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Effect of Non-perceptual Sensory Stimulation Intensity Using Transcutaneous Electrical Nerve
Stimulation on Cerebral Blood Flow
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Abstract

In this study, we aimed to determine the effect on cerebral blood vessels of various stimulus intensities using
transcutaneous electrical nerve stimulation (TENS). In particular, we wanted to monitor changes in blood flow and
structural changes in the blood vessels in the common carotid artery (CCA) through low-intensity electrical
stimulation that can cause non-perceptual sensory stimulation. Twenty-four healthy adults in their 20s participated
in this study. Three stimulus intensities (below the sensory threshold, at the sensory threshold, and above the
sensory threshold) were applied in random order. Changes in blood flow velocity according to the intensity of TENS
stimulus were measured by placing the Doppler ultrasound transducer 1 cm below the CCA bifurcation, and the
vascular structure was measured using B-mode imaging. C-mode Doppler and B-mode images were acquired before,
during, and after the intervention for each stimulus, and changes in blood pressure were measured in each session.
As a result, it was confirmed that peak systolic velocity (PSV) decreased significantly after the intervention in
non-perceived sensory stimulation below the threshold, compared to other thresholds (p = .008). In particular, the
PSV decreased by 3.04% on average compared to before stimulation (p = .011). However, there was no significant
change in the CCA diameters before and after stimulation at all intensities. It was found that short-term,
non-perceptual sensory stimulation was effective in reducing the blood flow rate without causing significant changes
in either the blood vessel diameter or blood pressure. This change appears to be caused by a decrease in blood
flow due to the effect of subtle vasodilation at non-perceptual sensory stimulation, and at stimulation intensity
higher than that, the sympathetic nerves in the blood vessels are stimulated excessively and the blood vessels
constrict. Therefore, this study can be rated as an important attempt to control blood flow through stimulation

without such a psychological burden and sensory discomfort in the carotid area.
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Table 1. General characteristics of participants (n = 24)

Variables Mean + SD Variables Mean = SD

M : F (N) 11 :13 |SBP (mmHg) 112.09 + 6.79
Age (years) 22.83 + 1.82 |DBP (mmHg) 67.52 + 4.94
Height (cm) 16833 + 6.45| HR (bpm)  69.13 + 8.28
Weight (kg) 61.42 + 9.39 | BMI (kg/m?) 21.55 + 1.96

Abbreviations: BMI, body mass index; DBP, diastolic blood
pressure; HR, heart rate; SBP, systolic blood pressure.
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Fig. 1. Ultrasound acquisition protocols in pre, during, and post TENS stimulus
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Table 2. Comparison of PSV (cm/s) changes during pre-task, task and post-task at each intensity level
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Repeated Measure Comparisons Post Hoc Comparisons (Tukey)
Variables Mean + SD F p Variables T p

PRE 96.1 + 14.9 PRE-TENS 2.64 0.038

High THRES TENS 942 + 14.5 1.53 0.231 PRE-POST 1.08 0.534
POST 944 + 129 TENS-POST -0.36 0.933

PRE 93.7 £ 13.9 PRE-TENS -0.18 0.983

THRES TENS 93.7 + 14.2 0.03 0.942 PRE-POST 0.06 0.998
POST 92.8 + 14.2 TENS-POST 0.29 0.955

PRE 945 + 14.1 PRE-TENS 2.00 0.134

Low_THRES TENS 93.1 + 12.6 6.38 0.008* PRE-POST 3.18 0.011%*
POST 90.8 £ 11.9 TENS-POST 1.91 0.157

Abbreviations: POST, post task; PRE, pre task; THRES, threshold.

Table 3. Comparison of the changing rate (pre - post) in PSV at each stimulation

Repeated Measure Comparisons

Outcome Variable Variables ADIFF + SD (%) I p
High THRES -1.11 +£ 7.55
PRE - POST THRES 0.71 + 13.49 1.21 0.300
Low_THRES -3.04 + 6.20

Abbreviations: DIFF, difference value; POST, post-task; PRE, pre-task; THRES, threshold.
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Table 4. Comparison of the systolic and diastolic vascular diameter between pre and post at each stimulation

Variables Mean + SD T p
. PRE 5.85 + 039
High THRES -0.79 0.438
POST 5.89 + 0.53
i i PRE 5.97 + 0.62
Systolic Diameter THRES 115 0266
(mm) POST 5.87 + 0.57
Low_THRES PRE 5.88 + 0.54
- 0.57 0.575
POST 5.85 + 0.52
PRE 6.58 + 0.54
High THRES 0.56 0.582
POST 6.55 + 0.64
i i i PRE 6.65 + 0.68
Diastolic Diameter THRES 1.06 0302
(mm) POST 6.59 + 0.65
PRE 6.64 + 0.65
Low THRES 1.11 0.282
- POST 6.56 + 0.52
Abbreviations: POST, post-task; PRE, pre-task; THRES, threshold.
Table 5. Comparison of the systolic and diastolic blood pressure between pre and post at each stimulation
Variables Mean + SD T p
) PRE 107.42 + 23.87
High THRES -0.17 0.870
POST 107.50 + 24.18
i PRE 107.88 + 23.86
Systolic blood pressure THRES 025 0.802
(mmHg) POST 108.00 + 24.06
Low THRES PRE 107.50 + 23.80
-0.11 0.917
POST 107.54 + 23.67
PRE 64.71 + 14.64
High THRES 0.00 1.000
POST 64.71 + 14.62
iastoli PRE 64.92 + 14.65
Diastolic blood pressure THRES 048 0.637
(mmHg) POST 65.21 + 14.95
PRE 64.58 + 14.48
Low THRES 0.35 0.732
- POST 64.50 + 14.61

Abbreviations: POST, post-task; PRE, pre-task; THRES, threshold.
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