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Background: Enhanced external counterpulsation (EECP) is a noninvasive treatment option
widely applied in patients with erectile dysfunction (ED). The aim of this study is to review the
efficacy of EECP in patients suffering from ED.

Methods: PubMed, MEDLINE, Google Scholar, Tripdatabase, Scopus, and Cochrane library
databases were searched for articles with the following search terms: enhanced external coun-
terpulsation and erectile dysfunction. No restrictions with respect to study setting, date of
publication, and language were imposed.

Results: From an initial set of 208 records, 4 studies were selected after a final review. A total
of 177 patients with a mean age of 59.98 years were included in these studies, with 20-35 hours
per week of EECP treatment. Three studies used the International Index of Erectile Function
questionnaire and one applied a four-item questionnaire and a peak systolic flow measurement.
All of these parameters were significantly improved after the EECP treatment.

Conclusion: To the best of our knowledge, this is the first study reviewing the clinical effective-
ness of EECP in patients with ED. According to the articles reviewed in this study, an improve-
ment in erectile function after EECP treatment courses has been observed in patients with and
without coronary artery disease without any significant adverse effects.

Keywords: coronary artery disease, enhanced external counter pulsation, erectile dysfunction,
impotence, ischemic heart disease

Introduction
Erectile dysfunction (ED) is defined as “the inability to attain and/or maintain penile
erection sufficient for satisfactory sexual intercourse”.!

The prevalence of ED has been reported from 19.2% in Germany? to 52% in the
USA .} It is also very common in the countries in the Arab region, with a reported preva-
lence rate of >40%.* In Iran, ED has been reported to be frequent with a prevalence
of 56.1%.° It is estimated that about half of men aging >40 years have some degree
of ED. While in 1995, ED affected over 152 million males worldwide, it is expected
that in 2025, >320 million patients will be afflicted.®’

The negative influence of ED on quality of life (QOL) is of specific concern because
the inability to have an acceptable sexual relationship can decrease the individual’s
confidence and lead to psychological disorders and marital tension. It is reported that
QOL in patients with ED is 10% less than in the general population.®® According to
the increased lifespan and improving general health of the elderly, sexual function
becomes a vital aspect of the overall QOL of today’s old population.!?
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ED has many causes including vascular problems, neuro-
logical dysfunction, psychological disorders, comorbidities,!!
and drug side effects. The prevalence of ED is high among
men >60 years who have experienced heart attacks.'’ Recently,
more consideration has been given to the correlation between
ED and ischemic heart disease (IHD); therefore, there are
more studies showing a major association between these two
conditions.'?!* In patients with ED, the prevalence of IHD has
varied from 5% to 56%, while in symptomatic patients with
IHD, the prevalence of ED has been 44%—65%.!3-15 A general-
ized atherosclerotic process with endothelial dysfunction in
the arterial branches, leading to decreased blood flow, is the
underlying mechanism for both ED and coronary artery disease
(CAD).'*!" Since atherosclerosis is a major pathogenesis of
IHD, there is a high probability for ED patients to have IHD
due to the atherosclerotic process involving penile vessels.!>!%1°
It has been suggested that fewer arteries of the penis (diameter
1-2 mm) undergo block due to plaque earlier than the greater
coronary (3—4 mm), carotid (5—7 mm), and iliofemoral (6—8
mm) arteries; therefore, ED may become symptomatic before
coronary events. Similar principal risk factors for both ED and
IHD have been reported; ie, aging, hypertension, diabetes,
smoking, and dyslipidemia.'>??! In this regard, an increased
number of patients with ED and IHD are expected due to the
rise in life expectancy. There are also findings suggesting that
higher levels of serum uric acid and lipoprotein-a are associ-
ated with the existence of ED among patients with CAD.?

In an evidence-based consensus about the association of ED
and CAD, Jackson et al®® reported that CAD develops 23 years
after the onset of ED. Therefore, there is a need for an additional
connection between the ED and cardiovascular investigation
fields such as treatment options for both conditions.

