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Background: In intensive care units, mechanical ventilation is an important therapy to help patients with dysp-
nea. However, long-term ventilator dependence would consume huge medical resources and increase the risk of
morbidity and mortality. The aim of the study was to examine the efficacy of the acupuncture combined with
western medical care on ventilator parameters in ventilator-dependent patients.

Methods: In this clinical trial, 80 ventilator-dependent patients aged 20 to 80 years old were randomly assigned
to acupuncture group and control group in the respiratory care center (RCC) of Changhua Christian Hospital.
Besides regular medical care and therapy, participants in the acupuncture group received acupuncture therapy at
the same 17 acu-points for 20 minutes once a day, a total of 12 sessions. The ventilator parameters were recorded
to evaluate the respiratory efficiency for all participants. The primary outcome was rapid shallow breathing index
(RSBI), and secondary outcomes were respiratory rate (RR), tidal volume (TV) and ventilation per minute (MV),
Results: Though there was no significant difference in the parameter between the acupuncture group and the
control group, we found the trend of decreasing RSBI in the acupuncture group. In subgroup analyses, the mean
of RSBI significantly decreased 16.02 (with the SD in 60.84) in acupuncture group, while it increased 17.84 (with
the SD in 39.38) in control group (p=0.036) after 12 sessions.

Conclusion: Acupuncture treatment can improve breathing ability of patients with respirator dependence in
respiratory care center.

dence on ventilation.® Patients who continuously use ventilation over
21 days will be classified as long-term ventilation-dependent patients.

1. Introduction

In intensive care units, mechanical ventilation is an important ther-
apy to help patients with dyspnea. However, long-term dependence on
ventilators would consume huge medical resources and endanger the
patient’s physical and psychological state, increasing risk of morbid-
ity and mortality.'~* Mechanical ventilation is applied to support the
respiratory function of patients with critical dyspnea. Ventilator Wean-
ing refers to the process of patient’s breathing state change from de-
pending mechanical ventilation to on their own. Ventilator weaning
costs generally 7 days. However, there are 20 %~30 % patients en-
counter difficulty to detach from ventilation, repeated ventilator wean-
ing failure, and various side effects accompanied by long-term depen-

And the situation mentioned above are defined to ventilator weaning
failure.®

In view of so many complications and trouble from long-term use of
ventilation, we hope to promote the combination with western medical
care and medical acupuncture therapy on the ventilator parameters in
ventilator-dependent patients.

According to ancient Chinese Medicine Books such as Huangdi Nei-
jing (The Yellow Emperor’s Internal Classic) and The Great Compendium
of Acupuncture, there are numerous theory indicating that acupuncture
can be an alternative and adjuvant therapy for complications of lung.”
Previous retrospective observational study indicate that acupuncture is
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conducive to wean mechanical ventilation.® However, prospective stud-
ies on the effect of acupuncture on weaning are still lacking.

Weaning from the ventilator as soon as possible is an issue of great
clinical concern. The purpose of this research was to compare the ef-
fect of patients who received acupuncture treatment along with regular
western medicine treatment and the patients who received only regular
western medicine treatment in the RCC of Changhua Christian Hospital.

2. Methods

This study employed a randomized controlled trial design. The study
was conducted from January 2020 to December 2020, at the Respiratory
Intensive Care Unit (RCC) of Changhua Christian Hospital, Changhua,
Taiwan. The reporting of this study followed the CONSORT guidelines.

2.1. Trial design

We recruited volunteers who were eligible for admission from the
respiratory care center (RCC) of Changhua Christian Hospital used ven-
tilators. We calculated the sample size of our study by using the software
G-Power, and the required sample size of the trial was estimated to be
26 subjects in each group, which was calculated to a controlled experi-
ment with the significance level using a two-tailed test at alpha = 0.05,
power = 0.80, and effect size = 0.8.

2.2. Participant

The respiratory care center (RCC) of Changhua Christian Hospital
has patients who use or rely on respirators. Before the trial, we discussed
with the doctors and nurses in Respiratory Care Center about the trial
design including the criteria of the participants and the intervention.

