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Point combinations are commonly used in acupuncture to produce synergistic effects to enhance
therapeutic benefits. Shenmen (HT 7) and Tongli (HT 5) are located on the heart meridian, while Nei-
guan (PC 6) lies on the pericardium meridian. These acupoints lie close together and are all closely
related to heart function. Heart rate variability (HRV) analysis is a simple noninvasive technique used
to evaluate the function of the autonomic nervous system. The present study sought to investigate the
differences in HRV among patients stimulated at HT 7 alone; HT 7 and HT 5; and HT 7 and PC 6. We
designed a crossover clinical study and recruited a total of 20 healthy volunteers. All subjects received
4 experimental sessions that included sham acupuncture (SA); verum acupuncture at HT 7; verum
acupuncture at HT 7 + HT 5; and verum acupuncture at HT 7 + PC 6. HRV analysis was recorded
before, during, and after each acupuncture session. Results indicated that the InLF and InVariance
components of HRV were lower at 20 min post acupuncture in the HT 7 and HT 7 + HT 5 sessions
than in the SA session; no similar results were noted in the HT 7 + PC 6 session. Both acupuncture
at HT 7 alone and at HT 7+ HT 5 produce similar effects on the InLF and InVariance components of
HRV. The effects of acupuncture at HT 7 may be counteracted by adding PC 6, suggesting that HT 7
and PC 6 may have antagonistic effects on sympathovagal balance. In order to enhance the efficacy of
point combinations, the points selected should not lie close together along the same meridian and also

should not lie close along neighboring meridians.
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Introduction

Acupuncture has been used to treat diseases in
China for many centuries. According to practitioners
of Traditional Chinese Medicine (TCM) and a num-
ber of modern meridian researchers, the meridian
system in humans connects the various parts of the
body, including the viscera, body surface, extremities,
joints, and muscles. This system helps to maintain
the physiological and functional balance between
the internal organs and other parts of the body'.
Many researchers suggest that acupuncture produces
analgesic or therapeutic effects via the autonomic
nervous system, the humoral system, or the immuno-
endocrine system, which transmit acupuncture signals
to the brain™*”.

Heart rate variability (HRV) analysis is a sim-
ple, noninvasive, quantifiable, and widely accepted
method for investigating autonomic nervous function,
including sympathetic and parasympathetic activity.
HRYV analysis may be used to monitor patients with
myocardial infarction or diabetes mellitus to prevent
sudden death®. Frequency domain analysis of HRV
primarily includes high-frequency (HF) and low-
frequency (LF) components. Many studies regard the
HF component as closely related to vagal activity,
whereas the LF component reflects both sympathetic
and vagal activity”*’. HF % is an indicator of para-
sympathetic activity, and the LF/HF ratio reflects the
balance of sympathovagal or sympathetic activity and
parasympathetic activity'’. In terms of the dynamic
balance between yin and yang in the human body in

TCM, yang may correspond to sympathetic activity

and yin may reflect parasympathetic activity''. Some
researchers have reported that acupuncture may serve
to regulate autonomic nervous function, including
sympathetic and parasympathetic activity'>'>'4'>'%17,

Point combination is a technique commonly
used in acupuncture for the treatment of diseases. It
involves the use of two or more acupuncture points
located either on the same meridian or on different
meridians to induce a synergistic therapeutic effect
18192021 " Shenmen (HT 7) is an acupoint located on
the palmar side of the wrist at the ulnar end of the
transverse crease of the wrist. It is the source point of
the heart meridian and acts to calm the mind. Tongli
(HT 5) is located 1 cun proximal to the transverse
crease of the wrist; it is the connecting point of the
heart meridian and acts to quiet the spirit and stabilize
the mind®. Neiguan (PC 6) is located 2 cun above
the transverse crease of the wrist; this acupoint is the
connecting point of the pericardium meridian and
may play an important role in the treatment of vis-
ceral disorders™. All three points are closely related
to heart function; it has been suggested that they have
synergistic effects on the heart®”. The difference in
physiological function between point combinations
along the same meridian and point combinations us-
ing different meridians has, however, been unclear
until now. The purpose of the present study was to
compare the differences between a point combination
using the same meridian and a combination using
different meridians. Verum acupuncture was applied
to HT 7 alone, HT 7 and HT 5 simultaneously, and
HT 7 and PC 6 simultaneously. HRV was recorded

before, during, and after the acupuncture sessions,
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and the HRV components were analyzed.

