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Introduction
    

Acupuncture has been used to treat various 

diseases for thousands of years1). Nowadays, 

acupuncture treatment is applied to mediate the 

effects of a stroke, including hemiparesis,2) 

rigidity,3) and dysphagia.4) These therapeutic 

effects may be due to an increase in cerebral 

blood flow, as observed using positron emission 

tomography (PET), single-photon emission 
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computed tomography (SPECT), and transcranial 

doppler imaging techniques. 

In Traditional East Asian Medicine, the “Seven 
Acupoints for Stroke” are acupuncture points that 

are used to treat stroke symptoms. Although the 

composition of acupuncture points has changed 

over time, LI11 has always been included.5) 

Current studies indicate that LI11 acupuncture 

can improve symptoms and sequelae of stroke as 

a means of rehabilitation.6-7) Several clinical trials 

have been conducted to evaluate the effect of 

acupuncture treatment on motor recovery after 

stroke. In those clinical trials, LI11 is one of the 

most used acupuncture points with LI4, LI10, and 

GB34.8) The clinical mechanism of LI11 stimulation, 

however, is not clearly understood.

Some experiments have evaluated the effect of 

LI11 acupuncture on cerebral blood flow. Moon 

(2004)9) and Ryu (2006)10) used electroacupuncture 

at LI4-LI11 and used SPECT to verify changes in 

cerebral blood flow. They found cerebral blood 

flow improvement in the frontal and temporal 

lobes, which included anterior cerebral artery 

vessel territory. Cho (2010)11) conducted acupuncture 

at LI11-ST36 and used fMRI to examine the 

brain activating site. They found that acupuncture 

stimulation including LI11 activated the 

contralateral parietal lobe, midbrain, and nodule. 

However, the previous studies did not evaluate 

the effects of LI11 alone. Therefore, it is difficult 

to conclude that the above results are entirely due 

to LI11 acupuncture treatment.In this study, the 

effects of LI11 acupuncture on cerebral blood 

flow and carbon dioxide (CO2) reactivity were 

studied using transcranial doppler. Transcranial 

doppler was selected as it is an inexpensive, 

low-risk, and easy-to-administer bedside procedure.12) 

It can also noninvasively measure cerebral blood 

flow velocity in the main intracranial vessels with 

high accuracy.13) In addition, a previous study 

suggested that CO2 reactivity measured by 

transcranial doppler has a significant association 

with internal borderzone infarction of patients 

with internal carotid artery occlusion.14) In several 

previous studies, transcranial doppler was used to 

find alterations in cerebral blood flow after 

acupuncture stimulation to specific acupuncture 

points, namely GV20,15) GB20,16) ST36,17) and 

GB3418) which have been frequently used in 

acupuncture treatment for patients with 

cerebrovascular disease. The cerebral arteries, 

which showed significant changes according to 

the acupuncture points used in each study, 

differed,15-18) which is presumed to be the result 

of specificity of acupuncture points. Research on 

the specificity of the acupuncture point has been 

conducted in many ways, which might be 

valuable for enhancing practical acupuncture 

treatment.19)

Therefore, to investigate the possibility of LI11 

in acupuncture treatment for patients with 

cerebrovascular disease and specificity of LI11 on 

cerebral artery, this study was conducted to assess 

the effects of LI11 acupuncture on the cerebral 

artery using transcranial doppler.

Materials and Methods

1. Subjects and Acupuncture treatment 

at LI11  

This is a single center, before-and-after design, 

and pilot study. All study procedure was conducted 
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at Kyung Hee University Korean Medicine 

Hospital, Seoul, Korea. Ten healthy male subjects 

were enrolled in this study. Prior to the study, all 

subjects were informed of the procedures and 

signed a written agreement. Subjects who had a 

history of cerebrovascular, cardiovascular, or 

endocrine disease, diabetes mellitus, hypertension, 

or psychiatric problems and had any disease at 

the time of study were excluded. After 

enrollment, all subjects were forbidden to drink 

caffeine and alcohol or take any medicine 24 

hours before the study. 

