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Active Ankle Movements Improve Renal Blood Flow in
Community-Dwelling Elderly
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Background: Renal blood flow is important for maintaining kidney functions and is controlled by an autonomic nervous system
(ANS). An ankle exercise is widely used for improving blood flow in lower limb, but its effects on renal blood flow have not been
examined

Objective: To investigate the effects of the active ankle movements (AAM) on renal arterial hemodynamics and autonomic nervous
system (ANS) responses in community-dwelling elderly participants.

Design: The present study is a prospective randomized controlled trial Twenty-six community-dwelling elderly participants were
randomized to control (n = 13) and AAM (n = 13) groups.

Materials and Methods: The AAM group was instructed by physiotherapists to perform the combined active movements of plantar
flexion, dorsi flexion, inversion, and eversion at the frequency of 60 times/min for 15 min; while the control group was instructed
to rest for another 15 minute. Primary outcomes [volumetric arterial blood flow (VF), peak systolic velocity (PSV), end diastolic
velocity (EDV), and resistive index (RI)] were determined by radiologists using a Doppler ultrasound on the left renal artery at
baseline and postintervention. Secondary outcomes [heart rate variability (HRV) parameters low-frequency spectral power (LF),
high-frequency spectral power (HF), LF/HF ratio, standard deviation of normal-to-normal intervals (SDNN), and root mean square
of successive differences (RMSSD)] were determined as ANS proxies.

Results: After the AAM, VF in the left renal artery significantly increased from 327.7+47.4 to 402.7+56.5 ml/min (p<0.05) whereas
PSV, EDV, and RI were not changed. HRV measurements showed that LF (a proxy of sympathetic cardiac control) decreased from

5.21+0.22 to 4.85+0.15 ms? (p<0.05).

Conclusion: The AAM increased renal arterial blood flow putatively by reducing sympathetic input to the renal artery.
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A primary function of the kidneys is to eliminate
waste products from blood circulation. Kidney functions are
highly dependent upon ample blood and nerve supplies.
Despite relatively small sizes of the kidneys, renal blood
flow (RBF) is approximately 25% of the total cardiac
output™. The kidneys are highly sensitive to changes in RBF,
which can be measured with a Doppler ultrasound in form of
volumetric arterial blood flow (VF) together with other
parameters including peak systolic velocity (PSV), end
diastolic velocity (EDV), and resistive index (RI)®. RBF is
regulated by autonomic innervation. An input from the
sympathetic nerve can cause vasoconstriction and a reduction
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in RBF®. In contrast, the parasympathetic (vagus) nerve is
also present in the kidneys and associated with RBF®.

In principle, the sympatho-vagal balance is
important for cardiovascular system homeostasis and can be
measured as heart rate variability (HRV). The HRV
measurements consist of time and frequency domains. The
time domain analysis includes standard deviation of all normal
R-R intervals (SDNN), square root of the mean of the squared
successive differences in R-R intervals (RMSSD) and
percentage of R-R intervals that are at least 50 ms different
from the previous interval (pNN50)®. The frequency domain
is composed of low frequency (LF, 0.04 to 0.15 Hz), high
frequency (HF, 0.15 to 0.40 Hz), and low to high frequency
ratio (LF/HF)©. The SDNN is a representative of overall
HRV (autonomic activity). LF predominantly represents a
sympathetic outflow whereas HF, RMSSD and pNN50
designate vagal activity. LF/HF ratio reflects sympatho-vagal
balance!”. Even though the HRV is related to renal functions,
its association with RBF is still elusive.
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Any conditions that restrict renal arterial blood
flow such as renal artery stenosis, atherosclerosis, and
advancing age can reduce the sizes and functions of the
kidneys®. The age-related arterial stiffening can be preserved
by a pharmacological therapy, nutritional therapy, and exercise
therapy®. It has been reported that physical movements
affected RBF, for example, a single bout of strenuous exercises
reduced RBF by 51% due to sympathetic outflow-induced
vasoconstriction of renal artery!”. However, light exercises
(indicated by a stable level of sympathetic postganglionic
nerve-derived norepinephrine in plasma) such as the AAM
are recommended for the elderly'"'». Until now; however,
the effects of the light exercises on RBF have not been
elucidated. This present study was aimed to investigate effects
of the AAM on renal hemodynamics and HRV in the
community-dwelling elderly.