The main treatment options for ED are oral drugs (yohim-
bine, phosphodiesterase [PDE] type 5 inhibitors, etc.) and also
drugs for intracavernous or intraurethral administration with
other alternative options for treatment such as mechanical or
surgical options (vacuum erection devices [ VED], penile pros-
thesis, venous leakage surgery, and arterial reconstruction).?*?

Sildenafil was the first PDE type 5 inhibitor with a treat-
ment effect on >20 million males. Patients tolerate sildenafil
differently, according to existing comorbidities with more
adverse effects in men with IHD and hypertension. The most
common adverse events in this regard are headache, flushing,
heartburn, vertigo, rhinitis, and visual disturbance.?

Intracavernous pharmacotherapy is considered as a
second-line treatment for males not responding to oral medi-
cations with a high rate of discontinuation and inadequate
patient compliance.? Complications such as penile pain, pro-
longed erections, priapism, and fibrosis have been reported.?

There are also problems and adverse effects in using
mechanical or surgical treatments such as pain or lack of
ability for ejaculation using vacuum constriction devices and
infection or mechanical failure after using penile prostheses,
regardless of having the effective role for intercourse.?’*

A noninvasive management alternative, which has been
useful in patients with ED,'1¢?° is enhanced external counter-
pulsation (EECP). This method is based on using a circulatory
support device that can improve blood flow in the peripheral
and coronary arterial diseases.”

EECP was first presented by Zheng et al*® in 1983
who used serial cuff inflation by the replacement of the
previous hydraulic system with a pneumatic one. The
counterpulsation was synchronized with the cardiac cycle,
like the intra-aortic balloon pump and earlier models of
the external counterpulsation. Afterward, many studies
were conducted to asses this noninvasive method of treat-
ment in patients with CAD. Later on, in 1995, the earliest
randomized clinical trial study of EECP on patients with
stable angina named the Multicenter Study of Enhanced
External Counterpulsation was conducted. The result was
a significant decrease in angina attacks and an increase
in exercise tolerance among patients treated with EECP.*!
It has been shown that EECP can improve symptoms of
angina and expand tolerance in exercise among patients
with symptomatic CAD. The decrease in anginal attacks
and nitrates consumption and enhancement in cardiac func-
tion are other outcomes after EECP treatment courses.’"*
Studies have also proposed that improvement in anginal
symptoms of patients under EECP treatment and persis-
tence of the outcomes may be due to the effects on the
peripheral vessels in addition to its conventional effects
on acute hemodynamic statues.>

It has been also shown that EECP can improve other dis-
eases such as restless legs syndrome, retinal artery occlusion,
and kidney excretory function.343¢

As mentioned above, there are several conditions related
to circulatory compromise where EECP can play a beneficial
role. However, additional studies are necessary in this area.”’

Mechanism of action and technique of
EECP

Many hemodynamic results can be seen in patients under
EECP treatment. Some of the mechanisms accounting for
both cardiac and peripheral effects are as follows.

EECP reduces cardiac demand via reduction in afterload
and also helps the collateralization of myocardium through
arteriogenesis and angiogenesis.*® There is also increased
endothelial function and vasodilation through diastolic aug-
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mentation of blood flow and endothelial shear stress, which
may result in increased levels of prostacyclin, nitric oxide,
vascular endothelial growth factor, and P fibroblast growth
factor and a reduction in endothelin-1 and brain natriuretic
peptide concentrations.4

EECP increases blood flow, not only to the heart but
also throughout the body; for example, an 88% increase in
infra-renal abdominal aorta, a 144% surge in internal iliac
blood flow, and a significant increase in the perfusion of the
brain were reported by Werner et al,*' Also, it can possibly
enhance penile arterial vasodilation and improve erection by
increasing nitric oxide production.!*

EECP therapy structure includes three groups of
pneumatic cuffs attached to the calves, lower and
upper thighs.?® Inflation of the cuffs is triggered consecu-
tively at the beginning of diastole resulting in a diastolic
rise of blood flow, increase in venous return, cardiac
output, and coronary bloodstream. At the termination of
diastole, the cuff is deflated, leading to a decrease in vas-
cular resistance, left ventricular unloading, and growing
cardiac output.!!