All acupuncture treatment procedures were 

performed by a well-trained Korean medicine 

doctor with more than three years’ experience. 

The treated acupuncture point, LI11, is located on 

the dorsal radial side of the forearm, on the line 

connecting LI5 and LI11, 2 cm below the 

transverse cubital crease while the elbow is 

flexed. This landmark of LI11 location follows 

the WHO standard for acupuncture point 

locations (Figure 1). For LI11 acupuncture on the 

right side, a stainless-steel acupuncture needle 

(diameter 0.25 mm, length 40 mm; DongBang 

Acupuncture, Seoul, Korea) was used. Manual 

stimulation was used until subjects felt the De-Qi 

sensation. The needle was inserted into the skin 

to a depth of approximately 20 mm, and the 

needle was removed after 20 minutes. All 

procedures followed the Revised Standards for 

Reporting Interventions in Clinical Trials of 

Acupuncture (STRICTA,20) Table 1).

This study was approved by the Institutional 

Review Board at the Kyung Hee University 

Korean Medicine Hospital (KOMCIRB-2018 

-08-004-001).

Table 1. Acupuncture rationale and needling details according to the STRICTA guideline

Items Contents

1. Acupuncture rationale
1a) According to meridian theory of Traditional Korean medicine
1b) Based on historical context – Seven acupoints for stroke

2. Details of needling

2a) 1 needle
2b) Quchi (LI11)
2c) 20 mm
2d) De-qi sensation 
2e) Manual stimulation
2f) 20 minutes
2g) Stainless steel acupuncture (diameter 0.25 mm, length 40 mm, DongBang Acupuncture, 

Seoul, Korea)

3. Treatment regimen
3a) 2 sessions (once per week)
3b) Duration, 1 week

4. Other components of Treatment 4a) None

5. Practitioner background 5a) All acupuncture treatment was performed by one experienced Korean medical doctor

Fig. 1. Location of LI11
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2. Measurements and Statistical analysis

The process and sample size (n=10) of this 

study was based on previous studies that aimed to 

identify relationships between CO2 reactivity and 

other acupuncture points.15-18) For each process, 

cerebral blood flow velocity and CO2 reactivity of 

both anterior cerebral arteries and middle cerebral 

arteries were measured using a transcranial 

doppler machine (Multi-Dop X4 system, Compumedics 

DWL, Singen, Germany). 

Each subject was tested twice approximately 

one week apart. During the first visit, all subjects 

wore a measurement device (Figure 2) while in a 

comfortable supine position. Middle cerebral 

artery cerebral blood flow velocities were 

collected during both temporal windows using a 

2 MHz pulsed-Doppler probe. During the second 

visit, all subjects also wore a measurement device 

in a supine position and anterior cerebral artery 

cerebral blood flow velocities were collected 

using the same procedure. This measurement 

device consists of a removable bilateral probe 

holder (LAM-Rack; Compumedics DWL, Singen, 

Germany), and a probe settled at both temporal 

windows to maintain consistent data collection. 

Every cerebral blood flow measurement began 

after 5 minutes of quiet sitting. Cerebral blood 

flow velocities and CO2 reactivity of all anterior 

cerebral arteries and middle cerebral arteries were 

measured at rest, and then during 1 minute of 

hypocapnia induced by hyperventilation. 

Hyperventilation was induced by over-breathing. 

The strongest wave pattern was captured at 

depths ranging from 65 to 80 mm for anterior 

cerebral arteries and 45 to 60 mm for middle 

cerebral arteries. Sample and gain values were 

corrected and saved when cerebral blood flow 

wave patterns remained constant. Mean blood 

flow velocity was calculated continuously as the 

time-averaged maximum velocity over the cardiac 

cycle as computed from the envelope of 

maximum frequencies. Mean anterior cerebral 

artery and middle cerebral artery blood flow 

velocities were obtained at rest under stable 

normocapnic conditions, and near the end of the 

hyperventilation period under hypocapnic 

conditions. All transcranial doppler spectra were 

recorded for later review. 