Materials and Methods
Study design

A prospective randomized controlled trial has
been registered to the Thai Clinical Trials Registry (TCTR
20181024001) and approved by the Ethical Review
Committee for Human Research, Mahasarakham University
(014/2559). The study was conducted at Srinagarind
Hospital, a tertiary care university medical center. Written
informed consent forms were obtained from all patients.

Participants and baseline assessments

Thirty-four community-dwelling elderly
participants were assessed for eligibility. Eight participants
were dropped out from the program due to initial findings of
hydronephrosis and nephrolithiasis. Twenty-six participants
were randomly allocated to control group (n=13) and AAM
group (n = 13) (Figure 1). Inclusion criteria were age 60 years
old or more, no kidney diseases, ability to communicate, and
informed consent. Exclusion criteria were heart diseases,
cognitive impairments, taking any medication, and ankle joint
pain. After recruitment, the participants were evaluated for
urine protein concentration, blood pressure, body mass index
(BMI) and other demographic data. The data of the

Assessed for eligibility (n= 34)

completed participants are shown in Table 1. The
participants were re-confirmed for the absence of
nephrolithiasis and hydronephrosis with a Doppler
ultrasound. Before the interventions, the participants were
instructed to obtain enough sleep, refrain from drinking alcohol
for 12 hour, and not to consume any food within 90 minute.

Intervention

Before the intervention, the participants were asked
to rest in bed in supine lying position for 15 minute to
acclimatize themselves. Subsequently, the ultra-short term
HRYV parameters were measured for 2.5 minute followed by
the renal hemodynamics measurements. The participants in
the AAM group performed the combined active movements
of plantar flexion, dorsi flexion, inversion, and eversion at the
frequency of 60 times/minute for 15 minute, which have
been reported as the most effective procedures for improving
the femoral blood flow!*!. The control participants were
instructed to rest for another 15 minute. The renal
hemodynamics and HRV parameters were reassessed
immediately after the intervention.

Outcomes

The primary outcomes were renal hemodynamics
parameters. Doppler spectral analysis was applied to measure
the renal hemodynamics parameters (VF, PSV, EDV, and RI)
(Profound F75 continuous-wave ultrasound, Hitachi-Aloka).
The participants were requested to lie in bed in prone position
to expose posterior kidneys. The ultrasound with linear 4.4
to 13 MHz probe was placed between 12" thoracic vertebra
and 2™ lumbar vertebra at the position of the left kidney
(5 cm lateral to the spine). Each participant was examined
twice and mean of the parameters were recorded. All the
procedures were conducted by experienced radiologists.
The HRV parameters (LF, HF, LE/HF ratio, SDNN, RMSSD,
and pulse rate), as secondary outcomes, were measured with
uBioMacpa software version 1.0 (BioSense Creative Co.
Ltd, Korea) on the participant’s left index finger tips.
Data were automatically saved into a personal computer for
later analysis. Temperature and humidity in the experimental
room were set to 25°C and 60 to 70%, respectively. All the

Table 1. Basic characteristics of participants at baseline

—.| Exchoded due to kidney diseases (n=%) |
Randomized {n=26)

| (Atecion |

Allocated to control intervention (n=13)

Allocated o AAM intervention (n=13)

Received control intervention (n=13)
Analyzed (n=13)

Figure 1.

