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Comparison of long term clinical outcomes, event free survival
rates of patients undergoing enhanced external counterpulsation
for coronary artery disease in the United States and Turkey

Amerika Birlesik Devletleri ve Tiirkiye’de koroner arter hastaligi nedeni ile
guclendirilmis eksternal kontrpulsasyon tedavisi goren hastalarda
olaysiz sagkalim oranlari ve uzun dénem klinik sonuclarinin karsilastiriimasi
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ABSTRACT

Objectives: This study assessed the long-term efficacy
of EECP (Enhanced External Counterpulsation) in Turkish
(TR) patients initially and compared these results with the
United States (US) in a real world setting.

Study design: In this study, 2072 patients were treated
and followed in the US and 82 patients were treated and
followed in TR. The International EECP Patient Registry
Phase | and Il was initiated and coordinated at the Univer-
sity of Pittsburgh. The aim of the “registry” was to assess
the outcomes of clinical trials in a real world setting. Another
unique feature of this study was to enroll patients not only
from university hospitals but also from private hospitals,
educational hospitals, and treatment centers.

Results: TR patients had less diabetes, hypertension, and
hyperlipidemia than US patients (p<0.01). TR patients also
had a higher proportion of diastolic augmentation (p<0.001).
Both groups showed a significant reduction in the severity of
angina after a 35h EECP course (p<0.001). Major Adverse
Cardiac Events (MACE) rate (death, coronary artery by-
pass graft, percutaneous coronary intervention, myocardial
infarction) was low in both groups during treatment (2.5%
vs. 2.7%). At 1 year follow up, 84% of TR and 76% of US
patients had maintained the improvement of angina.

Conclusion: Patients presenting for EECP treatment from
TR had different baseline profiles from US patients. How-
ever, despite the high risk baseline characteristics, both co-
horts achieved similar reduction in angina. In the long term
follow-up, the MACE rate was low and the improvement af-
ter EECP was sustained in most of the patients.

OZET

Amac: Guglendirilmis eksternal kontrpulsasyon (EECP) te-
davisi goren ilk Turk (TR) hasta grubunun klinik sonugla-
ri, Amerika Birlesik Devletleri’ndeki (ABD) sonuglarla kargi-
lastirildi ve EECP’nin uzun dénem etkinligi degerlendirildi.

Calisma plani: Bu calismada, ABD’den 2072 hasta,
TR’den 82 hasta tedavi edilerek izlendi. “The Internati-
onal EECP Patient Registry Phase | and II” Pittsburgh
Universitesi'nde baslatilip ve koordine edildi. Kayitlarin
amaci, klinik calisma sonuclarini gercek yasam sartlarin-
da degerlendirmekti. Bu ¢alismanin bir diger énemli 6zel-
ligi ise sadece Universite hastaneleri degil, ayni zamanda
Ozel hastaneler, egitim hastaneleri ve tedavi merkezlerin-
den de hasta alinmasiydi.

Bulgular: TR hastalarda diyabet, hipertansiyon, hiperlipi-
demi daha azdi (p<0.01), diyastolik augmentasyon orani
daha yuksekti (p<0.001). Her iki grupta da, 35 saat EECP
tedavisi sonrasi anjina pektoris siddeti énemli dl¢tide azal-
ma gosterdi (p<0.001). Major istenmeyen kardiyak olay
(MACE) orani (6lum, koroner arter baypas greft, perkitan
koroner girisim, miyokart enfarktlisi) EECP tedavisi sira-
sinda her iki grupta da dislkti (%2.5 ve %2.7). Bir yil ta-
kip sonucunda TR hastalarinda %84, ABD hastalarinda
%76 oraninda anjina sinifindaki iyilesme devam ediyordu.

