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ABSTRACT

Objectives: The objectives of the study were to assess the effectiveness of enhanced external counterpulsation (EECP) treatment on clinical profile
comprising physiological, biochemical, and clinical symptoms of diabetic and non-diabetic coronary heart disease (CHD) patients.

Methods: A pretest-posttest designed prospective study with 163 diabetic and non-diabetic CHD patients enrolled in Science and Art of Living Heart
Center (SAAOL), New Delhi, India. Angina severity was assessed using Canadian Cardiovascular Society (CCS) angina classification scale and dyspnea
status was assessed using medical research council (MRC) scale. The study subjects were followed up for 12 months. Statistical analysis was done
using the SPSS v21 software. Descriptive analysis with sample t-test for two independent groups and paired sample t-test for EECP effectiveness
within the group was done.

Results: A minute difference in body mass index mean (30.1+5.86-29.9+5.62 vs. 27.5+4.17-27.16+3.88) was observed in diabetic and non-diabetic
CHD patients, but that was not statistically significant. A significant drop out in blood sugar fasting (166.7+41.9-150.1+23.7), blood sugar postprandial
(204.7+64.4-173.2+41.2), and glycosylated hemoglobin (7.9+0.8 to 7.5+0.6) was also observed in diabetic CHD patients from baseline to 12% month
after completion of EECP treatment with significant p<0.001, that may be due to EECP treatment. CCS angina classification score and MRC dyspnea
score also significantly improved after EECP treatment.

Conclusion: EECP treatment may improve clinical symptoms of CHD and lower the blood glucose level in diabetic CHD patients. This treatment may

be effective for CHD patients with diabetes mellitus.
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INTRODUCTION

Diabetes mellitus (DM) and coronary heart disease (CHD) are lifestyle-
related diseases and the leading cause of morbidity and mortality
around the world [1-3]. DM is the key risk factor for the development
of CHD and is associated with 2-4 times higher risk of mortality [4-6].
Elevated blood pressure (BP) and diabetes raise the complication of
CHD [7-10]. Almost 80% of diabetic mortality is due to atherosclerosis
in cardiovascular patients. Prevalence of CHD in DM patients is 7.8%
as reported by Maniarasu and Muthunarayanan [11] and it has been
demonstrated by Mohan et al. in Chennai urban population study that
mortality rates in diabetic patients are two-fold higher as compared to
non-diabetic patients in India [12].

Coronary artery of the diabetic patient exhibits a large content of
lipid, atheroma, and macrophage infiltration and has the greater
chance of atherosclerosis plaque that is more vulnerable to rupture
in diabetes as compared to non-diabetic CHD patients. DM and
CHD interact to accelerate the progression of myocardial infarction
(MI) mortality [13,14]. MI is 2 to 3 times more common in diabetic
patients and carries a worse prognosis [15]. Cecilia Low Wang et al.
demonstrated that DM patients have the higher risk of MI (20.2%
incidence rate found over 7 years) without any previous MI history as
compared to non-diabetic patients [13].

Current non-pharmacological options for CHD treatment are
percutaneous transluminal coronary angioplasty (PTCA), coronary
artery bypass grafting (CABG), laser revascularization, enhanced

external counterpulsation (EECP), and gene therapy. Of these
modalities, only EECP therapy is truly non-invasive and represents the
effective clinical benefits in the profile of CHD patients. EECP is a U.S.
Food and Drug Administration approved non-invasive therapy for CHD
patients. It is out patient’s procedure for long-term improvement in
clinical symptoms of CHD patients [16-18].

EECP consists of 3 sets of pneumatic cuffs on lower calves, thighs, and
buttocks which are inflated with compressed air (up to 300 mmHg)
sequentially from diastole phase of the cardiac cycle to deflate in early
systole. EECP treatment reduces aortic BP and myocardial oxygen
demand, and studies showed that degree of diastolic augmentation
during EECP may affect the long-term recovery from Canadian
Cardiovascular Society (CCS) angina class and dyspnea [19-21]. EECP
therapy demonstrates significant improvement in CCS angina class
and medical research council (MRC) breathlessness scale in CHD
patients [22].