Received AAM intervention (n=13}

Analyzed (n=13)

Design and flow of participants through the
randomized controlled trial

52

Variable Control Active ankle
movements

Age (years) 65.0+1.1  66.5+1.7
Gender

Male 3 2

Female 10 11
Height (cm) 153.7+2.5 153.7+1.6
Weight (Kg) 56.9+3.0  59.0+2.7
BMI (kg/m?) 24.3+14  25.0+1.3
Systolic blood pressure (mmHg) 140.7+4.2 137.8+6.0
Diastolic blood pressure (mmHg) 76.1+3.2 77.1+3.8
Urine protein (mg/24 h) 47.9+18.0 27.9+7.1
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experiments were performed during the same period of
the day (between 1.00 to 4.00 PM) to avoid the effects of
circadian rhythm on HRVU9,

Sample size calculation

Having been allocated effect size of 1.20%), o-error
level (two-sided) = 0.05, 1-B error level = 0.8, sample size
per group was calculated by G*power program, providing n
=12/group.

Statistical analysis

If not specified otherwise, the data are expressed
as mean + SEM. Normality of sample data was tested by
Kolmogorov-Smirnov test. Means of two dependent and
independent groups were compared by paired t-test and
unpaired t-test, respectively. The level of statistical
significance was p<0.05. All data were analyzed by GraphPad
Prism (version 4.0 ¢ for Mac OS X; GraphPad Software,
USA).

Results
Baseline characteristics

Twenty-six participants completed the program
(control, n = 13 and AAM, n = 13). All participants had
normal BMI, high systolic blood pressure, and no kidney
diseases (urine protein concentration <80 mg/24 h). All basic
demographic data are shown in Table 1.

Active ankle movements increased renal arterial blood

flow

At baselines, VF values were not significantly
different between control and AAM groups (527.0+110.2
and 327.7+47.4 mL/min, respectively, p=0.06) (Table 2). At
the point of post-intervention, VF was not significantly

changed in control group. In contrast, VF of the AAM group
significantly increased from 327.7+47.4 to 402.7+56.5 mL/
min (p<0.05). However, there are no significant changes of
PSV, EDV, and RI in both control and AAM groups at the
respective post-intervention points.

Active ankle movements decreased low-frequency signal
of HRV and pulse rate

Atbaselines, LF values were not different between
control and AAM groups (5.51+0.21 and 5.21+0.22 ms?,
respectively, p = 0.18) (Table 2). At the point of post-
intervention, LF was not changed in control group. In contrast,
LF of AAM group significantly decreased from 5.21+0.22 to
4.85+0.15 ms? (p<0.05). Moreover, pulse rate in both
groups reduced from 67.7+2.9 to 65.2+2.6 beat/min in control
group and 65.4+1.3 to 63.8+1.3 beat/min in AAM group.
There are no significant changes of HF, LF/HF ratio, SSDN,
and RMSSD in both control and AAM groups at the
respective post-intervention points.

Discussion

The present study shows that the AAM improve
renal arterial blood flow probably by reducing renal
sympathetic inputs. Our conclusion is based on the following
findings: 1) the AAM increases VF and 2) the AAM reduces
the sympathetic tone as indicated by a decrease of LF value.
As the community-dwelling elderly population are relatively
less active and more vulnerable to physical injuries than
younger adults, light exercises are used to maintain their health
and quality of life"”. So far, various forms of the light exercises
such as walking and chair-based exercises have been shown
to improve joint mobility, body balance, and cardiovascular
fitness in elderly”!®. The AAM has been widely used as
prophylactic regimen against the risk of venous thrombosis

