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ABSTRACT

0z

Introduction: Symptomatic chronic heart failure is an important health
problem that limits the daily life, quality of life, effort capacity and
physiological condition of the patients. In subset of these patients
symptoms persist despite optimal medical management. Enhanced
External Counterpulsation (EECP) is a non-invasive Food and Drug
Administration (FDA) approved therapy which improves symptoms
and clinical outcomes in patients with heart failure. However, there
is limited data in Turkish cohort. In this study, we investigated the
clinical effects of EECP on multiple parameters in Turkish patients with
symptomatic chronic heart failure.

Material and Methods: Twenty-one individuals who were diagnosed
with symptomatic chronic heart failure (left ventricular ejection
fraction <40%) with New York Heart Association Class (NYHA) II-I1I
were enrolled in the study. Patients were assigned to 35-session EECP
treatment. NYHA classification, SF-36 quality of life questionnaire,
Minnesota living heart failure questionnaire, quality of life index
cardiac version-IV and Beck depression scale were assessed, and
6-minute walk tests were performed before and after EECP treatment.

Results: The mean age of the patients was 57.4+12.5 years. EECP
therapy resulted in significant improvement in NYHA functional class,
quality of life index, effort capacity and pyhsiological condition in all
patients without any adverse event (p=0.001).

Conclusion: Enchanced external counterpulsation treatment
significantly improved clinical parameters and effort capacity in
patients with symptomatic heart failure. These results suggest that
EECP is an effective and a safe therapy in Class II-III heart failure
patients whose symptoms persist despite optimal medical management.
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Giris: Semptomatik kronik kalp yetmezligi hastalarin giinliik hayatini,
hayat kalitesini, efor kapasitesini ve psikolojik durumunu olumsuz
yonde etkileyen onemli bir saglik problemidir. Optimal medikal
tedaviye ragmen bir grup hastada sikayetler devam eder. Giiglendirilmis
Eksternal Kontrpulsasyon (EECP) tedavisi kalp yetmezligi hastalarinda
semptomlar1 ve klinik sonuglari iyilestiren, FDA (Food and Drug
Administration) onayl, girisim gerektirmeyen bir tedavi yontemidir.
Buna ragmen Tiirk hastalarda kisith bilgi mevcuttur. Bu ¢aligmada,
semptomatik kronik kalp yetmezligi olan Tiirk hastalarda EECP’nin
bircok parametreye etkisi arastirilmustir.

Materyal ve Metodlar: New York kalp yetmezligi st (NYHA) II-
III olan semptomatik kronik kalp yetmezligi (sol ventrikiil ejeksiyon
fraksiyonu <%40) tanis1 almis 21 hasta ¢aligmaya dahil edilmistir. Hastalar
35 seans EECP tedavisine alinmgtir. Hastalara NYHA siniflamasi, “SF-
36 quality of life” (yasam kalitesi 6lcegi) anketi, “Minnesota living heart
failure” (Minnesota kalp yetmezligi ile yasam) anketi, “quality of life
indeks cardiac version-IV” (yasam kalitesi indeksi, kardiyak versiyonu)
skorlamasi ve “Beck” depresyon skalasi uygulanarak, tedavi 6ncesi ve
sonrasi 6 dakika yiiriime testleri yapilmustir.

Bulgular: Hastalarm ortalama yas1 57,4+12,5 yil idi. Tim hastalarda
EECP tedavisi higbir advers olay goriilmeden NYHA fonksiyonel
smiflamasi, hayat kalitesi indeksi, efor kapasitesi ve psikolojik durumda
belirgin iyilesmeye neden olmustur (p=0,001).

Sonug¢: Semptomatik kalp yetmezIligi hastalarinda EECP tedavisi klinik
parametreleri ve efor kapasitesini iyilestirir. Bu sonuglar gostermistir
ki EECP tedavisi optimal medikal tedaviye ragmen semptomlar:
devam eden NYHA smuf II-III hastalarda etkili ve giivenli bir tedavi
yontemidir.

