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Clinical study in patients with ocular ischemic diseases treated
with enhanced external counterpulsation combined with drugs
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Abstract. The aim of this study was to evaluate the clinical
effect in patients with ocular ischemic diseases treated with
enhanced external counterpulsation (EECP) combined with
drugs. A total of 65 patients with carotid artery stenosis
were included in this study. Group A consisted of 31 patients
(43 eyes) treated with EECP and medication, and group B
consisted of 34 patients (49 eyes) treated with medication
alone. The clinical effect was analyzed by comparing the
visual acuity, visual fields and optical hemodynamics between
the two groups of patients. Ocular ischemic diseases mainly
included ischemic optic neuropathy, central (branch) retinal
artery occlusion, ophthalmoplegia externa and ocular isch-
emic syndrome. Significant improvement of visual acuity,
visual fields and optical hemodynamics was observed in the
patients of group A, and statistically significant differences
were found between groups A and B (%*=4.935, 7.124 and
5.478, respectively; P<0.05). In conclusion, ophthalmologists
should observe for ocular ischemic diseases. The symptoms
of the disease and the vision of the patient could be effectively
improved by EECP, which has no evident complications.

Introduction

Enhanced external counterpulsation (EECP) was developed in
1980 by Zheng in The First Affiliated Hospital of Sun Yat-Sen
University (Guangzhou, China). Following this, EECP has
been used to treat ischemic diseases such as coronary heart
disease and angina pectoris, following percutaneous coronary
intervention, transplantation and coronary artery bypass
grafting, cerebral arteriosclerosis, cerebral ischemia, embo-
lism of retinal artery, ischemic optic neuropathy, optic atrophy
and hearing loss (1-4).
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Patients with ocular ischemic diseases have been previ-
ously treated with EECP and medication in the Department of
Ophthalmology, the First Affiliated Hospital of Sun Yat-Sen
University since 1985. In the present study, we retrospectively
analyzed the clinical data of 65 patients (92 eyes) with carotid
artery stenosis treated with EECP and medication.

Subjects and methods

Subjects. A total of 65 patients with carotid artery stenosis
examined between January, 2005 and May, 2009 were included
in the present study. This study was conducted in accordance
with the Declaration of Helsinki and was approved by the
Ethics Committee of the First Affiliated Hospital of Xinxiang
Medical University (Weihui, China). Written informed consent
was obtained from all the participants. There were 31 male and
34 female patients with a mean age of 64.17+8.25 years (range,
29-86 years). Diagnoses were confirmed by examination of
visual acuity, slit lamp, ophthalmoscope, field of vision, fluo-
rescein fundus angiography (FFA) test, intraocular pressure,
visual evoked potential (VEP), optical ultrasound, X-ray and
carotid artery color Doppler ultrasound. Patients diagnosed
with ocular ischemic diseases were included in this study,
while patients with additional primary ophthalmological
conditions such as primary glaucoma, iridocyclitis, retinal
vein occlusion, high myopia, retinitis pigmentosa, choroiditis,
diabetic retinopathy, and other congenital fundus abnormali-
ties were excluded.

Methods. The clinical data of all the patients (n=65) were
retrospectively analyzed. Group A consisted of 31 patients
(43 eyes) treated with EECP and medication, and group B
consisted of 34 patients (49 eyes) treated with medication
alone. The clinical effect in the patients of the two groups was
evaluated by comparing the visual acuity, visual fields and
optical hemodynamics.

Patient assessment. Patient assessment included examina-
tion of visual acuity, field of vision (Zeiss 750 Visual Field
Analyzer) and optical hemodynamics prior to and following
treatment. Color Doppler ultrasound (Philips HD7) was
used to examine ophthalmic arterial hemodynamics with
a frequency of 10 MHz. Hemodynamic parameters in the
ophthalmic artery of each patient were recorded, including
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peak systolic blood flow velocity (Psv), end-diastolic blood
flow velocity (Edv), mean blood flow velocity (Vm), resistance
index (RI) and pulse index (PI). Each parameter was measured
three times and the mean value was used.

Treatment. The 31 patients (43 eyes) in group A were treated
with EECP and medication for 2 months. In group B, 34 patients
(49 eyes) were treated with medication alone for 2 months for
regulation of blood pressure, regulation of blood sugar, neuro-
trophy, anticoagulation and improvement of microcirculation.

