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ABSTRACT
Objective: To examine the effect of enhanced 
external counterpulsation (EECP) on depression 
in patients with refractory angina pectoris 
(Canadian Cardiovascular Society class 2–4).

Method: The study was a prospective 
observational investigation with a 2-month 
control period preceding the EECP therapy (to 
minimize a possible effect of the regression-
toward-the-mean phenomenon). The patients 
were examined 2 months before and just 
before EECP and just after, 3 months after, and 
12 months after EECP. Depression was assessed 
using the Major Depression Inventory and 
the ICD-10. During EECP, 3 sets of cuffs were 
fastened around the lower extremities and 
were inflated sequentially to a pressure of 260 
mm Hg in each diastole for 60 minutes 5 days 
a week for 7 weeks (35 sessions). The study was 
conducted at a regional hospital in Denmark 
from May 2006 to January 2011.

Results: Fifty patients with angina pectoris and 
an abnormal coronary angiography, with no 
possibility for revascularization, were included 
(72% men, mean age of 63 years) between 
May 2006 and January 2011. The prevalence 
of depression before EECP was 18%, just after 
was 2%, 3 months after was 2%, and 12 months 
after was 4% (P = .013). The depressive state 
was more severe at a lower age (P = .016). 
No significant predictors of effect of EECP 
on depression were found (P > .05), and no 
association was detected between decline in 
depressive state and chest pain (P > .05).

Conclusions: The study indicates that EECP 
is an effective treatment for depression in 
patients with refractory angina pectoris, that 
depression is more severe in younger patients, 
and that the effect of EECP on depression is not 
related to the effect on chest pain.
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Depression is a frequent finding in patients with ischemic heart disease, 
and the presence of depression in such patients is known to predict a poor 

prognosis.1–17 The causative link between depression and the impaired prognoses 
in patients with ischemic heart disease is not yet known.

Enhanced external counterpulsation (EECP) is a noninvasive therapy for 
angina pectoris offered to patients with coronary artery disease who are not 
candidates for revascularization. In a study by Lawson and colleagues,18 EECP 
was shown to reduce chest pain in 70%–80% of patients with refractory angina 
pectoris at least 1 Canadian Cardiovascular Society (CCS) class. During EECP 
therapy, 3 sets of cuffs are fastened around the lower extremities, and in diastole, 
the cuffs are inflated to a pressure of 260–300 mm Hg, generating a backward 
diastolic flow of blood that increases the flow in the coronary arteries to 2.5 
times the baseline flow.19 The treatment is usually given for 1 hour 5 days a week 
for 7 weeks.

The effect of EECP on depression has been assessed in a small uncontrolled 
study with 28 patients with refractory angina pectoris.20 The study used the Beck 
Depression Inventory and the Symptom Checklist-90-Revised and reported a 
fall in the depression scales.20

The purpose of the present study was to further examine the effect of EECP 
on depression in patients with angina pectoris. We intended to (1) report the 
effect of EECP on depression, (2) locate predictors of depression in patients with 
refractory angina pectoris, (3) identify possible factors predictive of the effect 
of EECP on depression, and (4) assess if the effect of EECP on depression was 
associated with the effect of EECP on chest pain.

METHOD

Design
The study was a prospective observational investigation with a 2-month 

control period preceding the EECP therapy. The control period was introduced 
to minimize a possible effect of the regression-toward-the-mean phenomenon. 
The conduct of a randomized controlled trial was judged impossible due to 
anticipation of a small number of study candidates. We decided to report the 
results when 50 persons were included in the study. The study was conducted at 
a regional hospital in Denmark.

The inclusion criteria were angina pectoris CCS class 2–4, reversible ischemia 
on single-photon emission computed tomography, a coronary angiography 
giving no option for revascularization,  sinus rhythm, and age > 18 years. Patients 
were excluded if they had cancer, dementia or an expected low compliance 
judged by the investigator, blood pressure ≥ 180/110 mm Hg, arrhythmias, severe 
valve disease, pregnancy, known aortic aneurism ≥ 55 mm, a bleeding tendency, 
ejection fraction < 0.25, a bradycardia pacemaker, acute coronary syndrome, 
revascularization within 3 months, deep vein thrombosis, or severe claudication. 
The patients could participate only once.