Anahtar Sozciikler: kalp yetmezligi, semptom, hayat kalitesi,
depresyon, EECP
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Introduction

Heart failure is a common clinical condition with high morbidity
and mortality rates. Despite advances in medical therapy
and invasive procedures, it is still a serious cardiovascular
condition leading to cardiovascular life threatening events, poor
prognosis and degradation of quality of life (1). New York Heart
Association (NYHA) class, depression and the 6-min walk
test have been reported to be the predictors of quality of life in
patients with heart failure (2). The primary objective of heart
failure treatment is to improve symptoms, health related quality
of life and reduce mortality and morbidity (3). Despite optimal
medical treatment, there are still many patients who suffer from
persistent symptoms and had to restrict their activities. Enhanced
external counterpulsation (EECP), is a non-invasive therapy
that has been approved by the United States Food and Drug
Administration (FDA) for the management of heart failure. In
patients with heart failure, EECP treatment was associated with
significant improvements in exercise capacity, exercise duration
and quality of life (4).

The aims of our study are to investigate the clinical effects of
EECP treatment on multiple parameters associated with quality
of life and physiological condition in Turkish patients with
symptomatic heart failure who have been on optimal medical
treatment.

Methods

Twenty-one individuals who were diagnosed with symptomatic
chronic heart failure (left ventricular ejection fraction <40%)
with New York Heart Association Class (NYHA) II-III
were enrolled in the study. The medical history and current
medications of the patients were collected from the patients’
medical records. All patients were on optimal medical treatment.
Twenty-four percent of the patients had biventricular pacemaker
and 38% had internal cardiac defibrillator. Patients with unstable
angina, acute myocardial infarction, decompensated heart
failure, uncontrolled systemic hypertension (=180/110 mmHg),
severe aortic regurgitation, severe cardiac arrhytmia that would
interfere with EECP triggering, acute deep vein thrombosis,
phlebitis, use of anticoagulant with INR >3, haemorrhagic
diathesis, pregnancy, abdominal aortic aneurysm >5 cm, aortic
dissection, and those who refused to sign the informed consent
or were not able to complete the questionnaires on their own
are excluded from the study. Eligible patients were referred for
EECP therapy by the same cardiologist, and all patients signed
a consent form. This study was performed according to the
Helsinki Declaration.

EECP is a non-invasive FDA approved therapy for the
management of congestive heart failure. The EECP therapy
consists of electrocardiogram-gated rapid, sequential
compression of the lower extremities taking place during diastole,
followed by simultaneous decompression during systole. It
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consists of three sets of pneumatic cuffs attached to each of the
patient’s legs at the calf, and lower and upper thigh. The inflation
of the cuffs is triggered by a computer, inflation and deflation
timing are followed by a finger plethysmogram, and the timing
of the inflation is based on the R wave of the electrocardiogram.
The inflation of the cuffs during diastole produces aortic
counterpulsation, resulting in diastolic augmentation of blood
flow which leads to an improved coronary perfusion during
diastole. On the other hand, simultaneous deflation of the
cuffs before the onset of systole causes systolic unloading, and
decreases the cardiac workload. Although the hemodynamic
effects are similar to those of intra-aortic balloon pump, EECP
therapy also increases venous return.

All patients were assigned to 35-session EECP treatment. Each
treatment session was 1 hour/day.

Three pneumatic cuffs were placed around the lower limbs,
upper limbs and buttocks, and were inflated sequentially upward
at the onset of diastole, and released simultaneously before
the onset of systole. All patients were monitored with pulse
oximetry during the treatment session, and were weighed daily.
Patients whose oxygen saturation dropped by >4% or whose
weight increased during treatment were re-evaluated for the
continuation of the therapy. The applied pressure was 280-300
mmHg, and this was reached within 5 minutes of the initiation
of the treatment.

All patients were classified according to the NYHA functional
classification by the same blinded medical personnel before
and after the treatment. For the evaluation of the functional
effort capacity, 6-minute walk test (6 MWT) was performed
Minnesota Living with Heart Failure questionnaire (MLHF-Q),
SF-36 quality of life questionnaire, quality of life index cardiac
version-1V, and Beck depression scale were assessed before and
after EECP treatment.