Materials and Methods

Subjects
A total of 20 healthy adult volunteers between

the ages of 20 and 40 years were recruited and
studied. Exclusion criteria included cardiac isch-
emia, heart failure, severe arrhythmia, renal failure,
chronic obstructive pulmonary disease, neurological
abnormalities, pregnancy, and cardiac pacemaker
implantation. Subjects who had received acupuncture
treatment in the week prior to the test were also
excluded. In addition, the use of coffee, tea, and
drugs that affect heart rate, such as atenolol (Tenor-
min) and propranolol (Inderal) was prohibited dur-
ing the 24 hours prior to the experiment. The study
was approved by the institutional review board of
the China Medical University Hospital (Taichung
City, Taiwan), and informed consent regarding the
experimental procedures and purpose was obtained
prior to the study.

The location of the acupoints was confirmed
and needle insertion performed by a qualified and
experienced practitioner of Chinese Medicine. The
experiment was performed in a quiet room with a
consistent temperature of 25 + 1°C between the hours

of 8:00 a.m. and 12:30 p.m.

Experimental Procedure

This experiment was designed as a crossover
study according to the order of number and session.
Each subject was required to complete four acu-
puncture sessions as follows: sham acupuncture
(SA); verum acupuncture at HT 7 alone (HT 7);

verum acupuncture at HT 7 and HT 5 simultaneously

(HT 7 + HT 5); and acupuncture at HT 7 and PC 6
simultaneously (HT 7 + PC 6). A period of at least 7
days was allowed to elapse between acupuncture ses-
sions to prevent residual effects from the needling.
Each session was divided into a pre-acupuncture
period, i.e., a baseline period (BP); an acupuncture
period (AP); and a post-acupuncture period (PP).

Each period was 25 min in duration.

HRYV Analysis Recordings
HRV was recorded using a HRV analyzer (WG-

MD-ANSAO1 HRV analyzer, WeGene Technologies
Inc., Jonghe City, Taiwan). Subjects were asked to
lie on a bed in the supine position. The electrodes
were placed on the subjects’ right and left forearms
and right lower leg. The signal was processed and
stored by fast Fourier transform (FFT), in which the
HRYV analyzer converted time domain signals into
frequency domain signals. The HRV analysis in the
present study used frequency domain analysis with
5 min of short-term recording. Frequencies of 0.15 ~
0.40 Hz were defined as high frequency (HF); 0.04
to 0.15 Hz as low frequency (LF); and 0.003 ~ 0.04
Hz as very low frequency (VLF). The area under the
curve of the power spectrum analysis was regarded
as the absolute power of the frequency response;
the total area under the curve was defined as the to-
tal power (TP). The variance of R-R intervals over
temporal segments and normalized unit and natural
logarithms were also investigated.

During the SA sessions, the baseline HRV was
recorded 20 min after the subjects had rested in a
relaxed state in the supine position. These were con-
sidered baseline recordings (BP). The electrode tape
was subsequently placed on the skin surface of the

HT 7 acupoints on the right and left hands; however,
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no electronic or acupuncture stimulation was per-
formed. HRV analysis was recorded 10 min and 20
min respectively after the electrode tape was placed
for acupuncture period 1 and 2 recordings (AP1 and
AP2). The electrode tapes were removed immedi-
ately after the AP2 recordings, followed by HRV
recordings 10 min and 20 min after the electrodes
had been removed. These were defined as post-
acupuncture period 1 and 2 recordings (PP1 and PP2)
(Figure 1).