Inclusion criteria: Patients whose age is greater than or equal to 20
years old, and those who are less than or equal to 80 years old, who are
receiving care in the RCC due to illness and are dependent on respirators
and patients or their family members who have signed the consent form.
If the patients’ consciousness level was clear, we explained the trial to
them and asked them for the willing to join the trial. Otherwise, we
asked their family if the patients were in consciousness disturbance.

Exclusion criteria: Patients whose age is younger than 20 years old,
or older than 80 years old, patients hospitalized for lung cancer, patients
or family members who cannot sign the consent form, those who have
been diagnosed by medical staff and found that they have unstable vital
signs or have acute symptoms, the life expectancy is less than one month,
or there is medical evidence that the disease has progressed to death in
the near future Inevitable (e.g., cancer or the eight major non-cancerous
end-stages, etc.), subjects who are unable to cooperate with the treat-
ment (such as unconsciousness or restlessness or may remove acupunc-
ture needles by themselves), those who use injections or oral pressure
boosters. Patients with confirmed COVID-19 were excluded due to the
clinical characteristic of highly infectious ability and rapid progression.

2.3. Intervention

The acupuncture group received regular medical treatment in RCC
and acupuncture treatment. Acupuncture treatment was performed at
17 acupuncture points. According to the WHO Standard Acupuncture
Point Locations® of CV4 (single), LU5, PC6, L14, ST36, ST37, ST39, SP6,
LR3 (bilateral), and no other acupuncture points were used. In tradi-
tional Chinese Medicine theory, acupoints CV4, ST36, ST40, SP6 were
used to drive out the sputum; LU5, PC6, LI4 were used to drive out the
phlegm and heat from lung; and CV4, ST36, ST37, ST379, SP6 were used
to nourish the Qi of Lung and Spleen.

The acupuncture needles made of stainless steel (0.25 mm in diam-
eter, 40 mm in length; DONG-BANG, Korea) were inserted to a depth
ranging from 15 to 20 mm depending on the thickness of the skin and
subcutaneous fatty tissue, and the perception of the Qi was confirmed
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after the needles were inserted (i.e., the acupuncture therapy operator
would observe that the needles were "hold" by patient’s skin and mus-
cle). The needles were left for 15 min without manipulation after being
inserted. The therapy operators were Chinese Medicine doctors of De-
partment of Chinese Medicine, Changhua Christian Hospital. Each pa-
tient in acupuncture group received acupuncture once a day, six times
a week for 2 weeks, and a total of 12 sessions of acupuncture.

The control group only received the regular medical treatment in
RCC, there was no acupuncture treatment was performed in the control
group.

2.4. Outcome measure

The primary outcome was rapid shallow breathing index (RSBI), the
ratio of RR/TV of ventilator parameters, and it is a predictor of weaning
outcome.'? Our secondary outcomes were respiratory rate (RR), tidal
volume (TV) and ventilation per minute (MV), the parameters to moni-
tor the exchange of air between the lungs and the air. RR is the number
of breaths per minute, and TV is the volume of air moving in and out of
the lungs in a respiratory cycle. MV is the amount of air that enters the
lungs per minute, calculated as RR times TV.!1-12

In the trial with 12 sessions, the data of RR, TV, MV was recorded af-
ter each session of treatment or observation. If the participant completed
the trial, the outcome data was the ventilator parameter data collected
after the 12th acupuncture treatment or observation. If the participant
received less than 12 times of treatment or observation due to weaning
of weaning ventilator, transfer to another hospital, dropout due to un-
stable vital signs or expired, the last data that were recored before the
case was terminated would be the endpoint data.

RSBI was recorded before the trial, after the sixth therapy or ob-
servation, and after the last therapy and observation. If the participant
completed the trial, the RSBI after the last session was the endpoint data;
if the participant received less than 12 sessions of treatment or observa-
tion, the RSBI recorded after the sixth therapy or observation was the
endpoint data.