The participants were examined 5 times: 2 months before and just before 
EECP and just after, 3 months after, and 12 months after EECP. The patients 
were encouraged not to change their medication for angina pectoris during the 
study period.

https://www.clinicaltrials.gov/ct2/show/NCT01112163?term=NCT01112163&rank=1
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Table 1. Baseline Characteristics of the Study Participants 
(N = 50)
Men, n (%) 36 (72)
Age, mean (SD), y 62.5 (8.1)
Body mass index, mean (SD), kg/m2 29.7 (4.2)
Diabetes mellitus, n (%) 12 (24)
Current smoker, n (%) 9 (18)
Hypertension, n (%) 32 (64)
CCS class 2, n (%) 26 (52)
CCS class 3–4, n (%) 24 (48)
Myocardial infarction, n (%) 29 (58)
CABG, n (%) 24 (48)
PCI, n (%) 29 (58)
Medication, n (%)

Antidepressant 10 (20)
β-blocker 45 (90)
Calcium channel blocker 34 (68)
Long-acting nitroglycerin 41 (82)
Nicorandil 19 (38)
ACE/ARB 26 (52)
Diuretic 23 (46)
Statin 47 (94)
Morphine 8 (16)

Abbreviations: ACE/ARB = angiotensin-converting enzyme inhibitor/
angiotensin receptor blocker, CABG = coronary artery bypass grafting, 
CCS = Canadian Cardiovascular Society, MI = myocardial infarction, 
PCI = percutaneous coronary intervention. 
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s ■■ Enhanced external counterpulsation (EECP) may be used 

as a treatment for depression in patients with refractory 
angina pectoris.

■■ The presence of depression in patients with refractory 
angina pectoris seems to be unrelated to the degree of 
chest pain.

■■ The effect of EECP on depression seems to be unrelated to 
the effect on chest pain.

EECP
Three sets of pneumatic cuffs were mounted on the 

lower extremities: 1 set around the calves, 1 set around the 
thighs, and 1 set around the buttocks. The cuffs were inflated 
sequentially to a pressure of 260 mm Hg in each diastole. The 
timing of the inflation was individually adjusted according 
to the electrocardiogram to give the highest diastolic/systolic 
blood pressure ratio during treatment. EECP was given for 60 
minutes 5 days a week for 7 weeks (35 sessions) using EECP 
equipment from Vasomedical (Westbury, New York).

Depression
The presence and grade of depression were measured 

by the Major Depression Inventory (MDI).21 In this 
questionnaire, patients are asked about the symptoms 
required for the diagnoses according to the ICD-10.22 The 
questionnaire has been tested against diagnoses established 
by experienced psychiatrists interviewing the patients and 
was found to have a sensitivity as well as a specificity of 
86%.21 Another approach when interpreting the result of the 
MDI is to sum the 10 answers, creating a rating scale ranging 
from 0 to 50 points, with a higher number indicating a more 
depressed individual. The MDI was thus used to diagnose the 
patients with regard to depression and to grade the degree of 
depressive state using the rating scale. The patients filled in 
the questionnaire 2 months before and just before EECP and 
just after, 3 months after, and 12 months after EECP.

Chest Pain
At each of the 5 control visits, the degree of chest pain 

was classified according to the CCS by the same investigator. 
During the EECP course, the patients were questioned before 
each treatment about the use of nitroglycerin during the last 
24 hours, and the same question was asked at each later 
control visit.

Ethics
The study complied with the Helsinki II declaration and 

was approved by the local ethics committee and the Danish 
Data Protection Agency. Patients were only included after 
written informed consent was obtained (ClinicalTrials.gov 
identifier: NCT01112163).

Statistics
Comparisons of continuously distributed variables at the 

5 timepoints were conducted by repeated-measures analysis. 
To account for empty cells, the type IV sum of squares was 

used. Differences were considered significant if the P value 
was < .05. The analyses were carried out using IBM SPSS 
Statistics 20 (Armonk, New York). Model assumptions for the 
repeated-measures analyses were tested by the Mauchly test 
of sphericity, and if the test indicated that sphericity could not 
be assumed, the P value calculated according to Greenhouse-
Geisser was used. The change in CCS class was tested by 
the Friedman test for related samples. If significant within-
subject changes were found during the 5 examinations, we 
tested change during the period before (control period) and 
the period after (follow-up period) EECP. The effect of EECP 
was calculated as the change from just before EECP to just 
after EECP, as well as 3 and 12 months after EECP. Paired 
parametric or nonparametric tests were used as appropriate.