There are no conclusive evidence-based indications for
EECP usage in different groups of patients; however, some
studies have shown the benefits of this modality. A typical
course of therapy for EECP is usually set forl hour in a day,
5 days a week, and overall, 35 hours. The therapeutic course
can be extended for patients who have not experienced
improvement in their symptoms; so extra treatment may
be considered for the patients to reach individual treatment
goals. In about 20% of the patients, a repeat EECP may
be needed, especially for those who failed to complete the
initial 35 hours of EECP course of therapy.*

EECP treatment courses are contraindicated among spe-
cial groups of patients such as those with arrhythmias (which
affects machine triggering), decompensated heart failure,
uncontrolled hypertension (>180/110 mmHg), severe pul-
monary hypertension (pulmonary artery mean >50 mmHg),
severe aortic regurgitation, claudication due to severe lower
limb vascular disorder or ischemic ulcers without healing,
aortic aneurysm necessitating invasive intervention, lower
limb thrombophlebitis (within 2 months), lower limb deep
venous thrombosis, hemorrhagic diathesis, under warfarin
treatment with international normalized ratio >3.0, and
pregnant patients.*

Objectives
The objective was to review the clinical effectiveness of
EECP for patients with ED.

Search methods
From inception up to September 12, 2017, PubMed, MED-
LINE, Google Scholar, Tripdatabase, Scopus, and Cochrane
library databases were searched for articles with the follow-
ing search terms: Enhanced external counterpulsation and
Erectile dysfunction.

We did not impose any restrictions with respect to study
setting, date of publication, or language.

Selection criteria

We included all types of clinical studies addressing both
EECP and ED except publication types that were conference
presentations or letter to editors.

Data extraction
The algorithm of article selection is provided in Figure 1.
We identified n=208 records in which n=22 were dupli-
cates. All reviews n=175 were excluded, as well as records
that did not address EECP, EECP studies only on cardiac
disease, and those that were not matched with the selection
criteria. Furthermore, all EECP studies that had not addressed
ED treatment were excluded (n=7). From a primary set of
208 records, four studies were finally included in this review.

Results
All studies included in this qualitative review are listed in
Table 1.

In 1998, Froschermaier et al® published the initial trial of
EECP in patients with ED in a before and after study design.
They treated 13 patients aged between 43 and 68 years old
(mean 57.8516.32 years) with EECP 1 hour per day for 5
days a week over 4 weeks with a mean follow-up time of
114£7.35 months. Participants were evaluated by Doppler
ultrasound of the cavernosal arteries after the application of
the intracavernous prostaglandin E (PGE) and also answer-
ing a questionnaire before and after the completion of the
EECP treatment regimen. This questionnaire contains four
questions, where the higher scores indicate better quality of
the erection.

Within 1 week after the final course of EECP, there was
an 87.5% increase in the peak systolic flow (P=0.017) and
a significant improvement in the penile resistance index
(13.5%, P<0.008) and in the quality of erection (58.2%,
P<0.003) after administration of 5 pg of PGE.

After 1 month of EECP modality course completion, the
participants answered the questionnaire for the second time,
in which 5 of the 13 participants (38.5%) had a significant
subjective enhancement in penile rigidity based on which
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Figure | Flow diagram of the study selection process.

acceptable sexual intercourse (SI) was probable. Moreover,
six patients (46.1%) reported an improvement of penile
rigidity and satisfactory SI more often than before EECP. In
two patients (15.4%), penile rigidity continued unaffected.
Finally, 8 out of 10 patients stated spontaneous morning
erections, formerly absent, after treatment.

The mean period of improvement in the 11 responders
was 6.744.37 months with no reported side effects; therefore,
it was concluded that EECP is effective in patients with ED.