2.5. Randomization methods

The participants were randomly and equally assigned into two
groups by simple randomization. The study code (either the acupunc-
ture group or the control group) was generated in software Excel by the
statistician. After excluding the participants that did not meet the inclu-
sion criteria, all participants were randomly enrolled into the acupunc-
ture group and the control group. The eligible participants were assigned
to two group according to the code in the sealed envelope by the re-
searchers. The researchers, caregivers in RCC, and participants did not
know which group they belong to until the trial began.

2.6. Ethical statement

The study was approved by the Research Ethics Committee of
CCHIRB, under protocol No. 200206. This research originated from the
program "Multiplex development of Chinese Medicine", a research pro-
gram initiated by Department of Chinese Medicine and Pharmacy, Min-
istry of Health and Welfare of Taiwan, and conducted by Changhua
Christian Hospital.

2.7. Statistical analyses

The ventilator parameters were collected recorded to evaluate the
respiratory efficiency for all participants. The data of all 80 participants
in our trial, included those patients did not receive complete 12 ses-
sions, would be analyzed. After performing the test of normality, the
comparison of ventilator parameters between the two groups was based
on independent t-test if the data set was well-modeled by a normal dis-
tribution, and on Wilcoxon rank-sum test if the data set was not. The
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baseline characters were analyzed by using Wilcoxon rank-sum test and
Chi-Square test. "95 % confidence interval" in analyses means 95 % con-
fidence interval of the difference when the data was analyzed based on
independent t-test, and 95 % confidence interval of Monte Carlo Signif-
icance when the data was analyzed based on Wilcoxon rank-sum test.
The Kaplan-Meier method estimator was performed to estimate the cu-
mulative incidence rate of weaning. Survival analysis models factors
that influence the time to an event. In our analysis, we see the success-
ful weaning as the "event" in Kaplan-Meier method estimator.

To reduce the interference of comorbidities and complication, we
need to focus on the participants with better prognosis and who have
received more times of treatment or observation. In subgroup analysis,
we analyzed the participants with at least 6 times treatment or obser-
vation, and excluded those cases whose ISS score was higher than 16 or
was ST-segment elevation myocardial infarction when admitted to hos-
pital, out-of-hospital cardiac arrest, septic shock, or failure of weaning
many times during admission. We also estimated the cumulative inci-
dence rate of weaning for the participants in subgroup analysis.

Statistical analyses were performed in SAS 9.4 and IBM SPSS 25.

3. Results
3.1. Subject characteristics

We recruited 96 volunteers who are eligible for admission from the
respiratory care center (RCC) of Changhua Christian Hospital used ven-
tilators. After excluding 16 participants who did not meet the inclusion
criteria, all 80 ventilator-dependent patients, aged 20 to 80 years old,
were randomly assigned to two groups, with 40 in acupuncture group
and 40 in control group. After 12 sessions of study, 43 participants (18
in the acupuncture group and 25 in the control group) received 12 ses-
sions of study. 37 participants (22 in the acupuncture group and 15 in
the control group) did not receive complete 12 sessions of study because
of weaning the ventilator, unstable vital sign and expiration (Fig. 1).
Furthermore, in the 37 participants who did not receive complete 12

96 Participant randomized
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sessions, there were 12 participants (8 in the acupuncture group and 4
in the control group) received less than 6 sessions of study.

The baseline characteristics of the 80 participants are shown in
Table 1. There were no statistically significant differences between the
two groups in demographic and ventilation parameters.

3.2. Outcomes

After 12 days of trial, there were no statistically significant differ-
ences between the two groups in RR, TV, MV, and RSBI (Table 2).

Although there was no significant difference in the change of RSBI
between the acupuncture group and the control group, we found the
trend of decreasing RSBI in the acupuncture group (decreased in 0.37
breaths/min/L), while a little increased in the control group (increased
in 0.02 breaths/min/L).

