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Abstract
Aim: To see the effect of Acu-TENS on FEV |, six minute walk distance and dyspnoea in patients of COPD.

Method: Fifty five patients with a mean age of 68years suffering from chronic obstructive pulmonary disease with no
previous exposure of TENS or acupuncture were selected. The experimental group received 45 minutes of Acu-TENS
over acupoint bilaterally while the control group received placebo-TENS with identical electrode placement but no
output despite a flashing light indicating stimulus delivery. Lung function was measured as FEV1 and FVC, six minute
walk distance was measured using 6MWT, while dyspnoea was measured using a shortness of breath 100-mm visual
analogue scale.

Result: After 45 minutes of Acu-TENS, the experimental group had increased FEV1 by 4.37% (95% CI 2.71 to 6.04)
and FVC by only 0.65 % (95% CI -0.40 to 1.71). Six minute walk distance increased by 14.32 metres (95% CI 10.67 to
17.99) more in the experimental group. Dyspnoea decreased by 1.29 mm (95% CI-3.00 to 0.41) more than the control
group.

Conclusion: Acu- TENS may be a useful non-invasive alternative in the management of dyspnoea in patients with
chronic obstructive pulmonary disease. This study showed the effect of long-term Acu-TENS. A single session of Acu-
TENS increases FEV1, 6MWT and reduces dyspnoea in patients with chronic obstructive pulmonary disease.

Keywords: Acupuncture points, TENS, Chronic obstructive pulmonary disease, Forced expiratory volume, Forced vital
capacity, 6 Minute walk test, Dyspnoea

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic progressive condition characterised by airflow
resistance which is not fully reversible lung function'. Dsypnoea, excessive sputum production, cough are the most common
clinical features. It is estimated that three million people died due to COPD in 2005, it’s going to be third leading cause of
death world wide by 2030°. Half a million people die every year due to COPD in India, which is over 4 times the number of
people who die due to COPD in USA and Europe’ COPD can be managed by pharmacotherapy for relief of symptoms,
rehabilitation programs and exercise to improve exercise tolerance®. Due to expensive medications and drug’s adverse
effects, alternative approaches for the management of patients with COPD needs to be explored.
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Application of transcutaneous electrical nerve stimulation (TENS), a non invasive modality over specific acupoints

(ACU-TENS) has been reported as an alternative mode of management for breathlessness in COPD patientss. A review of
16 randomised controlled trials, involving 2937 participants concluded that acupuncture is a safe and potentially effective

intervention for patients with asthma and COPD®. Acu-Tens is believed to elicit similar responses to manual acupuncture in

pain relief 7%, The effect of Acu-TENS on dyspnoea has been reported in some population>.Administration of Acu-TENS
can be done by patient himself or the care givers. It may help to control dyspnoea and their by promote quality of life in
patients with COPD, if proven to be effective.

Hence, the research question for this study of patients with COPD is — “what is the effect of Acu-TENS on lung
functions, 6 Minute Walk distance (6MWD) and dyspnoea”.

2. Method
2.1 Design

A randomised, placebo controlled, pre-test and post test design was carried out.
2.2 Participants

Ambulatory subjects with a medical diagnosis of COPD were referred by medicine department of a municipal
hospital.

Inclusion criteria

- Diagnosis of stage 1 or 2 COPD according to the GOLD classification '
- Willing to participate

- Ability to communicate and follow commands

- Independent in mobility

Exclusion criteria

- Co-existing IHD, DM or neurological deficit

- Subjects with cardiac pacemaker

- Sensory deficit

- Poor perception and/or cognitive function

- Episode of acute exacerbation of obstructive airway disease within one month prior to data collection
- Treated with bronchodilator within six hours prior to data collection

- Earlier exposure to TENS or acupuncture

2.3 Ethics

Study was approved by the AMC MET Ethics Committee of LG Hospital & AMC MET Medical College.
Ahmedabad. Participants were fully informed of the study protocol and signed a consent form prior to participation.

2.4 Procedure

Demographic data such age, gender, BMI, smoking history and medications were recorded. Subject randomisation
was done. Eligible participant were randomly assigned to either experimental (Acu-TENS) or control (placebo TENS)
group.