MLHF-Q is a heart failure specific questionnaire consisting
of 21 items with 6-point response scale from 0 to 5, leading to
a total score. A higher score indicates worse health score (5).
The SF-36 is a self-administrated questionnaire designed for
assessment of health related quality of life. It consists of 36 items
divided into 8 subscales of health: i.e., physical functioning, role
physical, bodily pain, general health, vitality, social function,
role emotional and mental health. All scores are transformed to
arange from 0 to 100, with higher scores indicating better health
status (6). Quality of life index cardiac version scale is a measure
of subjective well-being that assesses satisfaction with various
domains of life. Seventy-four items divided into two parts: Part
1 (Satisfaction; 37 items) and Part 2 (Importance; 37 items).
The scoring scheme provides a score range from 0 to 30, with
higher scores reflecting higher levels of quality of life (7). Beck
depression scale is a 21-question self-report inventory, relating
to cognitive, affective and somatic symptoms of depression.
Each response is scored from 0 to 3, indicating the severity
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of symptom and at least the severity of depression (range 0 to
63). Based on the scores, severity of depressive symptoms was
categorized into the following groups: minimal (0-13), mild
(14-19), moderate (20-28), and severe (29—63) (8).

Before measuring 6-minute walk distance, a physical therapist
explained the procedure to the patients. They were told to walk
as fast and long as possible on a 30-meter walkway that was
marked every 3 meters. Patients were allowed to stop and rest
or reduce their walking speed if they felt shortness of breath or
fatigue. The test was suspended if the patients experienced chest
pain, dyspnea, leg cramps, hydrosis, and cyanosis.

The assessment of the NYHA functional capacity, questionnaires
and the 6MWT were made by the same blinded medical
personnel.

Table 1. Clinical characteristics of study population
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Statistical Analyses

The SPSS 19 (SPSS Inc., an IBM company; Chicago, USA)
package was used for statistical analysis. Results are presented
as mean + SD. In comparing the results of patients before
and after the EECP treatment, continuous variables that were
normally distributed were analyzed with the 2-tailed t test,
and unequally distributed variables were analyzed with Mann-
Whitney U test. A p-value less than 0.05 was considered as
statistically significant.

Results

The mean age of the patients was 57.4+12.5 years; 76% were
male, 80% had ischemic heart failure, 52% had a previous history
of coronary stent implantation, 52% had coronary artery bypass

n % Mean + SD
Gender male/female 16/5
Age 57.4+12.5
Smoking 2 9.5
Hypertension 12 57.1
Diabetes mellitus 8 38.1
Hyperlipidemia 12 57.1
Heart Eailure (LVEF <40%) — %; 81 (())%
ischemic CMP —dilate CMP

4 19.1
Coronary stent 11 52.4
CABG-O 11 52.4
PAH 2 9.5
CKD 4 19
ICD 6 38.1
CRT-D 5 23.8
ACE-I/ARB 11/10 52.4/47.6
Beta-blocker 20 95.2
Furosemide 21 100
Spiranalactone 20 95.2
Digoksin 19 90.4
Ivabradine 15 71.4
Statin 12 57.1
Clopidogrel 8 38.1
Acetylsalicylic acid 14 66.7
Warfarin 2 9.5
AF 1 4.7
LBBB 5 23.8
Fasting glucose 137.2+44.1
Total cholesterol 326+181.4
Triglyceride 134.3+42.1
LDL-C 102.5+41.2
HDL-C 38.0+11.3
ALT 28.5+13.8
AST 26.6+7.5
Urea 29.9+24.1
Creatinine 2.3+6.9
Haemoglobin 12.241.6
Haematocrit 39.745.1

LVEF, left ventricular ejection fraction; CMP, cardiomyopathy; CABG-O, coronary artery bypass greft operation; PAH, peripheric artery disease; CKD, chronic kidney disease; ICD,
internal cardiac defibrillator; CRT-D, cardiac resynchronization-defibrillator; ACE-I/ARB, ACE-inhibitors/angiotensin-II receptor blockers; AF, atrial fibrillation; LBBB, left bundle

branch block
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Table 2. The effects of EECP on multiple parameters associated with quality of life, daily life, physiological condition and functional effort capacity

Before EECP After EECP N P
NYHA class 1.6+1.5 0.6+0.7 21 0.001
SF36 score 75.545.2 119.9+13.6 21 0.001
Minnesota living heart failure score 66.7+£29.5 22.8426.2 21 0.001
BECK score 8.2+7.9 2.444.6 21 0.001
Quality of life index cardiac version-IV 288.8+34.1 346.3+49.5 21 0.001
6-minute walk test 237+46.8 364+50.9 21 0.001

NYHA, New York Heart Association.

surgery, 57% had hypertension, 38% had diabetes mellitus and
57% had hyperlipidaemia (Table 1). On the average, patients
underwent an EECP treatment course of 35 hours with 100%
completing the therapy. There were no significant changes in
concomitant medication uses, and no serious adverse effects
throughout the treatment.

