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ABSTRACT

 الأهداف: تبحث هذه الدراسة في آثار النبض الخارجي المعزز )EECP( في 
.)CMD( المرضى الذين يعانون من مرض الأوعية الدموية الدقيقة التاجية

 EECP مجموعة  إلى   CMD من  يعانون  الذين  المرضى  قسمنا  المنهجية: 
احتياطي  قياس  أجرينا   .)42  = )العدد  مراقبة  ومجموعة   )41  = )العدد 
التدفق التاجي )CFR( قبل وبعد برنامج EECP لمدة أربعة أسابيع باستخدام 
تخطيط صدى القلب دوبلر عبر الصدر. كما أجرينا تحليل مستويات مصل 
ET-(  endothelin-1و  )eNOS( البطاني  النيتريك  أكسيد  سينسيز 
للذبحة  سياتل  استبيان  من خلال  الحياة  قيمنا جودة   .ELISA بواسطة   )1
والأوعية  القلب  لجمعية  التابعة  الصدرية  الذبحة  وفئة   )SAQ( الصدرية 

.)CCS( الدموية الكندية

النتائج: ارتفع معدل CFR بشكل ملحوظ في مجموعة EECP بعد أربعة 
 endothelin-1 انخفض   .)p<0.05( المراقبة  مجموعة  مع  مقارنة  أسابيع 
كما   .EECP مجموعة  في  ملحوظ  بشكل   eNOS وارتفع  كبير  بشكل 
.CCS للمرضى وانخفضت فئة الذبحة الصدرية SAQ نتائج EECP عززت

الخلاصة: قام EECP بتحسين احتياطي التدفق التاجي وتحسين جودة الحياة 
.CMD لدى المرضى الذين يعانون من

Objectives: To investigates the outcomes of enhanced 
external counterpulsation (EECP) among coronary 
microvascular disease (CMD) patients.

Methods: Coronary microvascular disease patients 
were separated into the EECP (n=41) and control 
cohorts (n=42). Prior to and following the 
4-week EECP program, coronary flow reserve 
(CFR) was recorded using transthoracic Doppler 
echocardiography. The serum endothelial nitric oxide 
synthase (eNOS) and endothelin-1 (ET-1) contents 
were analyzed by ELISA. Quality of life (QoL) was 
assessed by the Seattle Angina Questionnaire (SAQ) 
and the Canadian Cardiovascular Society (CCS) 
angina class.

Results: After four weeks, CFR was substantially 
enhanced in the EECP versus control cohort (p<0.05). 

Original Article

Endothelin-1 was strongly diminished whereas eNOS 
was considerably upregulated in the EECP cohort. 
EECP also enhanced patients’ SAQ scores and 
decreased the CCS angina class.

Conclusion: Enhanced external counterpulsation 
may improve CFR and enhance the CMD patient 
QoL.
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Angina is a frequently occurring clinical 
manifestation among obstructive coronary artery 

disease (CAD) patients, and it contributes to a majority 
of global disease-related mortality rate. However, more 
than 50% angina patients have no obstructive CAD, 
and a large proportion of angina patients have coronary 
microvascular dysfunction; this kind of disease 
which damages coronary microcirculation is termed 
coronary microvascular disease (CMD).1-5 According 
to the Coronary Vasomotion Disorders International 
Study Group’s definition, a CMD diagnosis involves 
symptomology and presence of myocardial ischemia, as 
well as lack of obstructive CAD, along with significant 
CMD.6 
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Coronary microvascular disease is correlated with 
undesired cardiovascular complications.7 However, there 
are currently no effective therapies targeting CMD and 
no guidelines on the management of CMD.8 Enhanced 
external counterpulsation (EECP) is an effective non-
medication intervention for CAD and can reduce 
angina, increase myocardial perfusion, and ameliorate 
endothelial dysfunction in CAD patients.9,10 Increased 
vascular resistance and endothelial dysfunction are 
two important pathogenic factors in CMD.11 External 
counterpulsation may ameliorate angina by improving 
myocardial perfusion and endothelial function in CMD 
patients, but whether EECP is beneficial for patients 
with CMD has not been explored. 