Lung functions, 6 MWD and dyspnoea were measured after the participant rested for 30 minutes. All participants
then received 45 min of either Acu-TENS or placebo TENS. Participants were blind to group allocation. Participants in

control group were explained that the stimulation frequency was not perceivable by humans. One investigator was
responsible for the application of both interventions. Then lung functions, 6 MWD and dyspnoea were measured again.
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Table 1 Participants Classification According To Baseline Characteristics In Both Groups

VARIABLE EXPERIMENTAL CONTROL
AGE
<50 years 05 05
50-60 years 11 12
>60 years 12 10
GENDER
MALE 20 21
FEMALE 8 06
SMOKING
EX-SMOKER 10 10
SMOKER 13 10
NON-SMOKER 05 07
BMI
UNDER-WT 08 09
NORMAL 11 08
OVER-WT 09 10
Table 2 Baseline Outcome Measures - mean (SD) of both groups
OUTCOME MEASURE EXPERIMENTAL CONTROL
FEV1 % PRED 72.79 (8.02) 73.26 (8.11)
FVC % PRED 70.46 (5.31) 70.15 (4.47)
6MWD (mt) 324.10 (36.11) 323.30 (37.49)
DYSPNOEA (mm) 56.54 (7.96) 56.966.73)

2.5 Intervention

A written informed consent was obtained from all the participants who fulfilled the inclusion criteria. The
experimental group receive 45 min of Acu-TENS at bilateral acupoints Ex-B1 1 These points are known as Ding Chuan in

Traditional Chinese Medicine. They are located at 0.5 ‘cun’ lateral to the spinous process of C, vertebra, were 1 ‘cun’ is the

distance between the medial creases of the interphalangeal joints on an individual’s middle finger>. Each acupoint was
cleaned with an alcohol swab to reduce the resistance for passage of current. A non conductive 5x5 cm? plastic film was
punctured in the middle creating a pore of diameter.08 cm. This film was placed over the participant’s skin, with the pore

directly over the marked acupoint. A 5x5 cm? electrode was then placed over each plastic film. This configuration restricts
electrical stimulation to the acupoint only.

Stimulation®: Frequency — 4 Hz; Pulse Width — 200 micro seconds; Intensity — highest tolerable by the participant.

The control group received 45 min of placebo TENS. A non conductive plastic film with no central pore was placed
on the skin over each acupoints. Participants could see the flashing light but no current was transmitted to the acupoints.

Confirmation of absence of electrical stimulation employed by this method was obtained by five participants prior
to data collection.

2.6 Outcome measures

Lung function was measured according to American thoracic society guidelines12 using a Helios RMS spirometer.

Forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) where used to measure lung functions. All
tests were done in sitting position and the best of 3 was recorded.

Dyspneoa was tested using a visual analogue scale!? which was having 0 to 100 mm scale where zero meant “No
breathlessness at all” and 100 meant the worst sensation experience.
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Six minute walk distance was measured with the help of six minutes walk test (6MWT), performed according to
ATS guidelinesm. The 6MWT is a practical simple test that requires a 100-ft hallway but no exercise equipment or
advanced training for technicians. Walking is an activity performed daily by all but the most severely impaired patients.
This test measures the distance that a patient can quickly walk on a flat, hard surface in a period of 6 minutes (the 6MWD).
It evaluates the global and integrated responses of all the systems involved during exercise, including the pulmonary and
cardiovascular systems, systemic circulation, peripheral circulation, blood, neuromuscular units, and muscle metabolism.
Most activities of daily living are performed at submaximal levels of exertion; the 6MWD may better reflect the functional
exercise level for daily physical activities.

2.7 Data analysis

Analysis was done by intention to treat. Statistical significance was reported as p value from independent t-tests. A
statistical significance level was set at p < 0.05.

3. Results
3.1 Participant Flow

A total of 55 participants (41Male and 14Female) met the inclusion criteria. The mean age was 66.5 years in
experimental group and 69.5 in control group.

Mean BMI was 22.3 kg/m2 in experimental group and 22.5 kg/mz. Mean % predicted FEV1 in experimental group
was 72.79% (SD 8.02) and in control group it was 73.26% (SD 8.11) and mean % predicted FVC in experimental and
control group was 70.46% (SD 5.31) and 70.15(SD 4.47) respectively. 10 participants (37.04%) were ex-smokers (.i.e., they
had stopped smoking for more than 12 months), 13participants (46.43%) were current smokers and O5participants (17.86%)
were non-smokers in experimental group. 10 participants (35.71%) were ex-smokers (.i.e., they had stopped smoking for
more than 12 months), 10 participants (37.04%) were current smokers and O7participants (25.92%) were non-smokers in
control group.

Both groups were similar in terms of gender, age, BMI, 6MWD, Dyspnoea and % Predicted FEV1 and FVC and
also medications. Medications prescribed were- theophylline, salbutamol, ,ipratropium bromide or salbutamol with
ipratropium as required.

