.32
Women
A max BFV (cm/s) 7.42 7.5 9.61
A mean BFV (cm/s) 9.62 10.5 5.77
API -4.78 -2.32 5.63
% max BFV 43.76 33.46 50.89
% mean BFV 298.38| 186.94 295.45
% Pl -59.8 -67.2 26.73

Graphical changes in velocity waveform

=
=
|
|

velocity (cmys)

(]
T

0O | Il | |
L] T T T T

time (1sec/div.)
Fig. 1: Typical appearance of

waveforms.

resting velocity

3
I

velocity [emfs)

(=]
T

0 Il Il L Il
v T T T T

time (1sec/div.)

Fig. 2: Typical appearance of after-exercise velocity
waveforms.

Standard triphasic waveform with a steep systolic rise
and subsequent decrease with some retrograde flow (due
to high peripheral resistance) and slight flow persisting
during diastole [1] during rest (Fig. 1) are replaced in
a short period of time (approximately 90 seconds) by
saw-like waveform (Fig. 2) with elevation of systolic

120

part between first and second peak. Moreover, this
change explains the great increase of mean blood flow
velocity.

Restoration to the resting values

In a small group of participants (4 women and 7 men)
we performed additional recording of blood flow
velocity values at 5, 15 and 30 minutes after exercise.
The purpose of these measurements was to determine
how long the blood flow of radial artery stays altered
after this localized exercise. We did not find any
statistically significant difference (p >0.05) between
resting values of maximum and mean blood flow
velocity and PI and values at 5, 15 and 30 minutes
(Fig. 3). Inaccordance with these results, the appearance
of the velocity waveforms at 5 minutes and later was
identical to resting records.
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Fig. 3: Box graph of restoration of mean blood flow
velocity after exercise.
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Discussion

Influence of muscle contraction on arterial blood flow
in brachial [2-5] or femoral [6—10] artery was examined.
However, it is difficult to compare in a quantified
manner because results are usually expressed in blood
flow in ml/min and calculated using average vessel
diameter.

The most similar observation was found in the
following studies: Wallge and Wesche [10] observed
that during rhythmic exercise of 10% maximal voluntary
contraction the increase of maximal BFV varies from
220 to 480% in femoral artery, and there is no difference
between females and males. Increase of mean BFV from
8.07+£3.36 cm/s to 19.7+9.35cm/s by 5 min of
dynamic knee extension was published by Shoemaker
et al. [7]. Expressed in percentages, this increase is very
close to our observation (244%). Moreover, DelLorey
et al. [4] Thompson et al [3] and Hoelting et al. [8]
confirmed the intensity-dependent manner of blood flow
increase after exercise.
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Results by Parker et al. [6] also showed that the
hyperemic response to exercise was greater (p < 0.01) in
women as was femoral blood flow at workloads greater
than 15 watts. This observation is in agreement with our
results in radial artery.

However, these papers give information about bigger
vessels with different bloodstream localization to
dominantly working muscle groups and different
experimental protocols. These settings were probably
chosen to enable stable probe placement and continual
measurement.

Maximum BFV, or also called peak systolic velocity,
is usually used in older studies and the values differ
substantially. On the other hand, mean BFV better
describes the flow and together with vessel diameter
serves to calculate blood flow. Published values of
mean BFV in radial artery: 17.0£55cm/s [11],
26.8+49cm/s [12], left: 8.8 (6.3-11.3) cm/s,
right: 7.2 (4.2-10.2) cm/s [13], left: 9.51 + 4.44 cm/s,
right: 7.98 +4.41 cm/s [14]. Peak systolic velocity
59.1+104cm/s [12], 26.6+£3.2 cm/s [15], left:
56.26 + 11.82 cm/s, right: 50.91 + 11.55 cm/s [14] and
Pl 1.83 £ 0.18 [12]. These numbers show great hetero-
geneity and our velocity values are most similar to
Krullaards et al. [13], Targett et al. [15] and partially to
Kim et al. [14] (Table 4).