As an indicator of coronary microvascular activity, 
coronary flow reserve (CFR) could be determined using 
an invasive technique, such as Doppler wire or non-
invasive method. Coronary flow reserve measured by 
transthoracic echocardiography (TTE) is a non-invasive 
method. It is harmfuless and has reliable result.  In this 
study, we used CFR by transthoracic echocardiography 
Doppler to evaluate microvascular function. Here, we 
investigate the effects of EECP in patients with CMD 
and explore whether EECP may improve CFR in these 
patients. 

Methods. This investigation was designed as a 
prospective randomized control trial. Eighty-three 
patients whose main complaint was angina pectoris 
were enrolled between March 2019 and December 
2022, in Qinhuangdao First Hospital, Hebei, China. 
All patients underwent coronary angiography and 
presented with normal epicardial coronary arteries. 
After this initial selection, the diagnosis of CMD was 
confirmed by assessment of CFR. The main inclusion 
criteria included were i) aged 30-75 years; ii) symptoms 
of chest pain or dyspnea; iii) objective documentation of 
myocardial ischemia, such as electrocardiogram, exercise 
experiments, or echocardiography; iv) CFR <2.0; v) 
coronary artery stenosis of less than 50% assessed by 
coronary angiography. Exclusion criteria included i) 
patients with obstructive CAD; ii) prior myocardial 
infarction; iii) patients with carcinoma; iv) patients 
with atrial fibrillation; v) patients with hypertrophic 
cardiomyopathy; vi) dilated cardiomyopathy patients; 
vii) contraindications of EECP, such as unregulated 

hypertension (SBP ≥180 mmHg or DBP ≥100 
mmHg), aortic dissection, or lower extremity deep vein 
thrombosis. This study received ethical approval from 
the Qinhuangdao First Hospital, and obtained signed 
informed consent from all participants.

Assessment of CFR. Coronary flow reserve was 
evaluated via transthoracic Doppler echocardiography 
(VIVID 9 Ultrasound System, GE) in all patients 
at baseline and 4 weeks after EECP treatment. 
Echocardiography was carried out by a skilled 
echocardiographer, who had no knowledge of the 
patient clinical information. Caffeine and nitroglycerin 
were forbidden for 24 hours before the examination. 
Left ventricular diameter (LVD) and left atrial diameter 
(LAD) were recorded, and the left ventricular ejection 
fraction (LVEF) was computed via the biplane Simpson 
technique.

Coronary flow in the left anterior descending artery 
(LAD) was determined using color Doppler and an 
apical 5-chamber view (distal of LAD) or by a modified 
low short-axis view (mid-distal of LAD).12 Baseline 
coronary flow velocity was measured. Adenosine was 
infused via the median cubital vein (140 µg/kg/minute 
[min] for 2 min), and the hyperemic peak diastolic 
velocity was measured. The CRF was computed as the 
hyperemic peak diastolic velocity (PDV) to baseline 
PDV ratio.

Enhanced external counterpulsation treatment. 
Eighty-three CMD patients were arbitrarily separated 
into the EECP (n=41) and control cohorts (n=42). 
Enhanced external counterpulsation  patients received 
EECP treatment 6 days per week for 4 consecutive 
weeks using a cuff inflation pressure of 250 mmHg. 
The EECP was performed via an oxygen saturation 
monitoring EECP Instrument (Chongqing PSK Health, 
China). Patients of both groups received medication 
(100 mg aspirin daily, 20 mg atorvastatin daily, and 5 
mg nicorandil 3 times per day).

Laboratory measurements. Baseline and four 
week venous blood samples were acquired from all 
participants. Total cholesterol (TC), triglycerides 
(TG), high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), and 
glucose were recorded. Serum endothelial nitric 
oxide synthase (eNOS) and endothelin-1 (ET-1) 
concentrations were assessed via ELISA kits (Zhuocai 
Biotech, Shanghai, China) as per kit directions.

Quality of life (QoL) evaluation. Baseline and four 
week post EECP treatment QoL were evaluated using 
the Seattle Angina Questionnaire (SAQ). The Canadian 
Cardiovascular Society (CCS) angina class was evaluated 
at the same time points as well.