3.2 Effect of intervention

All participants completed the trial without any adverse effects.
Increase in FEV1 by 4.37% predicted (95% CI 2.71 to 6.04, p<0.05)
FVC also increased by 0.65% predicted (95% CI-0.40 to 1.71, p<0.05)
Six minute walk distance had increased by 14.32 metres (95% CI 10.67 to 17.99, p<0.05) and
Decrease in Dyspnoea scale by 1.29 mm (95% CI-3.00 to 0.41, p<0.05) was seen in the experimental group than control
group
Effects of intervention in group data as well as within and between group data are presented in the table 3
Table 3.Lung function, 6 MWD and dyspnoea of experimental group and control group with mean (SD) of each
group, within groups and between groups — mean+ SD & C.1.

Difference Difference
Groups within groups | between groups
Outcome Pre Post Post minus pre | post minus pre
Exp ‘ Con | Exp ‘ Con | Exp ‘ Con | Exp minus Con
Lung function
FEV 1 (% Pred) | 72.79 | 73.26 | 78.64 | 75.11 | 5.85 1.48 4.37+0.83
(8.02) | (8.11) | (5.97) | (6.27) | (2.90) | (3.25) 2.70 to 6.04
FVC (% Pred) | 70.46 | 70.15 | 73.82 | 72.85 | 3.35 2.7 0.65+0.53
531 | 447 4.65 3.83 242 1.29 -0.40 to 1.71
6MWD (mt) | 324.1 | 523.3 | 340.2 | 325.1 | 16.07 | 1.741 14.32+1.82
36.11 | 37.49 | 35.18 | 34.15 | 6.57 6.93 -0.40to 1.71
DX%pnoea SOB | 56.5 | 56.96 | 52.5 | 5422 | -4.03 | -2.74 -1.29+0.85
VAS (0-100mm) | 7.96 | 6.73 5.68 4.43 3.07 3.2 -3.00 to 0.41
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4. Discussion

The effect of single session of bilateral application of TENS for 45 minutes in patients with COPD showed increase
in FEV |, 6MWD and decrease in dyspnoea. This has been reported in earlier studies!>16:173,

Dyspnoea which is the commonest symptom in COPD is associated with increased bronchial and systemic
inflammation'®!%2%. Airflow limitation has been associated with changes in levels of inflammatory mediators such as

122

tumor necrosis factor and interleukin-82!. Maier et al’?> showed that inflammation increases cytokine levels which are

transmitted to Hypothalamus via sensory pathways. Tracey23 found that a suppressive effect on the release of cytokines was
caused by the release of Acetylcholine. Cytokine synthesis is suppressed by release of glucocorticoids via negative
feedback. Thus, dyspnoea is reduced by suppression of inflammatory mediators either via afferent or efferent vagus nerve
stimulation. Whether decrease in dyspnoea is due to hypothalamic activity associated with endorphin release was

inconclusive in a study by Ken SL and Alice YM Jones>.

Traditional Chinese medicine presumes that dyspnoea is due to deficiency of flow of ‘Qi’ (energy). Acupuncture
technique may restore the ‘Qi’ balance and thereby reduce dyspnoeaM’5 . Tan and Horn?® did not get a satisfactory
explanation of ‘Qi’ flow and balance in accordance to western medicine. While Takeshige et al 2 speculated that
acupuncture points stimulation can modify respiration by influencing the respiratory centres in medulla. Jobst et al?’ and

Lau & jones5 have hypothesised that acupuncture stimulates hypothalamus which releases endogenous opiates, thereby

reducing dyspnoea. Therefore opiates are prescribed to suppress respiration which modulates the sensation of

breathlessness?®.

4.1 Effect of Acu-TENS on lung function

Various criteria for evaluation of short term response to a bronchodilator are found in different studies like > 15%
improvement over pre-bronchodilator FEV12%, > 12 % improvement plus an absolute volume increase of > 200 m13° and an
absolute improvement over pre-bronchodilator FEV1 of > 10% predicted value’!

An increase in FEV1 by 4.37 % more after Acu-TENS than placebo TENS was found in this study. This

improvement did not reach these standards. There is no direct action of Acu-TENS on airways but the effect may be through
central processing of neural signals.

This study showed that Acu-TENS improved FEV1 by nearly 5 % more than placebo TENS. However this
improvement did not reach the GOLD standard set for “bronchodilator evaluation”. Moreover a reduction in dyspnoea score
by 1.29 mm more than placebo TENS is also significant.