Several studies documented the clinical effectiveness of EECP and
proved the treatment as an adjuvant therapy for CHD patients [23-26].
It also has been observed that EECP improves the glycemic control
in diabetes patients [27-28]. Several studies have shown significant
improvement with lowering CCS classification breathlessness, BP in
CHD patients but none of the study has compiled all clinical parameter
in one study and not compared diabetic and non-diabetic CHD groups of
patients in the larger amount of sample. Hence, this study was designed
to evaluate the efficacy of EECP treatment on clinical parameters on
diabetic and non-diabetic CHD patients.
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METHODS

Study design and population

This study was designed as a pretest-posttest prospective study.
A total of 212 subjects (106 in each group) were recruited based on
consecutive sampling technique from Science and Art of Living (SAAOL)
Heart Centre, New Delhi. The sample size has been calculated with the
assumption of 18% risk of CHD in control group and 45% risk of CHD in
diabetic patients [29] with an allowable error of 5% (95% power) and
5% level of significance using the nMaster v2.0 software. The calculated
sample size was 85 per group, and it is considered to be 106 per group
by taking 20% lost to follow-up into account. The formula is as follows,

(#1-0 +71-p )2[ps(1_ps)+pt(1 -pt)]

(pt —Ps +5)2

Where p_is the proportion in the treatment group and p, is the
proportion in control group. 3 is the superiority margin.

Ethical approval and patient consent

Ethical approval for this study was granted by Institutional
Ethics Committee of SAAOL Heart Center (Ref. No-IEC/SHRF/
PhD/P-02/01.05.2016), New Delhi, India. Informed consent was
obtained from all enrolled subjects before initiation of the study.

Study protocol

Diabetic and non-diabetic CHD study subjects were enrolled in SAAOL
Heart Center, New Delhi. The study subjects were divided into diabetic
and non-diabetic CHD groups.

Inclusion criteria

CHD withand without DM patients havinganginaand dyspneasymptoms
aged 35-75 years, who did not respond to current treatment and not
agreed to CABG and PTCA or percutaneous coronary intervention (PCI)
with angina and dyspnea, and those willing to participate with valid
written informed consent were enrolled in the study.

Exclusion criteria

Patients having cardiac arrhythmia, coagulation disorder, deep vein
thrombosis, vaso-occlusive disease, abnormal aortic aneurysm, cardiac
valvular disorder, pregnancy, high BP (<180/110 mmHg), foot wounds,
and dialysis history and unable to give valid written consent were
excluded from the study.

Initiation of the study was done through screening of diabetic and non-
diabetic CHD patients and enrolled as per the eligibility criteria. After
enrollment, the demographic assessment with physical, chemical and
clinical symptoms (CCS angina class severity and MRC dyspnea score)
assessment were done and same were recorded.

Physiological assessment

Physiological parameters including body mass index (BMI), systolic
BP (SBP), and diastolic BP (DBP) and the pulse of all study subjects
were assessed at baseline, treatment period, and follow-up period at
6™ and 12" months. The height of study subjects was measured through
stature meter height tape of Bio-plus. Weight was measured through
Salter Goal Tracker weighing scale model 9063. BMI was calculated
using formula Weight (kg) + Height? (m?). Pulse of all study subjects was
assessed through ChoiceMMed MD300C2D pulse oximeter. Systolic and
DBP were assessed through Diamond Clock model B.P monitor.

Biochemical assessment

Cholesterol by cholesterol oxidase-peroxidase aminophenazone
method, triglyceride (TG) by glycerol phosphate oxidase method, high-
density lipoprotein (HDL) - cholesterol by immune inhibition method,
blood glucose by glucose oxidase-peroxidase method, and glycosylated
hemoglobin (HbA1c) assessed using an immunoturbidimetric method
with the standard protocol of Transasia ERBA Chem 7 equipment.
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Clinical assessment
Angina status was assessed through CCS grading of angina pectoris.
Breathlessness status was assessed using MRC scale.

EECP therapy

The PSK-EECP machine was used for the treatment of CHD. PSK is the
exclusive distributor of Vasomedical EECP device all over the world,
and Vasomedical is the joint venture with PSK company.