Thirty-one patients in group A were treated with EECP
once a day for 1 h, and the course of treatment lasted for a half
to 2 months. Balloon pumping pressure (0.35-0.4 MPa/cm?)
utilized in younger patients whose course of disease was
<3 months were treated with EECP twice a day. Patients who
had who had undergone bypass surgery or had suffered heart
attack, severe heart failure, congestive heart disease, aortic
disease, aortic incompetence, abdominal aortic aneurysm
(aaa), severe peripheral vascular disease, frequent arrhythmia
and venous thrombosis, were excluded from group A.

Curative effect standards. Curative effect standards were
applied when one of the following conditions occurred: i) The
patient could read a minimum of three lines on a visual acuity
chart, with visual fields >10 b, and significant improvement
with hemodynamic parameters (P<0.01); ii) patients could read
a minimum of two lines on the visual acuity chart, with visual
fields >5 b or improved hemodynamic parameters (P<0.05);
iii) patients did not exhibit improved visual acuity, visual fields
and optical hemodynamics (5-7).

Statistical analysis. Statistical analysis was performed using
SPSS v.14 (SPSS, Inc., Chicago, IL, USA). An independent
sample t-test and y* test were used to compare the differ-
ences between the groups. Univariate and unconditional
logistic stepwise regression methods were used to adjust for
confounding factors and analyze the interactions between
factors. Factors affecting outcome regarding the disease were
not considered.

Results

Types of ocular ischemic diseases of the included patients.
The types of ocular ischemic diseases of the patients included
in this study were ischemic optic nerve disorders, ocular isch-
emic syndrome, retinal central (branch) vein occlusion and
external ophthalmoplegia (Table I).

Statistically significant differences between groups A and B.
All the patients with ocular ischemic diseases were treated
with EECP and medication for two mouths. The total effec-
tive rate in group A was 86.05% (37 eyes), while the rate in
group B was 63.27% (31 eyes), indicating statistically signifi-
cant differences between groups A and B (y*=2.238, P<0.05)
(Tables II-1V).

The present study identified a close positive correlation
between the curative effect and the course of disease in the
patients of group A (R=0.719, P<0.05). The correlation anal-
ysis revealed that the patients with a shorter course of disease,
exhibited an improved curative effect (Table V).
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Table I. Types of ocular ischemic diseases of the included
patients (n=65).

No. of Constituent

Types of ocular ischemic diseases patients  ratio (%)
Ischemic optic nerve disorders 24 36.92
Ocular ischemic syndrome 21 3231
Retinal central (branch) vein occlusion 12 18.46
External ophthalmoplegia 8 12.31
Total 65

Table II. Comparison of visual acuity prior to and following
treatment in the patients of group A.

Visual acuity (m)

Time LP <0.1 0.1-03 04-09 =10
Prior to treatment, n 4 9 15 12 3
Following treatment,n 2 5 13 17 6

LP, light perception.

Table III. Comparison of visual acuity prior to and following
treatment in the patients of group B.

Visual acuity (m)

Time LP <0.1 0.1-03 0409 =10
Prior to treatment, n 4 12 16 14 4
Following treatment, n 3 7 17 14 8

LP, light perception.

Table IV. Comparison of curative effect between groups A
and B (mean =+ standard deviation).

No. of No. of Effective Effective
Groups patients eyes no.of eyes  power (%)
A 31 43 37 86.05
B 34 49 31 63.27

%°=2.238, P<0.05.

Significantly reduced hemodynamic parameters in the patients
of group A. To investigate the curative effect mechanism of
EECP, we compared the hemodynamic parameters of all the
patients prior to and following treatment. The results showed
that ophthalmic artery perfusion of the patients in groups A
and B was improved. Parameters including Psv, Edv and RI of
the patients in group A were also reduced compared to those
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Table V. Association between curative effect and course of disease in the patients of group A.

Course of disease No. of eyes Excellence, n Effectiveness, n Inefficiency, n
4 days to 1 month 8 6 2 0
2-3 months 16 8 6 1
4-5 months 5 2 2 1
6 months 6 2 4 1
1-2 years 4 1 2 1
5-10 years 4 0 2 1
Total 43 19 18 5

Table VI. Comparison of hemodynamic parameters between groups A and B (mean =+ standard deviation).