EECP therapy resulted in significant improvement in NYHA
functional class (1.6+1.5 vs 0.6+£0.7, p=0.001). After the
treatment, SF-36 score increased significantly (75.5+5.2
vs 119.9+£13.6, p=0.001). All patients showed significant
improvement in the Minnesota living with heart failure score
after the 35-session of the treatment (66.7+29.5 vs 22.84+26.2,
p=0.001). The physiological status of patients improved after
the end of treatment (Beck score 8.2+7.9 vs 2.4+4.6, p=0.001).
Quality of life index cardiac version-IV scores also showed
gradual improvement after the 35-session treatment (288.8+34.1
vs 346.3+49.5, p=0.001). 6- minute walk test results improved
significantly after the treatment (273+46.8 vs 364+50.9,
p=0.001). (Table 2).

Discussion

Heart failure is a burden to patients and health care systems (9).
Despite of markedly improved options of treatment, chronic
heart failure is associated with recurrent worsening of symptoms.
Decreased physical activity depending on symptoms is associated
with adverse phycho-social outcomes and poor quality of life
including depressive symptoms in patients with heart failure.
Independent of other factors, low health related quality of life
has been shown to impact on hospitalisations and mortality (10).
Depressive symptoms also correlate with poorer quality of life
in patients with heart failure (11). NYHA functional status also
found to be correlated with the prevalence of depression (12).
All these findings may support the opinion that quality of life,
physiological status, and functional capacity are correlated with
each other. This may be because worse physiological status
has a negative effect on adherence to therapy. Poor medication
adherence may have adverse effects on progression of heart
failure, and may affect health related quality of life. On the other
hand, heart failure patients also have lower exercise capacity. In
many studies, it was shown that patients with a 6MWD <300

meters have increase mortality and morbidity (13). Promotion
of life quality is one of the major goals of cardiac patients. Poor
health related quality of life is a predictive factor for hospital
readmissions (14). Physical mobility and emotional status play
a strong role in determining health related quality of life. This
study demonstrated that 35-session EECP treatment resulted in
significant improvement in many parameters associated with
quality of life including depression and 6-minute walk distance
in patients who were under optimal medical treatment. By
positively improving all these factors, EECP provides valuable
support to the management of heart failure.

A study of 26 patients with heart failure (class II-IIl NYHA and
average EF of 23%) showed clinical benefit without any major
adverse cardiac effect (4). In the large randomized PEECH
trial (15), patients with heart failure who were randomised to
EECP treatment showed at least a 60-second increase in exercise
duration, and significant improvement in NYHA classification at
the 6-month post treatment period. In addition, EECP has been
shown to reduce emergency room visits and hospitalization in
coronary artery disease patients with left ventricular dysfunction.
The data from the International EECP Patient Registry (IEPR)
showed that in heart failure patients with an EF of 35% or less,
81% had no exacerbation of congestive heart failure during two-
year follow-up (16).

In patients with left ventricular dysfunction, EECP therapy
increases cardiac output and cardiac index by increasing right
atrial mean pressure and pulmonary capillary wedge pressure.
During the cuff deflation, it reduces afterload, and decreases
cardiac workload. In ischemic myocardium, by increasing
coronary blood flow, EECP therapy is thought to promote
myocardial collateralization. Increased coronary blood flow
and thus shear stress also improve coronary endothelial
function promoting new vessel formation by angiogenesis, and
arteriogenesis (17). In summary, mechanism of action studies
showed that EECP exhibits its clinical effectivity through neuro-
hormonal and endothelial function improvement, and collateral
development. Our findings suggest that in addition to these
hemodynamic effects EECP treatment has a positive impact on
quality of life, exercise capacity, and physiological status.
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The small sample size of the study is the limitation of our study,
thus this limits our ability to generalize the results. The lack of
long term follow-up is another important limitation of our study.
Future studies with larger sample sizes are needed to confirm
these results.

In conclusion, EECP is an effective and also a safe therapy in
patients with Class II-III heart failure whose symptoms persist
despite optimal medical treatment.
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