EECP is an electro-mechanical system attached to two sets of three
cuffs with a comfortable bed. During treatment, the patient lies on
EECP comfortable bed and cuffs are wrapped around patient’s legs
and buttocks. The cuffs inflate and deflate at specific times between
patient’s heart beats. Cuffs inflate while the heart is at rest and deflate
at the end of the rest period, just before next heartbeat. A continuous
electrocardiogram, oxygen level, and counterpulsation graph were
monitored at the time of EECP treatment. An experienced doctor gives
this EECP treatment for the 1-h session per day in 7 consecutive weeks.

Statistical analysis

The analysis was done using the SPSS v21 software. Descriptive
statistics were presented in Mean * Standard deviation. Chi-square
test was used to determine the significant difference between two
groups. p<0.05 was considered for statistical significance. t-test for two
independent samples with 95% confidence interval was presented to
see the significant effect of CHD in diabetic and non-diabetic patients,
and sample paired t-test was used to assess the EECP effect within the
group.

RESULTS

A total of 163 diabetic and non-diabetic CHD patients completed the
study follow-up for 12 months. The total mean age of both the group
subjects was 59.6+£9.5 years in which diabetic CHD subjects were
60.5+9.5, and non-diabetic CHD subjects were 58.6+9.6 years. Male
population percentage was 50.4% in diabetic CHD and 49.6% in
non-diabetic CHD group. Females were much higher in non-diabetic
53.3% as compared to diabetic CHD group 46.7%. Rural subjects were
higher in non-diabetic group 55.3% and urban subjects were higher in
diabetic CHD group 56.4%. A significant difference in education profile
in both diabetic CHD and non-diabetic CHD group has been observed.
A significant difference has been observed in occupation, income and
socioeconomic status of diabetic and non-diabetic CHD subjects. The
obesity rate was higher 63.1% in non-diabetic CHD group as compared
to diabetic CHD group, and hypertension rate was higher in diabetes
CHD group (51.6%).

The family history of heart disease has been observed higher in diabetic
CHD group 62.5%, as compared to non-diabetic CHD group 37.5% and
the same difference has been observed in diabetes family history which
was greater in diabetic CHD group 83.3% as compared to non-diabetic
CHD subjects 16.7%. Smoking history was higher in non-diabetic CHD
group 51.9%, and similarly, tobacco consumption was 83% in non-
diabetic CHD group. Physical activity was less in diabetes CHD group
as compared to non-diabetic CHD group 53.2%. The ratio of stress was
similar in both study groups. The non-vegetarian rate was higher in
non-diabetic CHD group 53.1%. History of MI was higher in diabetes
CHD group 54.9% with similar observation to PCI (62.9%) and CABG
(58.7%). Single vessel CHD percentage was similar in both the groups
but double vessel CHD percentage was 62.8% in non-diabetic CHD
group and 37.2% in diabetes CHD group and the ratio of triple vessel
CHD was higher in diabetic CHD group 60% as compared to non-
diabetic CHD group 40%. The details of baseline results of both the
groups are given in Table 1.

Follow-up profile after EECP treatment

Collected data on BMI were analyzed through SPSS using independent
and paired sample t-test and a minute difference in BMI mean
(30.1+5.86-29.9+5.62 vs. 27.5%¥4.17-27.16+3.88) was observed
in diabetic and non-diabetic CHD group at 6" and 12" month
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Table 1: Demographic and baseline characteristics of diabetic and non-diabetic CHD patients

