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Enhanced External Counterpulsation in Patients
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A signicant increase in the number of patients with heart failure of varied etiology has been observed in
the recent years. Apart from pharmacological and surgical therapies, new, non-invasive assistance methods of
cardiovascular system are still sought. One of them is external counterpulsation. Within this study, eectiveness
of such a form of therapy has been examined in a group of 10 patients with an ischemic left ventricular systolic
dysfunction. It has been shown that external counterpulsation has a benecial inuence onto the result of a
six-minute walk test and causes a slight decrease in the creatinine concentration in the patients undergoing the tests.
PACS: 47.63.Ec, 82.60.Fa
•

1. Introduction

an increase in the diastolic pressure of left ventricle
lling,

Enhanced external counterpulsation (EECP) is a new,

•

non-invasive form of therapy used in patients with cardiac failure of varied etiology [13]. The idea of EECP is

decrease in the systemic resistance and increase in
venous return,

a modication of a widely clinically used invasive counterpulsation method with intraaortic balloon (IABP) [4, 5],

•

lowering of afterload,

•

improvement in perfusion of coronary vessels and

where a polyethylene balloon of exible walls is introduced into the aorta via the femoral artery. The balloon
is cyclically lled with gas (usually helium, minimizing

systemic organs.

the creation of an air-embolism in the case of a break)
and the diastole of the balloon is synchronized with the
systole of the heart muscle.

The lling of the balloon

during a systole of the heart causes a part of blood to
be transferred from the aorta to the coronary arteries.
A synchronization of the balloon action with the moment of left ventricle systole is achieved by detection of
the

R

wave in the QRS complex or, in modern solutions,

by measurement and analysis of blood pressure wave in
the aorta with the use of a bre-optic sensor [610]. The
synchronization itself constitutes a part of the signicant
problem of automation of mechanical heart supporting
process [1015].
Unlike intraaortic counterpulsation, the external coun-

Fig. 1. Principle of external counterpulsation action.

terpulsation is a completely non-invasive method consisting in a cyclical pressing of lower limbs with the use of
pneumatic cus (Fig. 1).

The cus are located around
Compressed air is trans-

One of the best recognized mechanisms of therapeutic

ferred to the subsequent cus causing their systole and

action of external counterpulsation is an improvement

pressure of the chosen areas of the limbs. As a result of a

in perfusion resulting from an increase of diastolic pres-

sequential lling of the individual cus with air, a trans-

sure [6]. The other mechanisms of the EECP benecial

fer of blood happens from the well supplied with blood

action onto blood circulation, such as: opening or cre-

big parts of muscles of lower limbs in the direction of the

ation of collateral circulation, changes in the function of

heart. The systole of the cus is synchronized with the

endothelium cells or changes in the concentration of na-

systole of the heart muscle. It has been proven [13, 6]

triuretic factors are not fully understood or explained.

calves, thighs and buttocks.

that the following are an eect of the described system
of external counterpulsation:

In order to achieve the expected therapeutic eect, the
pressure of air lling the collars must be higher than the

(866)
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systolic blood pressure and the process of applying pres-

sessment of blood ow changes in collateral vessels close

sure to the individual parts of lower limbs must be syn-

to body surface), electrocardiogram and the values of

chronized with the patient's heart rhythm. The scope of

arterial blood saturation measured with a non-invasive

air pressure in the cus is from 90 to 300 mmHg. The

pulseoximetric sensor put on the patient's nger.

treatment of external counterpulsation is performed un-

recommendations and contraindications for EECP have

der a permanent pletysmographic control (enabling an as-

been presented in Table I [2, 3, 7].