Sonuc: EECP tedavisi alan TR hasta grubunun temel ka-
rakteristik 6zellikleri ABD grubundan farkliydi. Bununla bir-
likte, yuksek risk profiline ragmen, her iki hasta grubun-
da anjina siddetinde benzer azalma saglandi. Uzun dénem
takiplerinde, MACE orani dusuktl ve hastalarin ¢ogunda
EECP tedavisi sonrasi iyilesme devam ediyordu.
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Abbreviations:
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therapy and invasive MusT-

EECP  Multicenter Study of
procedures, such as Enhanced Counter Pulsation

percutaneous coronary  pci
intervention (PCI) and
cardiac bypass surgery
(CABG), there are an estimated 300,000 to 900,000
patients in the US who suffer from disabling an-
gina.*? In Turkey, the prevalence of atherosclerotic
heart disease is 3.8% in adults (4.1% in men, 3.5%
in women).B! Age-adjusted (45-74 years) overall car-
diac mortality rate in Turkey is 7.4 and 4.1 per 1000
person-years in men and women, respectively.®3

Percutaneous coronary
intervention
TR Turkish

Daily tasks such as climbing a flight of stairs,
walking a dog, or mowing the lawn become infeasible
without experiencing chest pain for these difficult-to-
treat patients.®”! Current non-pharmacologic options
for patients with disabling angina are limited. En-
hanced external counterpulsation (EECP) therapy of-
fers a safe and effective treatment option for such pa-
tients. Several placebo controlled randomized®®! and
non-randomized clinical studies®®*®! have shown
beneficial effects of EECP in CAD patients including
significant reduction in angina symptoms, improve-
ment in objective measures of myocardial ischemia,
functional capacity, and improvement in left ventricu-
lar function (both systolic and diastolic).[!

EECP therapy is a noninvasive, outpatient treat-
ment consisting of electrocardiography (ECG)-gated
sequential leg compression, which produces hemody-
namic effects similar to those of an intra-aortic bal-
loon pump. However, EECP therapy also increases
venous return different from an intra-aortic balloon
pump.l8 Since 1999, it has gained wide acceptance in
the management of severe angina in the US.

It has been approved by the Food and Drug Ad-
ministration for the treatment of stable angina, unsta-
ble angina, cardiogenic shock, acute myocardial in-
farction and heart failure. Although primarily used in
the United States the treatment is now also being used
in Turkey. The purpose of this study is to compare
the efficacy, repeat EECP and one year major adverse

cardiovascular rates in patients treated with EECP for
angina management in the Turkish (TR) population
and within the US in a real world setting.

PATIENTS AND METHODS

Patient population and study design

The International EECP Patient Registry (IEPR)
Phase I and 11 has been initiated and coordinated at the
University of Pittsburgh and has enrolled consecutive
patients who underwent EECP therapy for chronic an-
gina from 90 centers between 1998 and 2004. Since
all clinical outcome results on EECP have been com-
ing from clinical trials, the aim of the registry was to
assess the outcomes of the clinical trials in the real
world setting without using inclusion and exclusion
criteria. Another unique feature of this study was to
enroll patients not only from university hospitals but
also from private hospitals, educational hospitals, and
treatment centers.

In this study, 2072 patients were treated and fol-
lowed in the US and 82 were treated and followed in
TR. In Turkey, one center from Ankara was invited
to join the study since there was only one site in Tur-
key at the time of IEPR study initiation. The IEPR
methods have been described previously.[? Patients
in the IEPR were required to give informed consent.
The IEPR tracks the demographics, baseline charac-
teristics, clinical events, and outcomes of consecutive
patients who underwent EECP treatment for angina,
with no exclusion due to demographics, clinical sta-
tus, or outcome. At 1 year, patients were interviewed
by telephone or at a clinic visit, and data concerning
interim clinical events, hospitalizations, and current
symptomatology were recorded. Major adverse car-
diac events (MACE) were specified as the composite
of death, myocardial infarction, percutaneous coro-
nary intervention, and coronary artery bypass graft-
ing. Patient data were included only from sites with
85% complete follow-up.