Cerebral blood flow velocity is dependent on 

arterial CO2 tension, and corrected blood flow 

velocity was calculated at 40 mmHg of CO2 

tension (CV40, cm/s) using the following formula:

Fig. 2. Wearing a measuring tool, probe holder
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CV40 (Corrected Velocity at PETCO2 40 mmHg) 

= V1 · eb(PCO2 40mmHg-P1CO2) 21)

where b is CO2 reactivity, V1 is velocity at 

P1CO2, and PETCO2, is end-tidal CO2 partial 

pressure.

CO2 reactivity = 

CO2 reactivity refers to the percent change in 

mean blood flow velocity per millimetre of 

mercury change in PETCO2, as calculated by the 

above formula22) where Vrest is blood flow 

velocity at rest obtained during the most stable 

period under stable normocapnic conditions. 

Vhypocapnia is blood flow velocity in the latter half 

of the 1 minute hyperventilation period and Δ

PETCO2 is change in PETCO2 from baseline to 

maximal hyperventilation. CO2 reactivity is 

expressed as %/minute.

Using various modules of the Cardiocap S/5 

collector (Datex-Ohmeda, Helsinki, Finland), 

variables that can affect cerebral blood flow such 

as blood pressure, heart rate, PETCO2, and 

transcutaneous (tc) PO2 were measured. Blood 

pressure was measured three times at 2-minute 

intervals after the subject’s condition stabilized. 

Blood pressure values were all used to calculate 

mean blood pressure. Heart rate and tcPO2 were 

continuously recorded through an oximetry device 

located on the subject’s finger. Further, PETCO2 

was continuously obtained by a Cardiocap S/5 

collector-connected nasal prong located in the 

subject’s nostril, and each subject was instructed 

to breathe only through the nose during the 

procedure. A snapshot function in the Cardiocap 

S/5 collector program was used to obtain mean 

heart rate, PETCO2, and mean tcPO2 at specific 

time points during the procedure. These variables 

were monitored and recorded on a computer 

connected to the Cardiocap S/5 collector program. 

Before and after the 20-minute LI11 acupuncture 

treatment, all measurements were performed 

using the above tools. A timeline of the study 

procedure can be found in Figure 3.

Statistical analysis was performed using the 

Statistical Package for the Social Sciences version 

12.0 for Windows (SPSS, Chicago, Illinois, 

United States). Statistical comparisons between 

Fig. 3. Timeline of study procedure
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values before and after LI11 acupuncture treatment 

were made using the Wilcoxon signed-rank test, 

and p-values under 0.05 were considered 

statistically significant. Data are summarized as 

median (range).

Results

From October 2018 to September 2019, 10 

healthy male subjects (26.431.23 years) were 

recruited and investigated (Table 2).

1. Changes in CO2 reactivity after LI11 

acupuncture

When compared to baseline values, there was a 

statistically significant increase in CO2 reactivity 

of the contralateral anterior cerebral artery after 

LI11 acupuncture treatment (P = 0.036). However, 

there were no significant changes in ipsilateral 

anterior cerebral artery or middle cerebral artery, 

or contralateral middle cerebral artery CO2 

reactivity pre and post-treatment. There were also 

no significant changes in anterior cerebral artery 

or ipsilateral middle cerebral artery CV40 pre and 

post-treatment (Table 3). 

2. Changes in CV40, mean blood pressure, 

and heart rate

There was a significant decrease in contralateral 

middle cerebral artery CV40 (p=0.047). There 

were no significant changes in CV40 in both 

anterior cerebral arteries and ipsilateral middle 

cerebral artery as a result of treatment (Table 3). 

Mean heart rate was slightly increased and there 

was no significant difference in blood pressure 

(Table 3).

During the entire trial, no specific adverse 

events from acupuncture were identified.

Discussion

In this study, LI11 acupuncture treatment improved 

CO2 reactivity of the contralateral anterior 

cerebral artery and had no significant effect on 

CO2 reactivity in both middle cerebral arteries or 

the ipsilateral anterior cerebral artery. Only the 

CV40 of the contralateral middle cerebral artery 

decreased while no significant change in the both 

anterior cerebral arteries or ipsilateral middle 

cerebral artery was observed. 