Table 4: Comparison of resting values in radial artery
with other authors in chronological order of publica-
tion.

Max BFV Mean BFV PI
(cm/s) (cm/s)
Ours 26.49+999 | 8.46+6.17 |5.46%5.7
Targett
+
1985 26.6 £3.2
Talegon-
Meléndez 17.0+5.5
1999
L: 8.8
Krullaards (6.3-11.3);
2009 R:7.2
(4.2-10.2)
Bardon 1.83+
+ +
2010 59.1+10.4 26.8+4.9 018
. +
L 1516:26_ T | L9.51+4.44
Kim 2015 R: 5(') 91' .
15091+ . +
11.55 R:7.98 +4.41

Blood velocity parameters in peripheral arteries such
as radial artery are easily altered by many external and
internal stimuli. Strong influence can be found in tem-
perature [16, 17] and vegetative system activity [18].

Changes in mean BFV correspond with the typical
appearance of time dependent velocity curve after
exercise.

We can try to explain the elevation of the part between
two peaks of the velocity curve using the multi-branch
mathematical vascular model by Masuda et al. [19],
which describes the model of common carotid artery.
We can at least guess which part of the arterial system
could be responsible for the curve of this part of cardiac
cycle. By anatomical analogy, it seems to be the
reduction of reflected flow from distant arm arteries,
palmar arches.

Arteries in hand are compressed during the exercise
thanks to contraction of hand muscles and the weight of
dumbbell. Putting down the load probably leads to local
vasodilatation, which contributes to changing the veloc-
ity waveform [1].

Unfortunately, we did not find papers discussing BFV
waveforms influenced by exercise.

Usage of arterial Doppler ultrasound for evaluating
alteration of BFV in other types of workload such as
backpack carrying [20] or neck trauma [13] brought
significant results as well. Possible clinical benefit can
be found in validation of sympathic nervous stimulation
[18].

The influence of local exhausting physical exercise is
presumed as one of the greatest possible influences to
regional hemodynamic, thus other systemic external and
internal stimuli should not exceed these differences.

Long-term effects of aerobic training are more often
examined than immediate impact of physical exercise.
Madhura and Sandhya [21] described that the hemo-
dynamic changes caused by regular aerobic training
exist and are reversible.

Possible clinical application of our modified methodic
could be used for noninvasive evaluation of peripheral
vascular diseases which symptoms are dependent on
physical activity for example chronic lower limb ische-
mia. In this case mobility readiness of pocket Doppler
ultrasound device is very useful.

There were some limitations of our study as well, e.g.
manual placement of the ultrasound probe is not able to
maintain the same angle between the axis of the ultra-
sound beam and the vessel axis. On the other hand, this
method gives better flexibility in maintaining the
strongest signal, and allows to adapt the probe position
to the patient's physiognomy.

Other limitation can be found in characteristics of
group of probands. We have investigated group of first
year medical students. Nutrition levels of normal BMI
values, physical activity ranging from passive life style
to semiprofessional sportsmen. The level of physical
condition is partially reduced by the variability of
flection-extension cadence, which was strongly depen-
dent on performance status of each proband. Using strict
amount of physically defined work regardless individual
potential could lead to different level of exhaustion, thus
different vascular response. Our established model
caused similar level of subjective limb fatigue in each
proband.
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Conclusion

We confirmed that there is a significant difference in
BFV parameters in radial artery caused by physical
exercise of the ipsilateral arm. The most altered param-
eter is mean blood flow velocity, which corresponds to
observed change of velocity waveform probably caused
by local vasodilatation in muscles and palmar arches.
These significant changes lasted only for several
seconds. The gender difference of PI changes shows that
there is greater variability of blood flow velocity in
women, which can be caused by anatomical differences.
A left—right difference in post-exercise change was not
observed, so there is no influence of dominant arm.
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