Disclosure. This study was supported by Qinhuangdao 
City Technical Project 202004A116 and 202201B026.
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Statistical analysis. Data analyses employed the 
SPSS, version 20 (IBMCorp, Armonk, NY, USA). 
Continuous data, evaluated via the Student’s t test, are 
provided as the mean ± standard deviation. Comparisons 
between baseline and four weeks post intervention were 
performed via the paired t test. Categorical information 
was assessed using the χ2 statistics or Fisher’s exact test. 
p≤0.05 was considered significant.

Results. Clinicopathological profiles of groups.
Eighty-three patients meeting our strict inclusion and 
exclusion guidelines were recruited for analysis. As 
shown in Table 1, no marked differences were present 
in the baseline or four week post treatment clinical 
characteristics between the EECP and control cohorts 
(all p>0.05). 

Enhanced external counterpulsation treatment 
improves the CFR. As depicted in Figure 1, no discernible 
difference appeared in baseline CFR between the EECP 
and control cohorts (EECP 1.74 ± 0.23, control 1.67 
± 0.31, p>0.05). After the four-week program, patients 
in the EECP group had higher CFR values than the 
control group (EECP 2.34 ± 0.37, control 1.85 ± 0.37, 
p<0.05).

EECP treatment increases eNOS and decreases 
ET-1. As depicted in Figure 2, after 4 weeks, the eNOS 
contents were increased in the EECP versus baseline and 
control cohorts (p<0.05). No difference was present in 
the eNOS level between the baseline and after 4 weeks 
among controls. After 4 weeks, the ET-1 levels were 
diminished among the EECP versus baseline (p<0.05) 
and control cohorts (p<0.05).

Enhanced external counterpulsation relieves angina 
and enhances patients’ QoL. As shown in Figure 3, the 
CCS angina class decreased in both groups after 4 weeks 
compared with their baselines (p<0.05). However, 
EECP patients experienced reduced CCS angina class 
values relative to the control patients (p<0.05). After 
4 weeks, the EECP patients demonstrated increased 
SAQ scores relative to the control participants (p<0.05; 
Table 2).

Discussion. Herein, we demonstrated that 4 weeks 
of EECP treatment greatly enhances CFR and relieve 
angina in patients with CMD. 

Enhanced external counterpulsation is a noninvasive 
intervention to ameliorate the symptoms of angina 
pectoris and to relieve hypoxia-ischemia. It is frequently 
employed for CAD and heart failure treatment. Many 
studies demonstrate that external counterpulsation 
relieves angina and improves maximal walking capacity 
and cardiac function.13,14 Jan et al15 explored the effect 
of EECP on patients with severe CHD who were 

unsuitable for revascularization and found that EECP 
therapy could improve patients’ QoL. Du et al16 found 
that EECP combined with exercise therapy induced 
collateral circulation formation. However there is no 
study to explore the therapy effect of EECP in CMD 
patients.

Herein, our results demonstrated that EECP relieved 
angina and improved patients’ QoL. After 4 weeks of 
EECP treatment, the CCS angina class was decreased 

Table 1 -	 Evaluation of the clinicopathological profiles of control and 
EECP treated cohorts.

Parameters EECP group 
(n=41)

Control group
(n=42) P-value

Age (years) 60.85 ± 8.44 59.52 ± 8.67 0.481
Gender (male/
female) 20/21 17/25 0.447

Hypertension 25/41 25/42 0.893
Diabetes 10/41 7/42 0.383
Smoker 10/41 11/41 0.850
SBP (mmHg)

baseline 135.90 ± 17.87 133.26 ± 16.43 0.485
 4 weeks          137.76 ± 11.45 135.33 ± 12.81 0.415

DBP (mmHg)
baseline 78.98± 12.25 82.76 ± 11.94 0.158
4 weeks 79.86 ± 12.97 80.04 ± 10.99 0.434

TC (mmol/L)
baseline 4.28 ± 0.96 4.32± 1.12 0.380
4 weeks 4.31 ± 0.72 4.27 ± 0.79 0.361

TG (mmol/L)
baseline 1.83 ± 1.08 2.07 ± 1.22 0.167
4 weeks 1.76 ± 0.66 1.93 ± 0.76 0.214

LDL-C (mmol/L)
baseline 2.32 ± 0.75 2.36 ± 0.78 0.179
4 weeks 2.33 ± 0.81 2.31 ± 0.93 0.256

HDL-C (mmol/L)
baseline 1.10 ± 0.30 0.96± 0.22 0.135
 4 weeks 1.12 ± 0.26 1.04 ± 0.31 0.178