Cerebral vasomotor reactivity was used to 

evaluate the compensatory potential of the vessels 

regulating blood flow to the brain, and is 

represented as the percentage change in response 

to an arteriolar-dilating stimulus such as CO2 or 

acetazolamide.23-24) In this study, the hyperventilation 

-induced hypocapnia method was applied to 

measure CO2 reactivity.22) Cerebral blood flow, 

through changing vessel diameter, can be divided 

into endothelium-dependent and non-dependent. 

Based on previous studies, cerebral blood flow 

and cerebrovascular reactivity (CVR) are regarded 

as being endothelium dependent.25-26) Endothelium 

-dependent cerebral blood flow regulation is 

induced by NO or Endothelin-1, which alter 

blood vessel diameter. Endothelium dependence is 

considered to be affected by acupuncture 

Table 2. Baseline characteristics

Items Contents

Sex (Male : Female) 10 : 0

Age (years, mean ±SD) 26.431.23

SD: Standard Deviation
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stimulation.

In the present study, we performed acupuncture 

treatment only on the LI11 of right side. 

Assuming that two LI11 points of the left and 

right side will have the same effect, the effect of 

acupuncture treatment on the ipsilateral and 

contralateral side was evaluated. Our results show 

increasing CO2 reactivity of contralateral anterior 

cerebral artery and no change in both middle 

cerebral arteries or ipsilateral anterior cerebral 

artery reactivity. CV40 of the contralateral middle 

cerebral artery significantly decreased, but CV40 

of both anterior cerebral arteries and ipsilateral 

middle cerebral artery did not change. A previous 

study used SPECT to show that LI4-LI11 

electroacupuncture improved cerebral blood flow 

in the frontal and anterior temporal lobes.9-10) 

These results are in accordance with the results of 

this study. The large intestine meridian to which 

LI11 belongs crosses from upper lip to the 

opposite side at the philtrum, and ends at the 

lateral side of the nose.5) This pathway is also 

consistent with the results of the present study, 

which showed an increase in CO2 reactivity of 

the contralateral anterior cerebral artery. Since 

reduction of CO2 reactivity measured by 

transcranial doppler is known to be significantly 

related to cerebral infarction of the corresponding 

vascular territory,14) this result suggests that LI11 

might be useful in the treatment of cerebral 

infarction in the anterior cerebral artery territory. 

In other studies,27-30) acupuncture treatments are 

known to induce intravenous cells recovery, 

increased blood flow through the expansion of the 

brain's blood vessels, and active nNOS. An 

experimental study using transcranial doppler 

showed differences in cerebral blood flow area 

that affects blood transfusion. A significant 

increase in CVR and CV40 levels in both middle 

cerebral arteries and anterior cerebral arteries has 

Table 3. Changes in Parameters before and after LI11 acupuncture

Parameters Vessels Before After p-value*

CO2 reactivity 
(%/minute)

Ipsilateral ACA 0.86 (0.56-1.87 / 0.95 ± 0.39) 0.86 (0.74-2.21 / 1.04 ± 0.44) 0.126

Contralateral ACA 1.05 (0.57-2.10 / 1.11 ± 0.41) 1.10 (0.85-2.80 / 1.26 ± 0.57) 0.036

Ipsilateral MCA 2.60 (1.65-3.33 / 2.59 ± 0.44) 2.47 (2.19-3.65 / 2.60 ± 0.47) 0.646

Contralateral MCA 2.20 (1.67-3.29 / 2.6 ± 0.47) 2.12 (1.77-3.47 / 2.46 ± 0.61) 0.575

CV40 (cm/s) Ipsilateral ACA 42.42 (34.03-68.17 / 46.33 ± 12.33) 44.65 (34.32-65.40 / 46.59 ± 10.80) 0.953

Contralateral ACA 49.76 (31.55-71.46 / 50.07 ± 14.02) 49.02 (34.45-73.76 / 50.59 ± 14.08) 0.575

Ipsilateral MCA 70.16 (59.37-83.91 / 71.73 ± 8.19) 67.41 (51.50-79.02 / 66.93 ± 8.57) 0.139