The

TABLE I
Recommendations and contraindications for EECP therapy.
Recommendations
Contraindications
• patients with angina pectoris not responding
• arrhythmias disturbing the action of the assistto pharmacotherapy, limiting their activity in
ing apparatus
order to avoid eects of the angina
• hemophilia
• patients who do not want to undergo an inva• thrombophlebitis
sive operation of revascularization
• acute arterial obstruction of lower limbs
• decreased systolic function of left ventricle
• proven aortic aneurysm requiring surgical inEF < 35%
tervention
• co-existence of diseases that increase surgery•
pregnancy
associated risks (diabetes, renal insuciency,
lung diseases)
• moderate or acute aortic regurgitation
• patients disqualied from invasive revascular• blood pressure exceeding 180 mmHg
ization
• medical history of pulmonary embolism
• patients with small-vessel disease
• acute chronic obstructive pulmonary disease
• elderly patients with a higher risk of disorders
(COPD)
or death as a result of intervention with an invasive method
patient was assessed from the point of view of the six-

2. Aim of the study

The aim of the research was an initial assessment of
a therapeutic action of external counterpulsation in patients with left ventricular dysfunction.

tion the patients were not given oxygen nor medicines by
continuous infusion. Also the level of creatinine, sodium
and natriuretic peptide in blood were assessed. The same

3. Material and methodology of examinations

The examinations were carried out on a group of

66 ± 7

-minute walk distance  6MWT. During this examina-

parameters were given analysis after the completed cycle
of treatments. The six-minute walk test was applied to
assess the cardiac function.

years) with diagnosed

Due to the small number of tests, the unknown dis-

signicant ischemic left ventricular systolic dysfunction

tribution of a random variable in population and group

(LVSD). Assessment was given to chosen biochemical

connection, assessment of statistical results characteris-

(creatinine, sodium and B-type natriuretic peptide NT-

tics of the measured parameters before and after the ap-

proBNP [16] concentration in the blood) and functional

plication of external counterpulsation has been done with

(the six-minute walk distance) parameters in patients

Wilcoxon signed-rank test [8] at the level of signicance

before and after treatment of external counterpulsation.

p = 0.05.

ten patients (men, age

Each patient was given 35, one-hour long treatments.
A

prototype

apparatus,

ECP-100

constructed

by

ters before and after application of EECP is zero;

It is made

H1: the median of the dierence of measured parame-

a central unit (computer controlling contractions

ters before and after application of EECP is other than

ITAM [7], was used in the examinations.
of:

The following hypotheses have been made:

H0: the median of the dierence of measured parame-

of the cus), an ECG module with on-skin electrodes,
pulseoximeter and cus put around the patient's calves,

zero.
Calculations have been done with Statistica software.

thighs and buttocks. During the treatment, the air pressure in the cus was 90200 mmHg.

4. Results

The cardiac function was assessed by means of the six-minute walk test and measurements of the sodium con-

During EECP therapy the following signals were mon-

centration in the blood. The function of the kidney was

itored: pletysmogram, ECG and pressures in the cus.

monitored by measurements of the concentration of cre-

The demonstration course of the treatment has been pre-

atinine in the blood. Before the counterpulsation, every

sented in Fig. 2.
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been presented in Table II. The comparison of medium
values of the measured parameters and their standard
deviations in patients before and after the application of
EECP has been presented in Table III.

Characteristics of examined group  summary. TABLE II
number of examined patients
10
age of patients [years]
66 ± 7
number of ECP [n]
35
patient's average total time of treatment [min] 1997 ± 100
Fig. 2. Course of the EECP therapy (from above): pletysmogram, ECG (lead I), ECG (lead III), pressure
wave in the cu.

The statistical analysis of the measured parameters revealed (Fig. 3), that the H0 hypothesis may be dismissed
for the 6 min walk test (p
tion of natriuretic peptide (p

= 0.0179) and concentra= 0.0464) but there are no

statistical proof to reject this hypothesis for creatinine
During the treatments applied so far, none of the pa-

(p

= 0.6858)

and sodium (p

tients undergoing EECP therapy had complications ob-

the level of signicance

served.

value).