3.3. Subgroup analysis

In the subgroup analysis, we focused on the patients with better
prognosis. There were 45 participants in the subgroup analysis (24 par-
ticipants in the acupuncture group and 21 participants in the control
group). The mean of RSBI significantly decreased in the acupuncture
group, while it increased in the control group, and there were statis-
tically significant differences between the two groups (P = 0.036). The
changes of mean of RR in the acupuncture group was significantly higher
than in the control group (p = 0.022). There was no significant differ-
ence of change of means in TV and MV between the acupuncture group
and the control group (Table 2).

3.4. Cumulative incidence rate

After excluding the participants expired or transferred to another
hospital before weaning, there are no statistically significant differences
in the cumulative incidence rate of weaning between two groups. All
participants in the acupuncture group successfully weaned the ventilator

Fig. 1. Flow diagram of enrollment, randomization, and treat-
ment.
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Table 1
Baseline characteristics.
Acupuncture group (N=40)  Control group (N=40)  P-value
Demographics variable
Age, year 59.4 +16.3 62.6 + 13.0 0.567 ¥
Body weight, kilogram 61.1 + 13.2 64.4 + 23.1 0.954 ¥
Hospital stays before trial, day ~ 20.6 + 16.1 23.5+ 33.4 0.225 ¢
Gender (Male/Female), n 27/13 26/14 0.813 ¢
Smoking (No/Quit/Yes), n 23/7/10 28/5/7 0.508 €
Ventilator Parameters
MIP, cm H,0 -20.6 + 21.5 -20.6 + 29.6 0.702 "
MEP, cm H,0 29.5 +15.1 37.2+19.4 0.063 ¥
RR, breaths/min 17.0 £ 3.2 16.3 + 5.0 0.138 "
TV, mL 589.5 + 140.7 558.90 + 104.7 0.544 %
MV, L 9.79 + 3.07 9.58 + 3.22 0.655 %
RSBI, breaths/min/L 111.4 £ 58.8 91.5 £52.9 0.159 %

Values are expressed as mean + standard deviations.

No smoking: the participant never smoked. Quit smoking: the participant smoked once but quit-
ted before admission. Yes smoking: the participant still had the habit of smoking.

C: Chi-Square test. T: independent t-test. W: Wilcoxon rank-sum test.

*some patients might have multiple diseases that caused the usage of ventilator.

Table 2
Effects of acupuncture on ventilation outcomes.

Ventilation Acupuncture No treatment Acupuncture No treatment

outcomes P-value P-value
Baseline Post Baseline Post Change (Post-baseline) Change (Post-baseline)

ITT analysis (Baseline n=40, Post n=40 for both groups)

RSBI, 111.4 +58.8 101.99 + 43.64 91.5 + 52.9 91.54 +45.97 0.3427 -9.37 + 61.21 0.02 + 59.63 0.525 T

breaths/min/L

RR, breaths/min 17.0 + 3.2 20.68 + 5.43 16.3 £ 5.0 18.88 + 4.83 0.145 W 3.65 + 6.01 2.63 + 6.32 0.46 T

TV, mL 589.5 + 140.7 502.8 + 156.4 558.90 + 104.7 485.7 +131.9 0.598 T -86.9 + 165.4 -73.2 +124.3 0.682 T

MV, L 9.79 + 3.07 9.11 + 3.77 9.58 + 3.22 9.15 + 3.99 0.557 W -0.67 + 4.63 -0.43 + 3.47 0.751 W

Subgroup analysis* (Baseline n=24, Post n=24 for acupuncture group; Baseline n=21, Post n=21 for no treatment group)

RSBI 116.88 + 59.78 100.86 + 45.21 78.66 + 38.84 96.51 +39.34 0.006 W -16.02 + 60.84 17.84 + 39.38 0.036 T

RR 17.13 + 2.85 22.08 + 5.27 16.38 + 4.53 17.71 £ 4.15 0.733 W 5.13 +5.33 1.33 £5.31 0.022 T

vV 583.87 + 134.64 516.5 + 182.26 555.62 + 90.22 487.1 + 1144 0.285"W -69.5 + 155.6 -68.5 + 110.1 09817

MV 9.42 + 2.48 8.69 + 2.77 9.27 + 2.7 8.64 + 4.41 0.963 W -0.73 £ 3.73 -0.63 + 4.16 0.724 W

Values are expressed as mean + standard deviations.