EECP therapy is composed of an air compressor
unit, a computer module, 3 sets of pneumatic cuffs,
and a treatment table (Vasomedical, Inc, Westbury,
NY, US). Cuffs are wrapped around the patient’s
calves, thighs, and upper thighs (including buttocks)
and a computer-controlled pneumatic system acts to
inflate and deflate the cuffs. Inflation and deflation are
triggered by events in the cardiac cycle through micro-
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Table 1. Baseline characteristics

Turkey (n=82) United States (n=2072) p
% Mean+SD % Mean+SD

Age (years) 61.3+11.9 67+10.9 p<0.001
Age =65 (years) 42 59.7 p<0.01
Male 75.6 73.5
Prior PCI or CABG 57 88.6 p<0.001
Prior Ml 69.5 71.9
CHF 46.3 34.2 p<0.05
Family history of CAD 67.9 80.8 p<0.01
Hypertension 42.7 76.4 p<0.001
Hyperlipidemia 59.3 87.4 p<0.001
Diabetes 31.7 44.0 p<0.05
LVEF 40.6+18.9 46.6+14.6 p<0.001
Angina class

| 35.1 0.9 p<0.001

Il 26.0 7.1

I 221 64.7

1\ 16.9 27.3
Episodes of angina (week) 11.9+14.4 11.2+13.9
Medications

Beta blocker 51.2 76.3 p<0.001

CACB 19.8 41.9 p<0.001

ACEI 52.4 451

ARB 6.1 11.3
Lipid lowering 43.9 79.0 p<0.001

Nitrates 76.8 77.0
Nitro use (week) 14.2+15.8 9.1+11.3 p<0.01
Not candidate for PCI or CABG 67.9 88 p<0.001
Multivessel disease (>%70) 43.8 74.7 p<0.001

PCI: Percutaneous coronary intervention; CABG: Coronary artery bypass graft; MI: Myocardial infarction; CHF: Congestive heart failure; CAD: Coronary
artery disease; LVEF: Left ventricular ejection fraction; CACB: Calcium channel blocker; ACEI: Angiotensin converting enzyme inhibitor; ARB: Angiotensin

receptor blocker.

processor-interpreted electrocardio graphic signals.
Cuffs resembling oversized blood pressure cuffs—on
the calves and lower and upper thighs, including the
buttocks—inflate rapidly and sequentially via computer
interpreted ECG signals, starting from the calves and
proceeding upward to the buttocks during diastole.
This creates a strong retrograde counterpulsation in
the arterial system. This sequential compression re-
sults in augmented diastolic pressure which increases
coronary perfusion and provides enhanced afterload
reduction and increased venous return with a follow-

ing increase in cardiac output. Rapid deflation of the
cuffs at the onset of systole enhances systolic unload-
ing and reduces the workload of the heart by decreas-
ing peripheral vascular resistance. This is achieved
because the vascular beds in the lower extremities are
relatively empty when the cuffs are deflated, signifi-
cantly lowering the resistance to blood ejected by the
heart and reducing the amount of work the heart must
do to pump oxygenated blood to the rest of the body.
Systolic and diastolic pressure waves are monitored
throughout treatment by noninvasive finger plethys-
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mography. A typical treatment course consists of 35
one hour sessions over a 5-7 week period and is usu-
ally well tolerated with a low risk of adverse events.

Statistical analysis

Baseline characteristics are presented for categorical
variables as the proportion of patients who reported
and as mean = standard deviation (SD) for continu-
ous variables. Statistical significance was tested using
Chi-squared or Fisher tests for categorical analyses
and Wilcoxon tests for continuous variables. Kaplan-
Meier survival analysis was used to estimate rates of
adverse events at 1 year following start of EECP. Sta-
tistical differences were determined using the log rank
test. Two-tailed p values less than 0.05 were consid-
ered statistically significant.

RESULTS

In this study, 2072 were treated and followed in the
USand 82 in TR. TR patients were younger (p<0.001)
with a similar proportion of men (75.6% vs. 73.5%)
and were less obese than US patients (p<0.001). Dura-
tion of coronary artery disease was less in TR patients
(p<0.01) and previous revascularization was 57%
for TR patients vs. 89% for US patients (p<0.001).
Heart failure was reported in 46% of TR patients and
34% of US patients. TR patients were less likely to
have had PCI (p<0.001). CABG rates were 49% for
TR patients vs. 71% for US patients (p<0.001). Sixty
eight percent of patients from TR and 88% from US
were no longer candidates for further revasculariza-
tion (p<0.001). TR patients had less hypertension
and hyperlipidemia than US patients (p<0.001). TR
patients had less chronic renal insufficiency (p<0.01)
and peripheral vascular disease as well (p<0.001). Pa-
tients from TR had less Class I11 and 1V stable angina
(p<0.001) with a similar rate of unstable angina but
higher rates of heart failure. Forty four percent pa-
tients from TR and 75% from the US had multives-
sel disease (p<0.001). Medication use (beta blockers,
CA Channel blockers and lipid lowering drugs) was
higher in the US patients (Table 1).