The characteristics of the examined group has

= 0.6749) measurements at
p = 0.05 (cf. Table III, the p

TABLE III
Comparison of values of measured parameters and the result of statistical test
before and after application of EECP therapy.
Before EECP
After EECP
Parameter
p
quartile
quartile
median 25%/75% median 25%/75%
distance of the 6 min walk test [m] 435
359/465
495
415/504
creatinine [µmol/l]
87.9 84.1/96.0 79.0 72.6/90.0 0.6858
sodium [mmol/l]
135
134/138
138
135/140 0.6749
NTproBNP [pg/ml]
417.0 346.0/488.6 229.6 178.2/273.3
0.0179

0.0464

slightly decreased and the Na concentration did not sig-

5. Discussion

The treatment of external counterpulsation is per-

nicantly change. The testing of statistic hypothesis re-

The

vealed the presence of statistically signicant dierences

therapeutic increase of diastolic pressure causes an in-

between medians of results of the 6 min walk test and the

crease in the perfusion pressure in epicardial coronary

concentration of NTproBNP before and after treatment

arteries and cardiac perfusion [2].

The mechanisms of

by means of EECP. The improvement of those parame-

a benecial eect of external counterpulsation are dis-

ters indicates on the eectiveness of EECP therapy. It is

covered anew in clinical practice.

Applebaum et al. [6]

most probable that the improvement in blood supply to

proved that a sequential external counterpulsation in-

kidneys after the treatment caused this benecial hemo-

creases cerebral blood ow and renal circulation. In our

dynamic eect.

formed under pletysmographic recording control.

study the inuence of EECP therapy on the blood pres-

Literature shows vast evidence of an improvement in

sure wave has been unambiguously pointed out: the com-

physical function.

parison of the pulse waves of the patient without and

external counterpulsation (MUST-EECP) examination,

during supporting has been presented in Fig. 5 (the mea-

randomized, controlled placebo with a double-blind test

surements were carried out by means of non-invasive,

assessed the eectivity of EECP in patients with ischemic

pulseoxymetric sensor, therefore the vertical scales of the

heart disease and symptoms of angina not undergoing

charts were not presented).

standard treatment. It was proven that external counter-

The multicenter study of enhanced

In the group of patients, with signicant ischemic left

pulsation decreases the symptoms of angina and extends

ventricular systolic dysfunction, under our assessment,

the time to the strain reduction of ST segment (the sec-

the following parameters improved: the distance of the

tion of ECG between the S and T waves, corresponded

6 min walk test and the level of natriuretic peptide (cf.

to the myocardial repolarization) in patients with symp-

Fig. 4 and Table III). Moreover, the value of creatinine

tomatic coronary disease [9].
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6. Conclusions

1. External counterpulsation seems to be a safe and
eective method of treatment, and assisting pharmacotherapy, for patients with ischemic left ventricular systolic dysfunction.
2. Counterpulsation is benecial for the improvement
of the functioning of kidneys in patients with cardiovascular insuciency.
3. Treatments of external counterpulsation improve
physical function assessed by 6 min walk test.
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Fig. 3. The results of statistical analysis: medians,
quartiles and range of data for analyzed probe.
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Fig. 4. Pulse pressure waves of the patient without
(top) and during (bottom) EECP therapy (S  systolic
pressure, D  diastolic pressure, Da  intensication
of diastolic pressure caused by EECP therapy).
The test of six-minute walk (6MWT) is a safe test, easy
to carry out and well tolerated by patients in comparison
with other strain tests.

The distance measured during

the 6 min walk is usually completed with a measurement of blood oxygenation of arterialized capillary blood
before and after the test with the use of a pulseoximeter (SpO2 ) as well as with a non-invasive measurement
of blood pressure. During this test, the patients should
make, within 6 min, a certain distance on a at area at
their own pace.

Guidelines do not recommend a con-

veyor track nor tracks of circular shape.
In patients given the treatment of counterpulsation,
an increase in the 6 min walk distance was stated from
437 m to 490 m. An increase of strain tolerance assessed
with the 6 min walk may signicantly improve quality
of life for patients with ischemic left ventricular systolic
dysfunction.
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