* To reduce the interference of comorbidities and complication, we analyzed the participants with at least 6 times treatment or observation, and we excluded
those cases whose ISS score was higher than 16 or was ST-segment elevation myocardial infarction when admitted to hospital, out-of-hospital cardiac arrest,
septic shock or failure of weaning many times during admission.Cls: confidence intervals, MD: mean difference, MV: ventilation per minute, RR: respiratory
rate, RSBI: rapid shallow breathing index, TV: tidal volume, T: independent t-test, W: Wilcoxon rank-sum test.

in 40 days, and not all participants in the control group did it (Fig. 2A).
Furthermore, for the participants in subgroup analysis, the cumulative
incidence rate of weaning in the acupuncture group is greater than in
the control group (Fig. 2B).

3.5. Adverse events

A total of 80 participants were analyzed in this trial. Only one patient
reported pain and refused the acupuncture therapy in the acupuncture
group, and we terminated the case. The analysis of adverse events in-
cluded 12 subjects in our trial. Some adverse events observed during the
trail were severe, life-threatening, and are unrelated to the intervention.
The serious adverse events observed during the trial included a case of
seizure, 3 cases of fever, 4 cases of agitation, one case of respiratory
failure, and one case of expire. (Supplementary Table S2)

4. Discussion
4.1. Summary of main findings

To our knowledge, this is the first study on acupuncture evaluated
the parameters of ventilator in ventilator-dependent patients in respira-
tory care center.

Several parameters were used to predict weaning outcomes, includ-
ing RSBI, age, and maximum inspiratory pressure.'®> RSBI is the one

of the most common used parameters for predicting the success rate of
weaning. RSBI is the ratio of RR/TV, and it is a predictor of better oppor-
tunity of weaning successfully when lower than 105 breaths/min/L.!*

In our research, the mean of RSBI in the acupuncture group was
higher in baseline (111.36 breaths/min/L in the acupuncture group,
and 91.52 breaths/min/L in the control group), though there is no sta-
tistically significant difference between two groups, it might lead to
a poor prognosis. In our trial, the mean of RSBI decrease into 101.99
breaths/min/L in the acupuncture group, and that means the better
prognosis of extubation. On the other hand, there has been no signif-
icant change in the means of RSBI in the control group.

In subgroup analysis, we found the significant effect on decreasing
RSBI in the acupuncture group (p=0.036) and all patients weaned the
ventilator in 40 days (Table 2 and Fig. 2B).

4.2. Agreements and disagreements with other studies or reviews

Previous studies indicate that acupuncture and acupressure therapy
have benefit on respiratory function. Recent research data and clinical
observation demonstrated that stimulating meridian points, including
acupuncture and acupressure, could promote successfully weaning off
the mechanical ventilator by significantly increasing tidal volume and
dynamic lung compliance, as well as significantly decreasing respira-
tory rate, heart rate, rapid shallow breathing index, dyspnea, and anxi-
ety.!5:16
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Fig. 2. The cumulative incidence rate of weaning (A) total analysis, and (B) subgroup analysis
In subgroup analysis of cumulative incidence rate of weaning, we analyzed the participants with at least 6 times treatment or observation, and we excluded those
cases whose ISS score was higher than 16 or was ST-segment elevation myocardial infarction when admitted to hospital, out-of-hospital cardiac arrest, septic shock,

or failure of weaning many times during admission.