After a mean treatment course of 33 hours for the
US group and 36 hours for the TR group (p<0.01),
91% of TR patients vs. 77% of US patients had at
least one Canadian Cardiovascular Society (CCS)
class angina reduction (p<0.01). MACE during the
treatment course (2.5% vs. 2.7%) and discontinuation

of nitroglycerin usage after the treatment was similar
in both groups (Table 2). At 1 year follow up, 83% of
TR patients and 76% of US patients had maintained
the improvement in angina class (p=NS); (Table 2).
Survival rate was 100% in TR and 96% in US. MACE
free survival rate was 95% in patients from TR vs.
83% in the US (p=0.011). Repeat EECP rates at 1 year
follow up were lower in TR patients (2.3% vs. 8.9%,
p<0.075).

DISCUSSION

Several randomized placebo controll*"-2%1 and non-
randomized trialst**13162-231 have demonstrated a firm,
positive clinical response among patients with CAD
treated with EECP. Benefits associated with EECP
therapy include reduction in angina and nitrate use,
increased exercise tolerance, favorable psychosocial
effects, and enhanced quality of life as well as pro-
longation of the time to exercise-induced ST-segment
depression and an accompanying resolution of myo-
cardial perfusion defects. Numerous clinical trials
have shown EECP therapy to be safe and effective for
patients with CAD, with a clinical response rate aver-

aging 70% to 80%, which is maintained up to 5 years.
[1,16,21,22,24,25]

Although placebo-controlled randomized and non-
randomized studies have shown beneficial effects of
EECP therapy, investigators saw the need to assess
the effectiveness of EECP in real-world settings, lead-
ing them to develop the IEPR under the management
of the University of Pittsburgh. The main aim of the
registry was to assess the outcomes of the clinical tri-
als in a real world setting without applying any inclu-
sion and exclusion criteria while maintaining indica-
tions and contraindications only.[?¢!

The present results show and reflect the utiliza-
tion patterns and cardiovascular outcomes in the real
world setting in two distinct patient populations who
have undergone EECP therapy. Patients treated with
EECP in TR and the US showed very different base-
line (demographic and clinical) profiles. However,
there was only one center in Turkey at the time of
IEPR study initiation; therefore, this one center was
invited to take part in this study. Hence, the results
from Turkey cannot be generalized to the entire Turk-
ish population.

Patients in our study had chronic multivessel coro-
nary artery disease. EECP therapy is often used for
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Table 2. Post-EECP outcome

Turkey (n=82) United States (n=2072) p
% Mean+SD % Mean+SD

Hours of treatment 36.3+5.4 33.3+9.1 p<0.01
Completed treatment 95.1 84.5 p<0.01
Diastolic augmentation

First peak 1.1x0.4 0.7+0.5 p<0.001

First area 1.1+0.4 0.9+0.6 p<0.01

Last peak 1.3+0.5 1.0+0.6 p<0.001

Last area 1.4+0.7 1.2+0.7 p<0.05
Angina p<0.001

No angina 69.6 17.4

Class | 16.5 19.4

Class Il 7.6 36.6

Class llI 5.1 20.0

Class IV 1.3 6.6
Angina down by <1 class 90.7 77.4 p<0.01
Episodes of angina (week) 1.2+3.2 2.8+6.4 p<0.05
PRN nitro use 23.8 38.9 p<0.01
Nitro frequency (week) 3.7+4.3 5.0+7.6
Events during treatment