RESULTS

From May 2006 to January 2011, we included 50 patients 
with refractory angina pectoris in the study. Table 1 provides 
baseline characteristics. All patients completed 35 EECP 
sessions. Three months after EECP, 1 patient had died and 
1 declined to be examined. Twelve months after EECP, an 
additional 6 persons declined to be examined, but of those, 
4 responded to the questionnaire. No significant change was 
detected in the medications taken by the patients to treat 
angina pectoris (P > .40) or depression (P = .41) during the 
study period. At the examination 2 months before EECP, 10 
patients took antidepressants; 1 stopped just after EECP, and 
the remaining 9 continued throughout the study.

Chest Pain
The mean daily number of angina pectoris attacks reported 

by the patients was significantly reduced during the 7-week 
EECP course from 2.7 to 0.9 (P < .005). No significant change 

https://clinicaltrials.gov/ct2/show/NCT01112163?term=NCT01112163&rank=1
https://clinicaltrials.gov/ct2/show/NCT01112163?term=NCT01112163&rank=1
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Table 2. Depression, Angina Pectoris, and Quality of Life According to 
Enhanced External Counterpulsation (EECP) Course

Variable

2 Months 
Before 
EECP

Just 
Before 
EECP

Just 
After 
EECP

3 
Months 

After 
EECP

12 
Months 

After 
EECP

Major Depression Inventory
No depression, n 44 41 49 47 44
Mild depression, n 1 1 0 0 0
Moderate depression, n 3 3 0 0 2
Severe depression, n 2 5 1 1 0
Rating scale, mean (SD) 16.2 (11.1) 15.7 (11.7) 8.0 (8.4) 8.4 (8.5) 9.8 (9.6)*

Antidepressant medication, n (%) 10 (20) 10 (20) 9 (18) 9 (19) 9 (21)**
CCS classification

CCS class 1, n 0 0 29 27 26
CCS class 2, n 26 23 16 18 8
CCS class 3, n 23 26 5 3 7
CCS class 4, n 1 1 0 0 1
CCS class, mean 2.5 2.6 1.5 1.5 1.6***

*P < .000001.
**P = .41.
***P = .001.
Abbreviation: CCS = Canadian Cardiovascular Society.

Figure 1. Prevalence of Depression 2 Months Before (n = 50), 
Just Before (n = 50), Just After (n = 50), 3 Months After 
(n = 48), and 12 Months After (n = 46) Enhanced External 
Counterpulsation (EECP)
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was found in the mean daily number of angina pectoris attacks 
between the last week of the EECP course (0.9) and 3-month 
(1.0) and 12-month (1.3) follow-up, although the number of 
angina pectoris attacks tended to increase (P = .82).

The mean CCS class was significantly reduced after EECP 
compared to before EECP (Table 2). Compared to just before 
EECP, the CCS class was at least 1 class lower just after EECP 
in 82% of the patients, 3 months after in 79%, and 12 months 
after in 76% (all P < .0002). No significant change in CCS class 
was found during the control period or during the follow-up 
period (P > .10).

Effect of EECP on Depression
Just before EECP, 9 patients had depression (18%; mild: 2%, 

moderate: 6%, and severe: 10%); just after EECP, 1 patient had 
depression (severe: 2%); 3 months after EECP, 1 patient had 

depression (severe: 2%); and 12 months after EECP, 2 patients 
had depression (moderate: 4%) (P = .013) (Table 2, Figure 1). 
The change in depression during the 5 examinations using 
the MDI rating scale was highly significant (P < .000001). 
No change in the scale was found during the control period 
(P = .56), but in the follow-up period, a gradual increase in 
the MDI rating scale score was detected (P = .006) (Table 2). 
Compared to just before EECP, a significant decrease in the 
scale was found just after (7.7 points, P = .000002), 3 months 
after (6.9 points, P = .000004), and 12 months after (5.0 
points, P = .0003) EECP. The effect on the MDI rating scale 
detected just after EECP compared to before EECP was in 
the group with depression (17.0 points, P = .002, n = 9) and in 
the group without depression (5.6 points, P = .00002, n = 41).