Previous studies indicate the effects of improving the lung function
by using acupuncture or acupressure therapies. For patients with COPD,
acupressure therapy could improve the symptoms of dyspnea and anxi-
ety.'® Acupuncture may also be effective in improving respiratory func-
tion and the score of quality of life, such as COPD Assessment Test (CAT),
St George’s Respiratory Questionnaire (SGRQ), and 6-minute walking
distance (6MWD).!7,18

Although several evidence-based hypotheses have been reported, the
detailed mechanism of acupuncture could not be totally elucidated.'®-2°
However, the World Health Organization still recommends acupuncture
for more over 100 conditions.?! Based on available evidence, stimulat-
ing acupoint appears to be an effective and safe alternative therapy to
improve the prognosis of critical condition, especially acute respiratory
failure.® The mechanism of acupuncture might be related to the oxygen
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saturation and the improvement of the function of muscles of respira-
tion. A previous study showed that acupuncture therapy improved the
blood oxygen saturation in patients with a history of respiratory system
disorders.?? Acupuncture therapy might stimulate the nerves that pro-
vide routes for somatosensory reflexes and play the role of locomotion,
and it might improve voluntary respiration via the pectoralis muscles,
and then improve the function of respiratory system.23

Previous research has shown that some comorbidities would reduce
the probability of weaning. Septic shock is the risk of prolonged me-
chanical ventilation because of multiple organ failure and weakness.>*
Lung dysfunction might elevate airway resistance and impaired gas ex-
change increase the work of breathing, and it increase the difficulty of
weaning the ventilation machine. Transition from mechanical ventila-
tion to spontaneous breathing imposes an additional load on the cardio-
vascular system, so patients with cardiac dysfunction such as history of
heart disease, heart failure, cardiac arrest and left ventricular heart fail-
ure might face the more difficult of weaning.?>-%¢ Patients with severe
trauma severe traumatic brain injury or with poor Glasgow Coma Scale
(GCS) score might have higher risk of exhibiting weaning difficulty.?” In
order to focus on those patients with better prognosis and evaluate the
effect of acupuncture therapy, we excluded those cases whose ISS score
was higher than 16 or was ST-segment elevation myocardial infarction
when admitted to hospital, out-of-hospital cardiac arrest, septic shock,
or failure of weaning many times after doing the literature review and
discussing with the doctors and nurses in respiratory care center.

4.3. Implication in clinical practice

Patients sometimes fail to wean from mechanical ventilator, and pro-
longedly depend on mechanical ventilation support to survive.?® Long-
term dependence on ventilation also costs huge medical resources. In
our study, we found that acupuncture treatment can improve the RSBI
in ventilation-depending patients, especially for the patients without se-
vere comorbidities such as heart failure, septic shock, or severe trauma
injury. Acupuncture treatment would be helpful to improve the progno-
sis of the patients with dependence on ventilator and reduce the cost of
medical expenses.

4.4. Implication in research

It was the first study on acupuncture evaluated the parameters of
ventilator in ventilator-dependent patients in respiratory care center.
Furthermore, acupuncture treatment is a safe and acceptable therapy,
only one case withdrew because of pain in our study, and the severe ad-
verse events observed during the trail are unrelated to the acupuncture
therapy. Our study provides a safe and effective way of intervention of
further studies for ventilation-dependent patients.

4.5. Limitations

The limitation of this study is that the 12-time treatment and obser-
vation was relatively short. The case size of our trial was insufficient, it
was difficult to further analyze the effect of acupuncture therapy in the
different types of disease and in the different modes of ventilator. The
small case number of our trial and the variation in disease when admis-
sion could be the reasons that made the difference for our participant
between two groups in baseline of our study. Furthermore, the group of
patients with ventilator dependence has many comorbidities and com-
plications, higher mortality, and poor progress, making it difficult to
estimate the efficiency of the intervention. To evaluate the long-term
effects of acupuncture therapy in those who are receiving care in the In-
tensive Respiratory Care Center (RCC) due to illness and are dependent
on respirators, the longer treatment and follow-up periods are required.
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4.6. Conclusion

Compared with the respirator parameters before treatment, the aver-
age rapid shallow breathing index (RSBI) of the patients in the acupunc-
ture group which collected closest to the 12th treatment decreased
more than the control group. In addition, from the results, we inferred
that acupuncture treatment can improve breathing ability of patients
with respirator dependence, and further enhance the patient’s sponta-
neous breathing ability helping to get out of the respirator. Therefore,
acupuncture combined with western medicine has clinical application
value and is worth promoting.
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