FBS (mmol/L) 
baseline 5.52 ± 0.79 5.88 ± 1.23 0.136
 4 weeks 5.45 ± 1.67 5.67± 1.33 0.247

Body mass index
baseline 25.82 ± 2.86 26.59 ± 2.68 0.213
 4 weeks 25.67 ± 2.71 26.54 ± 2.30 0.315

LVD (mm)
baseline 48.05 ± 3.59 48.51 ± 5.34 0.646
4 weeks 47.89 ± 4.30 48.65 ± 5.67 0.357

LAD (mm)
baseline 36.49 ± 3.76 37.90 ± 5.24 0.165
4 weeks 37.01 ± 3.78 37.44 ± 5.61 0.412

LVEF (%)
baseline 67.81 ±5.15 65.26 ± 6.87 0.127
 4 weeks 66.35 ± 7.24 66.02± 7.30 0.348

EECP: enhanced external counterpulsation, SBP: systolic blood 
pressure, DBP: diastolic blood pressure, TC: cholesterol, TG: 

triglyceride, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-
density lipoprotein cholesterol, FBS: fasting blood glucose
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Figure 1 -	Coronary flow reserve (CFR) improvement after 4 weeks of 
enhanced external counterpulsation (EECP). *P<0.05 relative 
to control, #p<0.05 relative to baseline

Figure 2 -	Changes of endothelial nitric oxide synthase (eNOS) after 4 
weeks enhanced external counterpulsation (EECP). *P<0.05 
relative to control, #p<0.05 relative to baseline

Figure 3 -	Changes of endothelin-1 (ET-1) after 4 weeks enhanced 
external counterpulsation (EECP). *P<0.05 relative to 
control, #p<0.05 relative to baseline

Figure 4 -	Changes of Canadian Cardiovascular Society (CCS) angina 
class after 4 weeks enhanced external counterpulsation 
(EECP). *P<0.05 relative to control, #p<0.05 relative to 
baseline

among EECP versus baseline and control cohorts, while 
the SAQ score increased in the EECP group.

Microcirculation dysfunction limits myocardial 
perfusion in patients with CMD, and because CFR 
reflects the vasodilatory ability of the coronary 
microcirculation, it is a valuable indicator of CMD.17 
In the absence of obstructive CAD, a CFR <2.0 is 
abnormal and is a critical basis of CMD diagnosis.6 This 
study demonstrates that four weeks of EECP treatment 
increased the CFR value, which indicates that EECP 
may relieve coronary microcirculation dysfunction.

The serum level of eNOS increased after 4 weeks 
in the EECP group while the ET-1 level decreased. 

Nitric oxide promotes vasorelaxation and maintains 
endothelial function, and decreased nitric oxide is 
associated with microcirculation dysfunction.18 Our 
results indicate that the benefits of EECP for patients 
with CMD may be attributable to an improvement in 
coronary flow and microvascular endothelial function.

The mechanisms of CMD are not fully understood, 
but limited myocardial perfusion, endothelial 
dysfunction, Systemic infammation and microvascular 
remodeling may serve an essential function in it. The 
conventional CMD treatments include anti-angina 
and anti-atherosclerosis therapy, such as aspirin, statins 
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and Nicorandil. As we know, EECP could increase 
myocardial perfusion and ameliorate endothelial 
dysfunction. These maybe possible mechanisms that 
EECP could have effectiveness in patients with CMD.

Study limitations. First, this is a single-center 
trial that explored EECP treatment of patients with 
CMD. However, the trial was unable to determine 
differences in the clinical outcomes between the EECP 
and control cohorts because of the small number of 
patients. Second, flow-mediated dilation was not used 
to assess endothelial function in patients with CMD. 
Third, external counterpulsation-related mechanisms 
are complex and we did not explore these mechanisms. 
Additional investigations are required to confirm the 
benefits of EECP intervention in patients with CMD.

In conclusion, this study demonstrates that EECP 
treatment maybe improve CMD patients’ CFR. 
Additionally, we demonstrated marked enhancements 
in treated patients’ CCS angina class and QoL. Our 
results provide strong basis for additional investigations 
into EECP therapy as a possible strategy in CMD and 
non-obstructive CAD patients.
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