In Table 3, the response to each item of the MDI is shown. 
A highly significant change is observed in all 3 core symptoms 
(items 1–3), as well as in most of the other symptoms. Only 
items 10a and 10b concerning reduced or increased appetite 
were not significantly changed during the study.

Predictors of Depression in  
Refractory Angina Pectoris

The association between the baseline parameters routinely 
available in the clinic was tested against the MDI rating scale 
(Table 4). In the univariate analysis, a significant negative 
correlation was detected between age and the MDI rating 
scale (P = .016), indicating a more depressed state at a lower 
age. A highly significant association was found between 
treatment with antidepressant agents and depression 
(P = .003). A nonsignificant higher MDI rating scale score 
was found in patients with more severe angina CCS class 
3–4 compared to CCS class 2 (P = .06), as well as in patients 
treated with nicorandil compared to those not treated with 
the medication (P = .06).

Variables with a P value < .10 were included in a multivariate 
regression analysis using the backward elimination principle. 
The analysis showed an independent correlation between a 
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high MDI rating scale score and low age (P = .006), CCS 
class ≥ 3 (P = .002), treatment with an antidepressant agent 
(P = .0004), and treatment with nicorandil* (P = .003).

Predictors of Effect of EECP on Depression
The change in the MDI rating scale was tested against 

baseline variables (Table 5). In the univariate analysis, an 
improvement in the MDI rating scale was found to be highly 
significantly related to treatment with an antidepressant 
(P < .0005), and a nonsignificant relation was found to body 
mass index (P = .066).

In the multivariate analysis including variables with a 
P value < .10 in the univariate analysis, an independently 
significant positive association was found only for treatment 
with antidepressant medication (P = .0005). In patients 
treated with an antidepressant, the MDI rating scale 
improved 17 points (from 25.1 to 8.1, P = .001, n = 10), and in 
the group that took no antidepressant medication, the rating 
scale improved 5.5 points (from 13.3 to 7.8, P = .0002, n = 40).

Association Between Effect of EECP  
on Depression and Effect on Chest Pain

Angina pectoris was improved at least 1 CCS class in 
82% of the participants. The change in the MDI rating scale 
in patients who improved at least 1 CCS class (16.2 to 8.2 
points) did not differ significantly compared to the change 
in patients who did not improve in CCS class (13.0 to 7.2 
points) (P = .54). Similarly, the change in the MDI rating 
scale was not associated with the mean fall in number of 
nitroglycerin uses from the first week of the EECP course 
to the last week (r = 0.12, P = .39).

DISCUSSION

The prevalence of depression just before EECP was 
18%. This finding is comparable with the result reported by 
Borowicz et al,23 who found a prevalence of 16% in patients 

*Nicorandil is a vasodilator that is not available in the United States.

with stable ischemic heart disease. During the control 
period in the 2 months before EECP, no significant change 
was detected in the MDI rating scale, indicating that the 
improvement in depression during EECP was unlikely to 
be caused by an influence of the regression-toward-the-
mean phenomenon. Additionally, the improvement in the 
MDI rating scale could not be caused by the introduction 
of antidepressant medication, as none of the participants 
started antidepressants during the study period, and 1 
patient stopped antidepressant medication just after EECP. 
The significant elevation in mood was seen in all the items 
of the MDI except for change in appetite. Further, EECP 
was also followed by a significant elevation in mood among 
patients who were not taking antidepressant medication.