During the HT 7 sessions, the baseline HRV (BP)
was recorded 20 min after the subjects had rested in
a relaxed state on the bed in a supine position. The
baseline recordings were followed by the insertion of
stainless steel acupuncture needles (5.0 cm, 32-gauge,
Yu Kuang, Taiwan) into the HT 7 acupoints on the
right and left hands. The needles were twisted manu-
ally in order to elicit de gi, the sensation felt when the
acupuncturist reaches the level of gi in the body. The
subjects experienced soreness, numbness, swelling,
and heaviness, while the acupuncturist experienced
a sensation of needle resistance. HRV was recorded
10 min and 20 min respectively after de gi had been

obtained. These were defined as acupuncture period

Baseline period

Acupuncture period

1 and 2 recordings (APl and AP2). The acupuncture
needles were removed immediately after the AP2 re-
cordings. Removal was followed by HRV recordings
taken 10 min and 20 min later; these were defined as
post-acupuncture period 1 and 2 recordings (PP1 and
PP2) (Figure 1).

During the HT 7 + HT 5 sessions, the baseline
HRVs (BP) were recorded 20 min after the subjects
had rested in a relaxed state on the bed in the supine
position. The baseline recordings were followed by
the insertion of stainless steel acupuncture needles
(5.0 cm, 32-gauge, Yu Kuang, Taiwan) into the HT
7 and HT 5 acupoints on the right and left hands.
The needles were twisted manually until de gi was
obtained. HRV was recorded 10 min and 20 min after
obtaining de qi; these were defined as acupuncture
period 1 and 2 recordings (AP1 and AP2). The
acupuncture needles were removed immediately after
the AP2 recordings and followed by HRV recordings
10 min and 20 min respectively after needle removal.
These were defined as post-acupuncture period 1 and
2 recordings (PP1 and PP2) (Figure 1).

During the HT 7 + PC 6 sessions, the baseline
HRVs (BP) were recorded after the subjects had rested

Post-Acupuncture period

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 min
T AN i) T A i 4
HRV Al HRV HRV AO HRV HRV

Fig. 1. Experimental procedure. The experiment divided into baseline period (before acupuncture

stimulation), acupuncture period and post-acupuncture period (acupuncture needles were taken

away). Each period is 25 min. Rest: the subject placed in relaxed state on the bed with supine

position; HRV: heart rate variability analysis recordings; AI: acupuncture needles insertion; AO:

acupuncture needles were taken away.
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for 20 min in a relaxed state on the bed in the supine
position. These recordings were followed by the inser-
tion of stainless steel acupuncture needles (5.0 cm,
32-gauge, Yu Kuang, Taiwan) into the HT 7 and PC
6 acupoints on the right and left hands. The needles
were twisted manually until de ¢i was obtained. HRV
was recorded 10 min and 20 min after de gi had been
obtained. These were defined as acupuncture period
1 and 2 recordings (AP1 and AP2). The acupuncture
needles were removed immediately after the AP2 re-
cordings and followed by HRV recordings taken 10
min and 20 min respectively after needle removal.
These were identified as post-acupuncture period 1

and 2 recordings (PP1 and PP2) (Figure 1).

Statistical Analysis

The results in this study included absolute and
relative values. The absolute values included the
mean R-R interval (RRI), variance, TP, LF, and HF.
The relative values comprised LF%, HF%, and the
LF/HF ratio. According to previous studies, the dis-
tribution of the original values of TP, LF, HF, LF/HF
ratio, and variance were seriously skewed. If the
original detective values were converted and modi-
fied into natural logarithms (Ln), they were no longer
skewed. The values of TP, LF, HF, LF/HF ratio and
variance were therefore converted into natural loga-
rithmic forms for analysis in this study to correct
possible skew. They were expressed as InTP, InLF,
InHF, InLF/HF, and InVariance. The distribution of
LF% and HF% was similar to normal distribution, so
the original relative values were used. All values of
the detective index were represented by the mean +
SE. Repeated-measures analysis of variance (ANO-
VA) using the GLM procedure was used to assess the

differences among the different tests, and Duncan’s

new multiple range test (MRT) was used to compare
the significance of the differences in each test. A two-
sided P value, P < 0.05, was considered the basis of

significant differences.

Results

Demographic data of the subjects
A total of 22 healthy subjects volunteered for

the study; two were excluded due to suspected cardi-
ac arrhythmias. Twenty (14 female and 6 male) sub-
jects completed the present study. Their ages ranged
from 22 to 33 (mean + standard deviation; 26 + 0.9);
average body height was 165.2 + 1.9 cm and average
body weight was 57.7 = 2.2 kg. The average body
mass index (BMI) was 21.0 + 0.5.