In 2007, Lawson et al'! evaluated the outcome of EECP
on sexual function in patients with severe refractory angina
in a substudy, using the patients enrolled in the International
Enhanced External Counterpulsation Patient Registry 2 study.

They implemented EECP treatment on 120 males with
severe coronary disease and mean age of 65.019.7 years for
1 hour per day, 5 days per week, and overall, 35 hours.

The questionnaire of the International Index of Erectile
Function (IIEF), which identifies five domains of male sexual
function (erectile function, orgasmic function, sexual desire,
intercourse satisfaction, and overall satisfaction), was used
to evaluate ED pre and post completing a course of EECP.

After 35 hours of EECP application, angina and functional
status were improved by 89% and 63%, respectively.

An assessment of the IIEF scores before and after EECP
treatment established significant enhancement in three
domains of erectile function (from 10 to 11.8, P=0.003),
intercourse satisfaction (from 4.2 to 5, P=0.009), and over-
all satisfaction (from 4.7 to 5.2, P=0.001). Although the
improvements in the scores of orgasmic function and sexual
desire were 0.4 and 0.2, respectively, the difference was not
statistically significant. The total score increased from 28 to
31 with the P-value of 0.01.

According to the IIEF total score and the categorization
of ED severity into none, mild, moderate, and severe, the
comparison of the severity of ED before and after EECP
revealed 7.5% rise in the proportion of participants with no
complaint of ED (from 17.5% to 25%) and a 7.5% decrease
in the quantity of patients suffering from severe ED (from
65% to 57.5%).

In contrast to the previous studies, the number of patients
recording spontaneous morning erections did not change
significantly after the treatment.
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Table | Clinical studies on effects of EECP in patients with ED

Year N Treatment duration

(hours)

Study

Main findings

Froschermaier 1998 13 20 hours

et al®

* An 87.5% increase in the peak systolic flow (P=0.017)

* A 13.5% increase in the penile resistance index (P<0.008)

* A 58.2% increase in the quality of erection (P <0.003) assessed by
a four-item questionnaire

* An 84.6% of patients had improvement in ED with 38.5% showing
complete resolution after EECP

Lawson et al'' 2007 120 35 hours

The post EECP erectile function domain score of the IIEF
questionnaire improved from 10.0 to 11.8 (P=0.003). Intercourse
satisfaction domain score increased from 4.2 to 5.0 (P=0.009)
and overall satisfaction domain score improved from 4.7 to 5.2
(P=0.001) with no significant change in orgasmic function or
sexual desire domain scores

* The total score of lIEF increased from 28 to 31 (P=0.01) after
EECP

El-Sakka et al* 2007 44 35 hours

* An overall satisfaction of 79.5% of patients about both anginal and
erectile function improvement before and after EECP assessed by
two separate questions

* A significant difference in the erectile function domain, Q3, and
Q4 of IIEF questionnaire (P<0.05) pre and post EECP

* The efficacy and satisfaction rate of EECP were negatively
influenced by smoking and the presence of more than two risk
factors

El-Sakka et al'¢ 2007 44
(The same
patients

of the

35 hours

A similar course was
repeated for patients
with no or minimal
previous
study)

improvement from class
IV to class lll angina after
the first course

* EF domain, Q3, and Q4 of IIEF questionnaire answers were
significantly higher before and after EECP in patients with <5
years duration of IHD than those with =5 years of duration

* At the end of the first course of treatment, the pre and
post EECP results regarding EF domain, Q3, and Q4 of IIEF
questionnaire were significantly better in patients who received
only one course than those who required a second course of
treatment

Abbreviations: ED, erectile dysfunction; EECP, enhanced external counterpulsation; IHD, ischemic heart disease; IIEF, International Index of Erectile Function.

The authors concluded that EECP remains effective and
is related to enhancement in erectile and vascular function
in patients with refractory angina.