FVC was improved in Acu-TENS over Placebo TENS by only 0.65 %. This was statistically insignificant. A
clinically significant change in FVC was not expected with one session of Acu-TENS.

Short-term reproducibility of the 6MWD is excellent with a good quality-assurance program, with patients tested

by the same technician, and after one or two practice tests>2. ATS guidelines recommend that change in 6MWD can be
expressed as an absolute value. ATS guidelines also state that statistically significant mean increase in 6 MWD in a group of
study participants is often much less than a clinically significant increase in an individual patient. In one study of 112
patients (half of them women) with stable, severe COPD, the smallest difference in 6MWD that was associated with a
noticeable clinical difference in the patients’ perception of exercise performance was a mean of 54 m (95% confidence
interval, 37-71 m)33.

While in this study absolute increase of 14.32 metres was found in 6MWT in Acu-TENS group as compared to
placebo TENS group.

5. Limitations

*  The severity of COPD of the participants was mild to moderate. It should be noted that the effect of Acu-TENS on
patients may be more significant and dramatic if patients had high level of dyspnoea.
+  Effect of only single session of Acu-TENS in COPD patients was focused in this study.

+  Participant’s dyspnoea may not have returned to normal resting levels as most participants travelled to the centre by
public transport and had to walk some distance to reach the centre, despite 30 minutes of rest before the lung function
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measurement.

The effect of Acu-TENS or placebo TENS over acupuncture points was compared in this study rather than its
application over non-acupuncture points. So, it was inconclusive that whether the positive effect of Acu-TENS was
Acu-point specific or due to the general effect of TENS.

Quality of life was not measured, although lung function is related to dyspnoea and it does determine a person’s quality
of life.

6. Conclusions

This study concluded that compared to placebo TENS, bilateral application of Acu-TENS at acupuncture points

EX-B1 for 45 minutes in ambulatory patients with COPD lead to an improvement in dyspnoea, 6 MWD and lung functions.

TENS is a non-invasive user friendly, low cost electrotherapy modality.

Application of TENS may help dyspnoea management in patients with COPD and thereby improve quality of life.

The beneficial effect of Acu-TENS in this study suggests that Acu-TENS may be a useful alternative approach for the
management of patients with COPD.

7. Future Recommendations

The comparative effect of high TENS and low TENS on COPD patients can be studied.

The effect of Acu-TENS on non acupoints in COPD also can be studied.

The comparative effects of Acu-TENS and medications on dyspnoea can be studied

Long term effect of TENS on frequency and severity of COPD

Quality of life improvement can be one of the parameter to study the effect of TENS in COPD patients

References

1. ATS-ERS 2004 Standards for the diagnosis and management of patients of COPD

2. www.who.int/respiratory/copd/World Health Statistics 2008/en/index.html) Accessed on 9 May 2013

3. Lopez A, Shibuya K, Rao C et.al. Chronic obstructive pulmonary disease: current burden and future projections. Eur
Respir J2006;27:397-412)

4. GOLD (2011) Global Initiative for Chronic Obstructive Lung Disease. Global Strategy for the diagnosis, management
and prevention of chronic obstructive pulmonary disease. Available from: http://www.goldcopd.org [Accessed May
2013]

5. Lau KSL,Jones AYM. A single session of Acu-TENS increases FEV1 and reduces dyspnoea in patients with chronic
obstructive pulmonary disease: a randomised, placebo-controlled trial. Australian Journal of Physiotherapy 2008, 54:
179-184.

6. Jobst KA. A critical analysis of acupuncture in pulmonary disease: efficacy and safety of the acupuncture needle.
Journal of Alternative and Complementary Medicine 1995; 1: 57-85.

7. Grant DJ, Bishop-Miller J, Winchester DM, Anderson M,Faulkner S. A randomized comparative trial of acupuncture
versus transcutaneous electrical nervestimulation for chronic back pain in the elderly. Pain 1999, 82:9-13.

8. Kerr DP, Walsh DM, Baxter D. Acupuncture in the management of chronic low back pain: a blinded randomized
controlled trial. Clinical Journal of Pain 2003, 19: 364-370.

9. Ng MM, Leung MC, Poon DM. The effects of electroacupuncture and transcutaneous electrical nerve stimulation on
patients with painful osteoarthritic knees: a randomized controlled trial with follow-up evaluation. Journal of
Alternative and Complementary Medicine 2003, 9: 641-649.