Contralateral MCA 67.41 (53.30-94.50 / 67.09 ± 13.30) 58.86 (50.25-78.95 / 62.49 ± 11.58) 0.047

Mean blood  pressure 
(mmHg)

90.67 (77.00-116.00 / 90.03 ± 10.14) 88.00 (74.67-114.67 / 89.24 ± 9.86) 0.135

Heart rate 
(bpm)

76.15 (56.00-99.00 / 75.23 ± 12.03) 77.40 (57.00-99.00 / 76.10 ± 11.81) 0.001

Values are median (range / mean ± standard deviation). 
ACA, anterior cerebral artery; MCA, middle cerebral artery.
CV40, modified blood flow velocity at PETCO2 = 40 mmHg.
bpm, beats per minute.
*p-values calculated by Wilcoxon signed-rank test.
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been observed during GV20 acupuncture.15) In a 

study of GB20 acupuncture in 2014,16) it was 

reported that cerebral blood flow of basilar artery, 

posterior cerebral artery, and vertebral artery 

increased. Because GB20 is located in the back 

of the cervix, it can affect posterior circulation. In 

a study of acupuncture at ST36,17) CVR of 

middle cerebral artery and basilar artery were 

significantly increased. In the case of GB34,18) 

CVR of ipsilateral middle cerebral artery was 

significant increased. In a study using conventional 

procedures, various changes in blood flow have 

been observed in different regions by stimulating 

different acupuncture points. These changes 

correlated with different acupuncture points and 

different acupuncture specificities indicating 

different cerebral activities. In a study using 

similar procedures, various changes in cerebral 

blood flow were observed according to the 

specificity of acupuncture points. 

There were a few limitations of the study. 

Based on the characteristics of the transcranial 

doppler test, training and repeated conditions may 

have influenced the experimental results. It is also 

a limitation that demographic characteristics such 

as history of smoking, caffeine usage, alcohol 

intake, level of physical activity, and recent 

experience of acupuncture have not been investigated. 

Since the order of measurement of middle 

cerebral artery and anterior cerebral artery has not 

been randomized, it might not be possible to 

exclude the carry-over effect of acupuncture. In 

the future study, it should be conducted with more 

subjects under limited conditions. This study has 

shown a significant decrease in contralateral 

middle cerebral artery CV40; However, unlike the 

CO2 reactivity of the contralateral anterior cerebral 

artery, which showed a significant increase, a 

significant decrease in CV40 of the middle 

cerebral artery is not supported by the results of 

previous studies.9-10) The results of previous 

studies using SPECT only showed improved 

cerebral blood flow in the frontal and anterior 

temporal lobes, but the blood flow velocity did 

not decrease in this area. Therefore, we concluded 

that a statistical bias induced by a small number 

of subjects may exist. As such, a larger study is 

needed to verify these results. Although the 

p-value of the change in heart rate was under 

0.05, it could be considered as insignificant. In 

most of the cases, the changes were within only 

one beat per minute (bpm). Therefore, it can be 

suggested that acupuncture on LI11 did not affect 

heart rhythm. Extended studies for different ages 

and genders should be conducted to support the 

conclusions of this study. Finally, future studies 

should be conducted on patients with cerebrovascular 

disease with impaired CO2 reactivity. Since this 

study has a process of inducing hyperventilation, 

it could not be conducted for patients with 

cerebrovascular disease who have a risk such as 

recurrence of cerebrovascular disease. Therefore, 

future studies need to use evaluation tools such as 

SPECT for patients with cerebrovascular disease.

Conclusions

Overall, this study has shown that LI11 

acupuncture treatment increased CO2 reactivity, 

specifically in the contralateral anterior cerebral 

artery, and decreased corrected velocity at PETCO2 

40mmHg in the contralateral middle cerebral 
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artery during hypocapnia in healthy subjects. 

These results indicate that LI11 acupuncture 

treatment might improve cerebral blood flow 

velocity by regulating endothelium-dependent 

vessel dilation in only the anterior cerebral artery. 
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