The effects of SA, acupuncture at HT 7
alone, acupuncture at HT 7 + HT 5, and
acupuncture at HT 7 + PC 6 on HRV
analysis

In the mean RRI component of HRV, the changes
of the RRI component in the BP, AP1, AP2, PP1, and
PP2 recordings were similar among the SA, acupunc-
ture at HT 7, acupuncture at HT 7 + HT 5, and acu-
puncture at HT 7 + PC 6 sessions (all P> 0.05, Table 1).

In the InLF and InVariance components of HRV,
the changes in the InLF and InVariance components in
the PP2 were greater in the SA session than in the HT
7 and HT 7 + HT 5 sessions (P < 0.05, Table 1). The
InLF and InVariance components in the BP, AP1, AP2,
and PP1 were similar among the SA, HT 7, HT 7 +
HT 5, and HT 7 + PC 6 sessions (all P> 0.05, Table 1).

In the InHF, InLF/HF, LF%, HF%, and InTP
components, the changes in InHF, InLF/HF, LF%,
HF%, and InTP components in the BP, AP1, AP2,
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Table 1. Effect of sham acupuncture, Acupuncture at HT7, Acupuncture at HT7+HTS5, Acupuncture at

Acupuncture with points combination on heart rate variability

HT7+PC6 on heart rate variability (n=20)

C Time SA HT7 HT7+HTS5 HT7+PC6
RRI BP 859.20+28.93 847.35+18.16 853.35+25.09 843.35+25.44
AP1 887.35+£28.09 878.75+£19.56 891.15+£27.76 882.10+£29.98
AP2 900.75+27.06 888.40+20.66 903.95+26.40 904.25+£31.27
PP1 904.75+26.00 896.60+£20.47 904.45+28.35 892.90+30.34
PP2 907.45+28.41 876.40+£21.58 914.50£28.43 888.20+28.15
InLF BP 5.83+0.25 5.92+0.25 5.80+0.21 6.04+0.28
(ms) AP1 6.27+0.18 6.06+0.20 6.23+0.25 6.25+0.19
AP2 6.40+0.22 6.28+0.20 6.46+0.22 6.26+0.21
PP1 6.34+0.21 6.17+0.25 6.35+0.20 6.27+0.20
PP2 6.64+0.20 6.15+£0.23* 6.16+£0.16* 6.33+0.19
InHF BP 5.67+0.28 5.58+0.26 5.57+0.25 5.55+0.28
(ms) AP1 5.86+0.22 5.82+0.22 5.89+0.26 5.87+0.25
AP2 5.93+0.23 5.81+0.23 6.22+0.24 5.83+0.24
PP1 6.02+0.26 6.00+0.22 6.02+0.20 5.86+0.28
PP2 5.98+0.23 5.76+0.24 5.86+0.17 5.87+0.26
InLF/HF BP 0.21+0.21 0.34+0.12 0.23+0.18 0.49+0.18
(ratio) AP1 0.41+0.20 0.24+0.14 0.34+0.14 0.38+0.19
AP2 0.47+0.18 0.47+0.14 0.24+0.14 0.43+0.15
PP1 0.33+0.21 0.17+0.16 0.32+0.15 0.42+0.19
PP2 0.66+0.22 0.39+0.18 0.30+0.15 0.46+0.21
LF % BP 46.09+4.56 49.95+2.80 47.01£3.74 52.82+3.76
AP1 51.74+4.19 48.13+£3.09 49.89+3.06 51.21+4.09
AP2 53.86+3.89 53.03+3.00 48.72+3.24 52.09+3.46
PP1 48.73+£3.74 46.36+3.58 50.38+3.27 51.77+4.06
PP2 56.85+4.17 50.26+3.86 49.55+3.52 52.66+4.35
HF % BP 40.80+£3.65 36.22+2.18 38.46+2.95 33.90+2.87
APl 35.81+3.29 39.29+2.80 36.08+2.47 35.40+3.22
AP2 34.242.94 3491+2.16 38.31+2.59 33.91+2.54
PP1 37.82+2.87 37.32+2.50 37.19+2.63 34.84+3.19
PP2 31.57+3.22 34.45+2.78 36.88+2.63 34.125+£3.42
InVar BP 7.57+0.20 7.43+0.20 7.46+0.17 7.48+0.19
AP1 7.63+0.18 7.53+0.20 7.65+0.16 7.81+0.15
AP2 7.74+0.19 7.66+0.18 7.88+0.19 7.78+0.15
PP1 7.81£0.18 7.67+0.17 7.97+0.17 7.68+0.18
PP2 8.04+0.18 7.58+0.18* 7.69+0.16* 7.87+0.18
InTP BP 7.34+0.22 7.32+0.21 7.23+0.17 7.36+0.21
AP1 7.54+0.19 7.47+0.20 7.62+0.18 7.76+0.15
AP2 7.64+0.20 7.57+0.18 7.87+0.18 7.69+0.19
PP1 7.69+0.20 7.63+0.18 7.78+0.18 7.59+0.18
PP2 7.97+0.20 7.56+0.20 7.64+0.17 7.77+£0.20