S.No Parameters Total subjects n=163 Diabetic CHD n=82 (%) Non-diabetic CHD n=81 (%) *p
1 Age (years) 59.6+9.5 (Mean#SD) 60.5+9.5 (Mean+SD) 58.6+9.6 (Mean%SD) 0.183
2 Gender
Male 133 50.40 49.60
Female 30 46.70 53.30 0.714
3 Locality
Rural 85 44.70 55.30 0.135
Urban 78 56.40 43.60
4 Education
Illiterate 12 100.00 0.00
Up to class 5 7 28.60 71.40
Up to class 8 2 0.00 100.00
Up to class 10 5 60.00 40.00 0.001
12t or Diploma 38 35.70 64.30
Graduate/postgraduate 92 43.50 56.50
Doctorate 17 88.20 11.80
5 Occupation
Unemployed 24 58.30 41.70
Unskilled worker 6 0.00 100.00
Skilled worker 5 20.00 80.00 0.002
Clerical, shop owner 41 51.20 48.80
Semi professional 60 41.70 58.30
Professional 27 77.80 22.20
6 Income per month (INR)
More than 38,600 91 38.50 61.50
19291-38599 34 26.50 73.50
14463-19290 10 20.00 80.00 0.002
9634-14462 3 33.30 66.70
<1932 25 56.00 43.00
7 Socioeconomic status
Upper Class 35 74.30 25.70
Upper middle 71 42.30 57.70 0.001
Lower middle 26 30.70 69.30
Upper lower 12 33.30 66.70
Lower 19 73.70 26.30
8 Obesity
No 38 55.30 44.70 0.485
Yes 125 36.90 63.10
9 Hypertension
No 72 48.60 51.40 0.753
Yes 91 51.60 48.40
10 Family history of heart disease
No 115 45.20 54.80 0.733
Yes 48 62.50 37.50
11 Family history of diabetes
No 127 40.90 59.10 0.973
Yes 36 83.30 16.70
12 Smoking
No 86 51.70 48.30 0.586
Yes 77 48.10 51.90
13 Tobacco
No 138 56.50 43.50 0.001
Yes 25 16.00 83.00
14 Physical activity
No 101 52.50 47.50 0.48
Yes 62 46.80 53.20
15 Stress
No 61 50.80 49.20 0.919
Yes 102 50.00 50.00
16 Diet
Veg 99 52.50 47.50 0.481
Non-Veg 64 46.90 53.10
17 MI
No 92 46.70 53.30 0.300
Yes 71 54.90 45.10
18 PCI
No 128 46.90 53.10 0.094
Yes 35 62.90 37.10
19 CABG
No 88 43.20 56.80 0.049
Yes 75 58.70 41.30
(Contd...)
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Table 1: (Continued)

S. No Parameters Total subjects n=163 Diabetic CHD n=82 (%) Non-diabetic CHD n=81 (%) *p

20 Classification of CHD
Single vessel 70 50 50 0.058
Double vessel 43 37.20 62.80
Triple vessel 50 60 40

*Significant at p<0.05. CHD: Coronary heart disease, SD: Standard deviation, INR: Indian rupee rates, MI: Myocardial infarction, PCI: Percutaneous coronary intervention,
CABG: Coronary artery bypass graft

Table 2: EECP effect on glycemic profile

S.No Parameters MeantSD *p
Baseline (n=82) After 6 months of EECP (n=82) After 12 months of EECP (n=82)

1 BSF (mg/dl) 166.7+41.9 149.7+£30.6 150.1+£23.7 0.0001

2 BSPP (mg/dl) 204.7x64.4 176.8+52.0 173.2+41.2 0.0001

3 HbA1lc (mg/dl) 7.9+0.8 7.4+0.6 7.5+0.6 0.0001

*Significant at p<0.05. EECP : Enhanced External Counterpulsation, SD : Standard deviation, BSF: Blood sugar fasting, BSPP : Blood sugar postprandial,
HbA1c : Glycosylated hemoglobin

Table 3: Follow-up result of diabetic and non-diabetic CHD patients

S.No Parameters Time interval Mean+SD Difference between groups (*p)

Diabetic CHD (n=82) Non-diabetic CHD (n=81)

1 BMI (kg/m?)
Baseline 30.1+5.86 27.5+4.17 0.546
6 M 30.05+5.97 27.13+3.86 0.499
12 M 29.9+5.62 27.16%£3.88 0.506
Difference within B-6 M 0.664 0.173
Group (p) B-12 M 0.252 0.199

2 SBP (mmHg)
Baseline 131.2+15.1 132.6+16.1 0.575
6 M 124.3+10.4 125.6+12.2 0.43
12M 128+12.2 129.3£14.0 0.558
Difference within B-6 M <0.001 <0.001
Group (p) B-12 M <0.001 <0.001

3 DBP (mmHg)
Baseline 84.1+7.7 83.8+7.8 0.793
6 M 79.1+6.1 78.616.8 0.621
12M 81.9+6.5 83.5+6.9 0.126
Difference within B-6 M <0.001 <0.001
Group (p) B-12 M 0.041 0.658