Tables 2. Renal artery and heart rate variability parameter measurements

Group/point of measurement

Control

Active ankle movements

Baseline Post-intervention Baseline Post-intervention

Renal artery parameter

VF (mL/min) 527.0+110.2 479.4+100.7 327.7+47.4 402.7+456.5*

PSV (cm/s) 55.1+4.8 50.3+4.2 43.4+2.5 44.7+1.9

EDV (cm/s) 15.4+1.8 16.2+1.7 12.8+1.1 13.8+1.2

RI 0.72+0.02 0.68+0.02 0.71+0.02 0.69+0.02
Heart rate variability parameter

InLF (ms?) 5.51+0.21 5.62+0.16 5.21+0.22 4.85+0.15*#

InHF (ms?) 5.09+0.21 5.21+4.2 5.03+0.27 4.86+0.19

LF/HF ratio 1.08+0.03 1.08+0.02 1.18+0.13 1.16+0.14

SSDN (ms) 33.6+3.9 36.9+3.7 31.0+2.6 29.3+2.6

RMSSD (ms) 29.3+4.0 32.2+3.7 27.6+3.3 25.8+2.3

Pulse rate (beat/min) 67.7+2.9 65.2+2.6" 65.4+1.3 63.8+1.3*

VF = volumetric arterial blood flow; PSV = peak systolic velocity; EDV = end diastolic velocity; RI = resistive index; InLF = natural
logarithm of low-frequency spectral power; InHF = natural logarithm of high-frequency spectral power; SDNN = standard deviation
of normal-to-normal intervals; RMSSD = root mean square of successive differences.

Data are presented as mean @ SEM. * p<0.05 versus respective baseline. # p<0.05 versus respective control
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as it was able to enhance blood flow in femoral veins up to
200%"°29. Moreover, Nagaya et al recently evaluated the
effect ankle passive movements in the community-dwelling
elderly people with a near infrared spectroscopy technique
and found that cerebral blood flow was significantly elevated
as indicated by an increase in oxyhemoglobin level in the
cerebral vessels®). The present study was first to demonstrate
a stimulatory effect of the AAM on VF, but not on PSV,
EDV, and RI.

The PSV and EDV are inversely proportional to
the cross-sectional area of the vessels. A reduction in PSV
and EDV are associated with an increase in the transmural
pressure across the vessels in hypertensive patients®?. In
the present study, the overall PSV values in the renal artery
of both groups ranged between 32 to 95 cm/s, which were in
the normal range (<120 cm/s)®. Consequently, the RI values
derived from the PSV and EDV (PSV-EDV/PSV) at baselines
and post-intervention points in both groups were also in the
normal range (<0.7)?¥. These findings point out that the
AAM are safe to enhance the RBF without affecting the
transmural pressure.

The RBF is regulated by the ANS particularly
sympathetic input as depicted the LF power®. In the present
study, apart from a decrease in the pulse rate, only the LF
component of the frequency domain decreased whereas the
HF and LF/HF ratio (a representative of sympatho-vagal
balance) were not significantly changed after the AAM®@.
Of note, our results showed that baseline LF/HF ratios in
both control and AAM groups were approximately 1 and
not significantly changed after the interventions. In cardiac
patients, values of LF/HF ratio higher than 4.8 correspond to
sympathetic predominance and those lower than 1.3 linked
to vagal modulation activity®®. Therefore, our elderly
participants in the present study were basically vagal
predominant. Even though the SDNN is a primary parameter
among other HRV power spectra, it has been reported that
LF is more sensitive to aging than SDNN©?. Most of the
elderly participants in the present study were female. In
general, the LF power spectrum in male is higher than in
female®. However, Voss and co-workers showed that this
difference disappeared upon the age of 55 years old®.
Therefore, an unequal number of male and female with the
group would not affect the values.

Conclusion

The present study demonstrates that the AAM
are beneficial for enhancing renal arterial blood flow in the
community-dwelling elderly individuals putatively by
reducing renal sympathetic tone. This might be applied to
the healthy elderly for preventing an age-related decline in
renal functions.

What is already known on this topic?

Active ankle movements are beneficial for
preventing deep vein thrombosis by increasing femoral
blood flow. In addition, cerebral blood flow can also be
improved.

54

What this study adds?

The community-dwelling elderly participants
performing the active ankle movements showed a significant
improved renal blood flow as well as reduced the fight-or-
flight responses. In long term, this light procedure of exercises
might be implemented to prevent the loss of renal functions
in elderly.
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