In 2007, two articles were published by EI-Sakka et al.!64
In the first prospective study, which lacked a control group,
the role of risk factors on the effectiveness and satisfaction
rate of EECP was studied on 44 men with CAD accompany-
ing ED.* Patients were aged between 46 and 67 years old with
the mean age of 57.1+5.6 years and underwent a treatment
course with EECP for 1 hour per day, 5 days per week, for
a total of 35 hours.

ED assessment and follow-up were performed using only
the erectile function domain of the IIEF questionnaire. CAD
risk factors, for example, dyslipidemia, systemic hyperten-
sion, and diabetes mellitus, were also evaluated at the same
time as ED screening.

To evaluate the result of risk factors and comorbidities on
EECP effectiveness and satisfaction rate before and after the
EECP, answers to erectile function domain and also questions
Q3 (achieving erection) and Q4 (maintaining erection) of the

IIEF questionnaire were compared separately in participants
with and without risk factors. The global efficacy question
(GEQ) and overall patient satisfaction question were also
evaluated.

The results revealed an overall 79.5% satisfaction of
patients regarding both angina and erectile function improve-
ment after EECP treatment course. A significant difference
in the erectile function domain, Q3, and Q4 (P<0.05) were
found before and after EECP. Authors also disclosed that
the effectiveness and satisfaction rate of this modality were
adversely affected by cigarette smoking and presence of more
than two risk factors; however, diabetes mellitus, systemic
hypertension, dyslipidemia, myocardial infarction, and obe-
sity had no such effects.

In the second part of the study,'® which was published in
September 2007, the impact of IHD duration and number
of EECP treatment courses were assessed in patients with
CAD-associated ED. The population size, age, and outcome
measurers were the same as in the previous study.* Participants
received a therapeutic course of EECP for 1 hour per day, 5
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days per week for a total of 35 hours. A similar course was
repeated for patients with no or slight progression from class
IV to class III angina after the first course of treatment. The
patient’s before and after EECP responses to the EF domain of
IIEF questionnaire, Q3, Q4, GEQ, and overall patient satisfac-
tion question were compared in the two groups of single and
two EECP treatment courses. Also, the same variables were
compared in the two groups: patients with <5 years duration
of IHD and those with >5 years of disease duration. At the end
of the first course of treatment, the pre and post EECP results
were significantly higher in patients who finished only one
course compared with those who needed an additional course
of treatment. Such a significant difference was not seen in the
two groups after the completion of the second course of EECP.
Furthermore, EF domain and Q3 and Q4 answers were signifi-
cantly higher before and after EECP in patients with <5 years
duration of IHD than those with >5 years of disease duration.

Conclusion

According to the extensive and well-known effects of EECP
on the arterial tree, which provides an increase in perfusion
of all internal organs, there are many utilities for EECP, not
only for CAD and angina but also for other conditions result-
ing from disturbed organ perfusion and vascular dysfunction
such as ED.

To the best of our knowledge, this is the first literature
review on the clinical effectiveness of EECP in patients with
ED. According to the articles mentioned in this study, an
enhancement in erectile function after EECP treatment courses
has been observed both in patients with and without CAD
without any significant adverse effects. Therefore, EECP could
be held in reserve for patients who do not respond to other
treatments such as VEDs, oral PDE inhibitors, and intracav-
ernosal injection therapy or for patients who cannot use these
modalities due to their comorbidities. However, none of the
studies had long-term follow-up data and also a control arm
to rule out the risk of the placebo effect of the EECP device
or other confounding factors. The small number of patients is
another limitation in the three studies mentioned in this review.

It has to be noted that although a statistically significant
change in IIEF score was seen with EECP treatment, the
changes were very small and may not have been clinically
significant.

Since the efficacy and safety of EECP are recognized
in noncontrolled studies, there is a need for well-designed
randomized clinical trial studies with larger sample sizes
and long-term follow-up periods to evaluate this new and
noninvasive therapeutic option in patients suffering from ED
by excluding the confounders.
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