4 Pulse (bpm)
Baseline 79.3+6.1 78.3+6.3 0.263
6 M 76.8+5.0 75.5+5.1 0.257
12M 76.9+3.9 78.2+5.3 0.057
Difference within B-6 M <0.001 <0.001
Group (p) B-12 M <0.001 0.934

5 Cholesterol (mg/dl)
Baseline 221.8+47.2 216.1+45.9 0.438
6 M 198.7+42.0 190.8+40.9 0.225
12 M 191.5+40.6 199.1+42.9 0.245
Difference within B-6 M <0.001 <0.001
Group (p) B-12M <0.001 <0.001

6 TG (mg/dl)
Baseline 192.7+42.5 197.9+42.1 0.435
6 M 171.5+38.0 173.9+£35.6 0.674
12M 172.9£29.1 184.8+38.1 0.027
Difference within B-6 M <0.001 <0.001
Group (p) B-12 M <0.001 <0.001

7 HDL (mg/dl)
Baseline 39.9+7.0 43.4£8.0 0.004
6 M 46.9+7.3 49.5+6.7 0.02
12M 48.0+6.4 48.3+7.6 0.806
Difference within B-6 M <0.001 <0.001
Group (p) B-12 M <0.001 <0.001

8 LDL (mg/dl)

Baseline 143.2+¥49.1 133.1+¥49.9 0.193

(Contd...)
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Table 3: (Continued)

S.No Parameters Time interval Mean*SD Difference between groups (*p)
Diabetic CHD (n=82) Non-diabetic CHD (n=81)

6 M 117.5+43.5 106.5+43.9 0.11
12M 108.9+40.9 113.8+46.2 0.467
Difference within B-6 M <0.001 <0.001
Group (p) B-12M <0.001 <0.001

9 VLDL (mg/dl)
Baseline 38.5+8.5 39.6+8.4 0.435
6 M 34.3x7.6 34.4+7.1 0.674
12M 34.6+5.8 36.9+7.6 0.027
Difference within B-6 M <0.001 <0.001
Group (p) B-12M <0.001 <0.001

10 Non-HDL (mg/dl)
Baseline 181.8+48.1 172.74#49.1 0.233
6 M 151.7+42.7 141.2+43.2 0.121
12M 143.4+40.6 150.8+44.6 0.272
Difference within B-6 M <0.001 <0.001
Group (p) B-12M <0.001 <0.001

11 CCS class
Baseline 2.8+0.3 3.0+0.5 0.048
6 M 2.2+0.5 2.1+0.4 0.27
12M 2.2+0.7 2.0£0.6 0.569
Difference within B-6 M <0.001 <0.001
Group (p) B-12M <0.001 <0.001

12 MRC score
Baseline 3.2+0.09 2.8+1.0 0.003
6 M 2.9+0.2 2.9+0.2 0.537
12M 2.0£0.6 1.9+0.7 0.82
Difference within B-6 M 0.012 0.189
Group (p) B-12M <0.001 <0.001

*Significant at p<0.05. CHD: Coronary heart disease, BMI: Body mass index, SD: Standard deviation, M: Month, B: Baseline, SBP: Systolic blood pressure, DBP: Diastolic
blood pressure, TG: Triglyceride, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, VLDL: Very low-density lipoprotein, CCS: Canadian Cardiovascular

Society, MRC: Medical research council

after completion of EECP treatment but that was not statistically
significant. SBP, DBP, and pulse assessment were done at 6™ and
12" months of study follow-up, but none of the parameters showed
significant difference in comparative assessment of diabetic and non-
diabetic CHD patients. A significant improvement in SBP, DBP, and
pulse was observed in diabetic CHD within group with significant
value p<0.05.

Mean change in total cholesterol values has been observed in
diabetic CHD patients, but that is not statistically significant as
per the independent t-test analysis. A significant improvement
within diabetic CHD group has been observed in total cholesterol
values. A significant change in TG has been observed at 12 months,
HDL cholesterol at 6™ month, very low-density lipoprotein (VLDL)
at 12" month with independent t-test for comparative group
assessment of diabetic and non-diabetic CHD subjects. Paired t-test
assessment of TG, HDL, LDL, VLDL, and non-HDL cholesterol showed
a significant difference within the group from baseline to 12 months
of treatment in diabetic and non-diabetic CHD group subjects,
which can be due to EECP treatment. A significant difference in
CCS angina classification score from baseline to 12" month of EECP
treatment was observed in diabetic and non-diabetic within the
group assessment using paired t-test, and MRC score also showed
the significant difference within the group in this study which may
be due to EECP treatment.