Data represent as mean =+ standard error. SA: Sham acupuncture; BP: HRV analysis recordings of baseline period; AP1:
HRYV analysis recordings at 10 min of acupuncturing period; AP2: HRV analysis recordings at 20 min of acupuncture
period; PP1: HRV analysis recordings at 10 min of post-acupuncture period; PP2: HRV analysis recordings analysis 20
min of post-acupuncture period

In: natural logarithm; RRI: mean R-R interval; LF: low-frequency; HF: high-frequency; Var: Variance of RRI; TP: total
power. Repeated measures ANOVA of GLM procedure was used to assess the differences of different tests, and Dun-
can’s multiple range tests was used to compare the significance of the differences in each test. Two-sided, *P <0.05
compared to SA.
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PP1, and PP2 recordings were similar among the SA,
HT 7, HT 7+ HT 5, and HT 7 + PC 6 sessions (all P
> (.05, Table 1).

Discussion

Our results indicate that acupuncture at HT 7
alone and acupuncture at HT 7 + HT 5 reduced the
InLF and InVariance components of HRV analysis
at 20 min in the post-acupuncture period; that is,
20 min after the acupuncture needles had been re-
moved, whereas acupuncture at HT 7 + PC 6 did
not produce this effect. These results suggest that
acupuncture at HT 7 alone and acupuncture at HT
7 + HT 5 may affect the sympathovagal balance,
because the InLF component of HRV analysis is the
best predictor of sympathovagal balance®. The InLF
component of HRV analysis is generated from the
feedback mechanism of the baroreceptor reflex loop
and may predict mortality and aging®. InVariance
represents the natural logarithms of variance of the
R-R intervals®’. Both HT 7 (Shenmen) and HT 5
(Tongli) are located on the same heart meridian and
the distance between them is only 1 cun; we therefore
suggest that the physiological functions of HT 7 and
HT 5 are similar, resulting in a point combination that
did not have a prominent enhancing effect.

Our results leave one question requiring clari-
fication, namely why the point combination of HT
7 and PC 6 (Neiguan) did not reduce the InLF
component of HRV analysis in the same manner
as acupuncture at HT 7 alone. PC 6 belongs to the
pericardium meridian, whereas HT 7 belongs to the
heart meridian. Both points have a close relationship
to the heart. The results of the present study indicate

that acupuncture at HT 7 + PC 6 opposes the action

of acupuncture at HT 7 alone, in terms of the InLF
component of HRV analysis. These results suggest
that antagonistic actions are generated on the heart
when HT 7 and PC 6 are stimulated simultaneously.
We infer that acupuncture at HT 7 alone reduces
the modulation of sympathovagal tone, whereas
acupuncture at PC 6 just happens to oppose the action
of acupuncture at HT 7. Acupuncture at PC6 increases
the modulation of parasympathetic activity'>. Li ez al.
(2002) found that acupuncture at PC 6, at HT 7, or at
BL 15 alone may shorten the duration of arrhythmia
in aconitine-induced ventricular arrhythmia in the
rabbit, but this action disappears when acupuncture
is applied to PC 6, HT 7 and BL 15 simultaneously™.
Together with previous findings, this report suggests
that point combinations may act via the central
nervous system, autonomic system, neurotransmit-
ters, endocrine hormones, or immune system activity
to produce complex physiological results®. In this
study, HRV analysis was used as an assessment tool
to investigate the effectiveness of acupuncture at HT
7 alone, acupuncture at HT 7 + HT 5, and acupunc-
ture at HT 7 + PC 6. These combinations could not
fully reflect all physiological phenomena in humans.
HT 7 is the source point of the heart meridian; it
may be effective in treating diseases of the viscera
because it lies at a position on the body surface that
accepts the vital energy (gi) of the internal organs,
according to TCM theory. Therefore, acupuncture at
HT 7 possibly produces a maximal effect, with the
result that no prominent synergistic action of HTS
was observed. Our results also indicate that acupunc-
ture at HT 7 alone and acupuncture at HT 7 + HT 5
reduced the InLF component of HRV analysis 20 min
after the acupuncture needles were removed, possibly