The intensity of chest pain reported by the participants 
was reduced significantly. We found that 82% of the patients 
were classified at least 1 CCS class lower after EECP compared 
to before. This result is comparable to other reports.24–26

Table 3. Participants’ Response to Specific Questions of the Major Depression 
Inventory According to Enhanced External Counterpulsation (EECP) Coursea

Major Depression Inventory

2 Months 
Before 
EECP

Just 
Before 
EECP

Just 
After 
EECP

3 Months 
After 
EECP

12 Months 
After EECP

1 Low in spirits or sad 1.38 (1.2) 1.50 (1.3) 0.80 (1.0) 0.60 (0.9) 0.85 (1.1)*
2 Lost interest in daily activities 1.48 (1.4) 1.46 (1.6) 0.78 (1.0) 0.75 (1.1) 0.78 (1.2)*
3 Lack in energy and strength 2.52 (1.5) 2.36 (1.5) 1.22 (1.5) 1.23 (1.2) 1.39 (1.3)*
4 Less self-confident 1.58 (1.6) 1.28 (1.3) 0.70 (1.1) 0.73 (1.1) 0.85 (1.1)*
5 Bad conscience or guilt 1.44 (1.5) 1.46 (1.6) 0.86 (1.3) 0.83 (1.3) 0.87 (1.3)*
6 Life not worth living 0.86 (1.3) 0.94 (1.4) 0.30 (0.7) 0.27 (0.7) 0.37 (0.9)*
7 Difficulty in concentrating 1.58 (1.7) 1.50 (1.6) 0.78 (1.1) 0.77 (1.2) 0.89 (1.3)*
8a Restless 1.48 (1.5) 1.54 (1.4) 0.72 (1.0) 0.98 (1.3) 0.89 (1.2)*
8b Subdued 1.88 (1.6) 1.66 (1.5) 0.70 (1.1) 0.81 (1.1) 0.96 (1.1)*
9 Trouble sleeping 1.84 (1.7) 1.88 (1.8) 1.08 (1.3) 1.33 (1.5) 1.41 (1.6)*
10a Reduced appetite 0.70 (1.2) 0.82 (1.5) 0.36 (0.7) 0.67 (1.3) 0.76 (1.5)**
10b Increased appetite 0.72 (1.3) 0.60 (1.2) 0.18 (0.5) 0.53 (0.9) 0.59 (1.1)**
aRepeated-measures analyses; values are presented as mean (SD). 
*P < .0005.
**P > .05 (not significant).

Table 4. Association Between Baseline Variables and 
Depressive State (Major Depression Inventory rating scale) 
Just Before Enhanced External Counterpulsation
Variable Statistic P Value
Age r = 0.34 .016
Body mass index r = 0.04 .78
Systolic blood pressure r = 0.24 .10
Gender t = 0.60 .56
Diabetes t = 1.46 .15
Previous myocardial infarction t = 0.58 .56
Previous revascularization t = 0.59 .56
CCS class > 2/≤ 2 t = 1.95 .06
Medication

Antidepressant t = 0.31 .003
β-blocker t = 1.50 .14
Calcium channel blocker t = 1.27 .21
Long-acting nitroglycerin t = 0.97 .34
Nicorandila t = 1.90 .06
ACE/ARB t = 0.82 .41
Diuretic t = 0.41 .69
Statin t = 0.45 .65
Morphine t = 0.48 .63

aNicorandil is a vasodilator that is not available in the United States.
Abbreviations: ACE/ARB = angiotensin-converting enzyme inhibitor/

angiotensin receptor blocker, CCS = Canadian Cardiovascular Society.
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Just after EECP, only 1 patient had depression. After 3 
months, 1 patient had depression, and after 12 months, 2 
patients had depression. EECP, therefore, seems to be an 
effective treatment for depression in patients with refractory 
angina pectoris. This finding is in agreement with the study 
by Springer et al,20 who found that depression assessed on 
2 scales, the Beck Depression Inventory and the Symptom 
Checklist-90-Revised, was significantly reduced after an 
EECP course. The effect of EECP on depression using a 
diagnostic approach such as the MDI has to our knowledge 
not been assessed before.

The depressive state was most pronounced in younger 
patients, in patients taking antidepressants, and in patients 
treated with nicorandil. A higher prevalence of depression 
in younger patients with ischemic heart disease was also 
reported in a study carried out in patients with acute 
coronary syndrome.27 The reason for this finding is not 
known, but it seems obvious that serious heart disease 
may be more threatening and thus more likely to induce 
depression when you are younger, are still working, and have 
a family to support.