10. GOLD Workshop Panel (2001) Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive
Pulmonary Disease. NHLBI/WHO Workshop Report. NIH Publication No. 2701.Bethesda: National Heart, Lung, and
Blood Institute

11. Ngai S, Hui-Chan C, Jones AYM. A short review on the effect of Acu-TENS on bronchial asthma. Journal of the Hong
Kong Physiotherapy Association 2006; 24: 28-38.

12. ATS/ERS Task force: Standardization of lung function testing. Eur Respir J 2005; 26: 319-338.

I[JBAR (2013) 04 (07) www.ssjournals.com



http://www.ssjournals.com/

Vyas et al 454

13.

14.
15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.
28.

29.

30.
31.

32.
33.

Martinez JA, Straccia L, Sobrani E, Silva GA, Vianna EO, Filho JT. Dyspnea scales in the assessment of illiterate
patients with chronic obstructive pulmonary disease. American Journal of the Medical Sciences 2000; 320: 240-243.

ATS statement: Guidelines for the six —minute walk test. Am J Respir Crit care Med 2002; 166: 111-117,

Maa SH, Gauthier D, Turner M. Acupressure as an adjunct to a pulmonary rehabilitation program. Journal of
Cardiopulmonary Rehabilitation 1997; 17: 268-276.

Maa SH et al. Effect of acupuncture or acupressure on quality of life of patients with chronic obstructive asthma: a pilot
study. Journal of Alternative and Complementary Medicine 9: 659—670.

Wu HS, Wu SC, Lin JG, Lin LC. Effectiveness of acupressure in improving dyspnoea in chronic obstructive pulmonary
disease. Journal of Advanced Nursing 2004; 45: 252-259.

Bhowmik A, Seemungal TA, Sapsford RJ. Relation of sputum inflammatory markers to symptoms and lung function
changes in COPD exacerbations. Thorax 2000 ; 55: 114-120.

Hill AT, Campbell EJ, Bayley DL, Hill SL, Stockley RA (1999) Evidence for excessive bronchial inflammation during
an acute exacerbation of chronic obstructive pulmonary disease in patients with alpha(1)-antitrypsin deficiency (PiZ).
American Journal of Respiratory and Critical Care Medicine 160: 1968—1975

Roland M et al. Sputum and plasma endothelin-1 levels in exacerbations of chronic obstructive pulmonary disease.
Thorax 2001; 56: 30-35..

Wouters EF. Chronic obstructive pulmonary disease-5: Systemic effects of COPD. Thorax 2002; 57: 1067-1070.

Maier SF, Goehler LE, Fleshner M, Watkins LR. The role of the vagus nerve in cytokine-to-brain communication.
Annals of the New York Academy of Sciences 1998; 840: 289-300.

Tracey KJ. The inflammatory reflex. Nature 2002; 420: 853—859.

Xu SQ, Tan JS. Preliminary study on the relation of yin deficiency, yang deficiency in chronic pharyngitis and the
functioning of vegetative nervous system. [Chinese] [English Abstract]. Chung Hsi i Chieh Ho Tsa Chih (Chinese
Journal of Modern Developments in Traditional Medicine) 1988; 8: 534-535.

Tan JC, Horn SE. Practical Manual of Physical Medicine and Rehabilitation: Diagnostics, Therapeutics, and Basic
Problems. 1998 St. Louis: Mosby

Takeshige C et al. The acupuncture point and its connecting central pathway for producing acupuncture analgesia.
Brain Research Bulletin 1993; 30: 53-67.

Jobst K et al. Controlled trial of acupuncture for disabling breathlessness. Lancet 1986; 2: 1416—-1419.

Bellofiore S et al. Endogenous opioids modulate the increase in ventilatory output and dyspnea during severe acute
brconhoconstriction. American Review of Respiratory Diseases 1990; 142: 812-816.

ACCEP. Criteria for the assessment of reversibility in airways obstruction. Report of the Committee on Emphysema,
American College of Chest Physicians. Chest 1974; 65: 552-553.

Pellegrino R et al. Interpretative strategies for lung function tests. European Respiratory Journal 2005; 26: 948-968.

Anthonisen NG, Wright EC. Bronchodilator response in chronic obstructive pulmonary disease. American Review of
Respiratory Disease 1986;133: 814-819.

Guyatt GH et al Effect of encouragement on walking test performance. Thorax 1984;39:818-822.

Redelmeier DA, Bayoumi AM, Goldstein RS, Guyatt GH. Interpreting small differences in functional status: The six
minute walk test in chronic lung disease patients. Am J Respir Crit Care Med 1997;155:1278-1282

I[JBAR (2013) 04 (07) www.ssjournals.com



http://www.ssjournals.com/