because discomfort on insertion or emotional tension
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in the subjects caused a temporary increase in sym-
pathetic activity. This effect may delay the effects
of acupuncture but requires further study. The point
combination of HT 7 and PC 6 had no significant
effect on HRV components during and after the trial
which is the same as the sham group might be due to
the magnitude of changes are under detectable limit
of HRV instrument. Furthermore, either HT 7 alone
or other point combination groups had no significant
effect on HRV components during the trial enhance
out impression about the sensitivity of this doubtful
tool or poor quality of assessment. Although the
aging on gender difference had been reported in HRV
study”, we consider that cannot affect our results
because the present study is a cross over design,
therefore, the number of female and male is identical
in each session.

In conclusion, both acupuncture at HT 7 alone
and acupuncture at HT 7 + HT 5 produce similar
reductions in the InLF component of HRV. This
action of acupuncture at HT7 may be counteracted
by the addition of PC 6, suggesting that HT 7 and PC
6 possibly generate an antagonistic action between
them on sympathovagal balance. In order to enhance
the physiological effects of point combinations, the
points selected should not lie close together along
the same meridian and also should not lie close along

neighboring meridians.
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#tRITRFY (HT7) B2 (HTS) fifP9-REE
(PC6) BHIEEADERESEEFTARNE

BI85 2 BEG  TRIB Y B B FBR

' PEBEABDEBESHIEA &P 58

»

HEBBOOISKEDRT 57 O
BB MIERERRD 68 @ S
‘RSB A BB TR > 5D O
S ST A BN A B

‘PEBRABPBER 5P S
 PEIBEARS ST - BP HE
‘PHBERABHIIRDD - 5P 578

(98F 04820 HZIE 98 F 09 B 21 BIESHIE, )

FREFPFRARAKRAL BT B rce # P (HT7) fed 2 (HTS) Brwig > ap

B O(PC6) Brtw & i o it X2 M2 d cnhiTa 2 MBCRALFH - S FRER
(heart rate variability * HRV) 4 17 8- fafj ¥ & &= fhengpmph & * 30 g &40 (g % boenst it

i oo AT P i BEREHETA P oA P 2 UEA PR BEHHRVIEY 2T W o
A0 LR B OREF R - B (crossover) Y 0 AT e iR R L AT (sham
acupuncture ) ~ AH AN PP s AR IR PP e 2oy AR TR Ao BE B w fBiRER o AT S £
AP 418 0 W HRVA 7 £ 0 B % B 44714 P fos {4 4ol B 238% 2. HRV#InLF
(low frequency ) frinVariance > & fr4- §|B~ 4+ {5204 45 PF v A T1385 11 5 40 PP 4e o B 325 B

AR e & o H TR P e £ {14 Ao il 25 $FHRV <hinLF{rinVariance = 4 & 2 4p
DL o AEPIA PR T oA e A RIS dopt R PR o B R sk AR T2
THFA A T ApFESLDIT R o FL LT BiEfe R gt 2R R ERAPR R AP R T APRIT

IR e

RASEE : 3 RER S EP AP (HT7) ~&€ 2 (HTS) ~p B (PC6) ~ fie R

BHgA 0 BER - BB E LR EETL - 40447 BB R 2 5% 0 i ¢ 04-22053366 431 3609
HE :04-22035191 > B TSR ¢ clhsich@mail.cmuh.org.tw