The group of patients taking antidepressant medication 
had a higher score on the MDI rating scale compared to 
the group not taking antidepressants. This finding is not 
surprising and reflects the fact that antidepressants are given 
to patients with depression.

The MDI rating scale score was higher in the 19 patients 
treated with nicorandil. This drug is not a first-line treatment 
for angina pectoris, so the use of the drug is probably a 
marker of more severe symptoms. The association between 
depression and use of nicorandil may thus be due to more 
severe symptoms in this subgroup compared to the patients 
not treated with nicorandil. Depression is not a known 
adverse effect of the drug.

The only factor known at baseline that could predict 
an effect of EECP on depression was treatment with an 
antidepressant drug. Treatment with an antidepressant 
was associated with a high score on the MDI rating scale. 
It is therefore not surprising that this patient group had the 
greatest effect of EECP.

We found no association between a decline in depressive 
state as expressed by the MDI rating scale and reduced chest 
pain. The study thus does not indicate that the decline in 
depressive mood after EECP is due to reduced chest pain.

The pathophysiology behind the positive effect of EECP 
on depression is not known, but different pathways could be 
involved. In patients with depression, a reduced endothelial 
function has been found,28,29 and it has been demonstrated 
that endothelial dysfunction is associated with atherosclerosis 
in the early stage.30 EECP has been shown to improve the 
endothelial function, both biochemically and clinically. A 
decline in the potent vasoconstrictor endothelin-131 and 
a rise in nitric oxide32 were reported in smaller studies. 
Clinically, an improvement in the endothelial function 
was demonstrated by flow-mediated vasodilatation in the 
brachial artery33 as well as reactive hyperemia peripheral 
arterial tonometry.34 It therefore seems possible that the 

stress produced by EECP improves the reduced endothelial 
function seen in depression and that this may be a part of 
the pathophysiologic mechanisms explaining the effect of 
EECP on depression in patients with ischemic heart disease 
and refractory angina pectoris.

Furthermore, depression is known to be correlated with 
an increase in a wide range of inflammatory parameters,35 
and ischemic heart disease inflammation is known to 
play a role in the development of coronary plaque.36 An 
increase in inflammatory parameters, as for example high 
sensitive C-reactive protein measured in the peripheral 
blood, is a marker of high risk in patients with coronary 
artery disease.37 These inflammatory parameters have been 
found to decline during EECP treatment.38 Reduction in 
inflammatory parameters by EECP may thus also be a part of 
the yet unknown mechanism explaining the effect of EECP 
on depression. Finally, it cannot be excluded that the daily 
contact with a nurse 5 times a week for 7 weeks may have 
had an unspecific positive effect on depression.

Limitations of the Study
Although the effect of EECP on depression was 

significant, the number of patients was small, and the study 
was not randomized. Larger randomized controlled studies 
are needed to confirm the findings of this study.

CONCLUSION

This study indicates that EECP is an effective treatment 
for depression in patients with refractory angina pectoris 
and that the effect is still present 12 months after EECP. The 
effect of EECP on depression does not seem to be related 
to the effect on chest pain, and the effect is unlikely to be 
caused by regression-toward-the-mean.

Table 5. Association Between Baseline Variables and 
Improvement in Depressive State (Major Depression 
Inventory Rating Scale) During Enhanced External 
Counterpulsation
Variable Statistic P Value
Age r = 0.17 .092
Body mass index r = 0.18 .066
Systolic blood pressure r = 0.14 .17
Gender t =0.64 .53
Diabetes t =0.83 .41
Previous myocardial infarction t =0.58 .57
Previous revascularization t =0.53 .60
CCS class > 2/≤ 2 t =0.52 .61
Medication

Antidepressant t =3.74 < .0005
β-blocker t =1.18 .25
Calcium channel blocker t =0.59 .56
Long-acting nitroglycerin t =0.59 .56
Nicorandila t =0.22 .83
ACE/ARB t =0.23 .82
Diuretic t =0.18 .86
Statin t =0.24 .81
Morphine t =0.62 .54

aNicorandil is a vasodilator that is not available in the United States.
Abbreviations: ACE/ARB = angiotensin-converting enzyme inhibitor/

angiotensin receptor blocker, CCS = Canadian Cardiovascular Society.
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