Skin problems 0.0 3.2

Musculoskeletal 0.0 1.5

Unstable angina 0.0 3.7

CHF 0.0 2.0

Death 1.2 0.8

Ml 1.2 1.1

CABG 0.0 0.3

PCI 0.0 0.9

Death/MI/CABG/PCI 25 27
Angina status at 1 year
Angina p<0.001

No angina 67.4 27.0

Class | 27.9 17.2

Class Il 4.7 31.2

Class Il 0.0 19.0

Class IV 0.0 5.7

PRN: As needed; EECP: Enhanced external counterpulsation; CHF: Congestive heart failure; MI: Myocardial infarction; CABG: Coronary artery bypass
graft; PCI: Percutaneous coronary intervention.

patients with refractory angina pectoris; however, refractory to medical therapy or conventional revas-
patients who deny undergoing invasive revascular-  cularization techniques underwent EECP therapy. In
ization may undergo EECP therapy. In the US, the TR only 57% of patients had prior PCI or CABG and
majority of patients who were suffering from angina  32% were candidates for invasive revascularization at



328

Tirk Kardiyol Dern Ars

the time of EECP therapy. However, these patients de-
nied undergoing further invasive procedures.

Medication use (beta blockers, CA Channel block-
ers and lipid lowering drugs) were also significant-
ly higher in US patients. The major reasons for this
difference were higher side effect profiles seen in
polydrug therapy and low compliance rates seen in
TR patients.

Another interesting finding was that the diastolic
augmentation ratio was significantly higher in TR
when compared to the US at baseline. The finger ple-
thysmogram tracing is used to set, monitor and adjust
the timing of EECP therapy and to quantify the hemo-
dynamic effects of counterpulsation. During EECP,
cuff inflation and deflation change the arterial wave-
form so that the diastolic peak is elevated, indicating
diastolic augmentation, while the end diastolic pres-
sure and the systolic peak are lowered, demonstrating
systolic unloading. The measurement of augmentation
is based upon the ratio of the diastolic (D) to systolic
(S) wave, or the D/S ratio. The D/S ratio may be mea-
sured in terms of area or peak. The peak measurement
(P) is more common as it is easily done by estimation.
The goal of EECP is P >1.0, which is called optimal
therapeutic diastolic augmentation. One reason to ex-
plain this difference was that US patients had a more
extensive disease with higher rates of risk factors. At
the end of the EECP course, however, both groups
achieved optimal therapeutic diastolic augmentation
which can explain why both cohorts achieved similar
substantial reduction in angina with high event free
survival rates at 1 year follow up. Similar results have
been demonstrated in other studies.[*2%27281

The effects of EECP therapy on exercise-induced
myocardial ischemia and angina were evaluated in
MUST-EECP (Multicenter Study of Enhanced Coun-
ter Pulsation), the first multicenter, prospective, ran-
domized, double blinded, sham controlled trial in pa-
tients with refractory angina. This trial was conducted
at seven centers with 55 patients in the active EECP
group and 65 in the sham group completing the study.
[l Average pre-treatment and post-treatment exercise
duration, time to 1-mm ST-segment depression, daily
number of angina attacks and glyceryl trinitrate were
collected. Patients in the active EECP therapy group
showed a statistically significant increase in time to
exercise-induced ST-segment depression when com-

pared with sham and baseline, and reported a statisti-
cally significant decrease in the frequency of angina
episodes when compared with sham and baseline. Ex-
ercise duration increased significantly in both groups;
however, the increase was greater in the active EECP
group. Follow-up was done at 1 year to assess the
quality of life. There was a significant difference be-
tween the groups favoring the active EECP arm in re-
gards to quality of life.l[7 Our study results in regards
to angina reduction and low event rates confirmed the
results of randomized clinical trial outcomes in the
real world settings.

Mechanism of action studies suggests that EECP
shows its effectiveness through collateral develop-
ment, endothelial function and neurohormonal im-
provement 815222931

The best treatment options for patients with
disabling angina have not been fully described. EECP
therapy is a valuable, safe, outpatient procedure pro-
viding acute and long-term benefits in angina relief
in patients with symptomatic CAD with or without
congestive heart failure.

Conflict-of-interest issues regarding the authorship or
article: None declared
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