Diabetic CHD subjects glycemic profile

A significant drop out in blood sugar fasting (BSF) (166.7+41.9-
150.1+23.7), postprandial (204.7+64.4-173.2+41.2) and HbAlc
(7.94£0.8-7.5+0.6) values were observed in diabetic CHD patients at
6™ and 12™ months after completion of EECP treatment and that can
be due to the effect of EECP in diabetic CHD patients. The diabetic CHD
glycemic profile detail has been summarized in Table 2.

DISCUSSION

This pretest-posttest designed prospective study suggests that EECP
is the safe and effective treatment for diabetic and non-diabetic CHD
patients.

Effect of EECP on physiological parameters

The present investigation revealed the minute difference in BMI mean
after EECP treatment in diabetic and non-diabetic CHD patients. We
assume that EECP may improve BMI and for that, further research
is required on EECP with special reference to BMI. A study done by
McCullough et al. on the impact of BMI on outcomes of EECP therapy
concluded that EECP yields benefits to CHD obese patients having higher
BMI [23]. A significant difference in SBP, DBP, and pulse within diabetic
and non-diabetic CHD group subjects was observed in this study with
significant value p<0.05. Dockery et al. observed similar findings in a
prospective study [30] and Braith et al. [31] in a randomized sham-
controlled study that can significantly decrease SBP and DBP [19, 20].
Nichols et al. [32], Kumar and Lahiri [33], and Subramanian et al. [24]
also concluded that EECP treatment in patients with angina can reduce
systolic and DBP.

EECP effect on biochemical parameters

In the present study, the difference in mean of total cholesterol, TG, HDL,
LDL, VLDL, and non-HDL was observed in diabetic and non-diabetic
CHD patients within the group after EECP and almost similar findings
were observed by Braith et al. [31] and Tabary et al. [17]. A significant
difference in mean of BSF (166.7+41.9-150.1+23.7), postprandial
(204.7+64.4-173.2+41.2), and HbA1lc (7.9+£0.8-7.5+0.6) was observed
in diabetic CHD patients from baseline to 12 months of study follow-up.
Linnemeier and Martin et al. concluded in their studies that EECP might
be effective, safe, and well-tolerated treatment option for diabetic CHD
patients [27,28].
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Effect of EECP on clinical symptoms

In this study, the clinical symptoms (angina and dyspnea) of diabetic
and non-diabetic CHD patients improved after EECP treatment.
A significant improvement in CCS angina classification score was
observed in diabetic and non-diabetic CHD patients within group
assessment and significant difference within diabetic CHD group in
MRC score has been observed in the present study.

In diabetic and non-diabetic CHD subjects, a comparative or between
group assessments analysis did not show any significant difference
using independent sample t-test. Kozdag et al. [26], Beck et al. [34],
and Ozlem et al. [35] in their studies concluded that EECP treatment
can improve clinical symptoms in CHD patients. In a research by
Pettersson et al. [36] and Loh et al. [37] on the effectiveness of EECP
revealed that EECP can give short- and long-term positive effects on
clinical symptoms of CHD patients. In a research done by Yavari and
Montazeri [38], it was found that EECP had beneficial clinical effects.
Our study also demonstrates similar results and detailed information
is describe in Table 3.

The results of the present study concluded the improvement in clinical
symptoms and functional class of angina. Another study done by Nitu
et al. [22] indicated that angina pain and dyspnea can be reduced by
EECP treatment. Erdling et al. [39] and International EECP Patient
Registry [40] also demonstrated that EECP could be more effective in
patients having the history of severe angina. Our findings also verified
significant effects of EECP in patients having CHD.

CONCLUSION

The results of the present study reveal that EECP is beneficial and
effective non-invasive treatment for diabetic and non-diabetic CHD
patients who do not respond to routine treatment. This treatment may
improve clinical symptoms and lower the blood glucose level in diabetic
CHD patients.
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