Group A (n=43)

Group B (n=49)

Index Prior to treatment Following treatment t-value P-value Prior to treatment Following treatment

t-value P-value

Psv 9.14£2.25 29.32+3.66 1.548 0.083 8.77+2.23 13.37+3.15 10.13  <0.01
Vm 8.94+1.87 26.83+3.36 1.741  0.062 9.73+2.21 15.36+3.29 974 <001
RI 1.17+0.08 0.34+0.11 1275 0.121 1.35+0.13 0.68+0.14 937 <001

Psv, peak systolic blood flow velocity; Vm, mean blood flow velocity; RI, resistance index.

in patients of group B (Table VI). Statistically significant
differences were observed between groups A and B regarding
hemodynamic parameters (y*=4.935, 7.124; 5.478; P<0.05).

Different types of ocular ischemic diseases have different
curative effects. The present study showed that different types
of ocular ischemic diseases had different curative effects.
EECP had optimum significant effectiveness in ischemic
optic neuropathy. Following treatment with EECP and medi-
cation for 2 months, no improvement was observed in the
visual acuity of patients with clinical symptoms present for
>6 months, while there was significant improvement in visual
fields and optical hemodynamics.

None of the patients with ocular ischemic diseases treated
with EECP and medication in groups A and B exhibited any
complications during the therapeutic process.

Discussion

EECP is a non-invasive method used to assist circulation, which
improves diastolic augmentation and systolic unloading via a
pressurized air cuff around the legs of the patient; cuff pressure
was maintained at ~300 mmHg during diastole. In the United
States, this method has proven to be effective in chronic angina,
as confirmed by large-scale clinical trials (8-11). Findings of
those studies suggested that the increase in coronary blood by
EECP treatment occurs mainly through diastolic augmenta-
tion, which is comparable to the effect on the arterial system
by intra-aortic balloon pumping (IABP), although EECP also
affects venous return. EECP is beneficial as it can be immedi-
ately implemented and is non-invasive without risk of bleeding
or infection in contast to IABP. Thus, EECP may be useful

to improve circulation in patients with acute heart failure and
acute coronary syndrome. In patients with ocular ischemic
diseases, EECP induced diastolic augmentation comparable
to that of IABP. By contrast, EECP increased preload and the
cardiac index (CI) with increased venous return in contrast
to TABP (11). In the present study, EECP was performed in
patients with ocular ischemic diseases, and the changes in
visual acuity, visual fields, as well as the hemodynamic effects
were observed in order to investigate the mechanism of EECP
and its effects on ocular ischemic diseases (12-14).

Before 1990, the mechanism of this treatment was supposed
to promote collateral circulation by increasing diastolic pres-
sure. In their study, Zheng ef al identified and confirmed that
the flow shear stress was significantly increased during EECP,
regulating a series of reactions of shear stress responsive
elements, inducing vascular endothelial cell (VEC) repair
mechanism and improving VEC function, leading to inhibi-
tion of the development of atherosclerosis. A new generation
of EECP device was designed based on the abovementioned
advances which aimed to promote the arterial flow shear stress
more effectively leading to vascular endothelium protection
(15-17).

Carotid artery stenosis is a leading cause of ischemic
stroke and patients usually present to neurological clinics
with stroke symptoms of hemiplegia and homonymous hemi-
anopia (18). An increasing number of patients with carotid
artery stenosis have presented to ophthalmological clinics due
to eye discomfort. Therefore, such patients who have carotid
artery stenosis accompanied by ocular ischemic presentations
have received increasing attention (Fig. 1) (16,19,25).

EECP has been used in ischemic disease such as retinal
arterial obstruction, ischemic optic neuropathy and optic
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Figure 1. Parts (A-E) were taken from Luo ef al (24). Retinal branch artery occlusion caused by carotid artery stenosis (male, 67-year-old patient). (A) Image
of the fundus showing occlusion in the retinal branch artery. (B) FFA showing significantly prolonged fluorescein filling time in upper retinal branch artery.
(C) Color Doppler ultrasound showing blood flow disturbance in carotid artery secondary to carotid artery stenosis. (D) Carotid artery color Doppler ultra-
sound showing patent carotid artery lumen after EECP. (E) Pathology of carotid endarterectomy shows atherosclerosis and the resulting intima calcification
of the internal carotid artery (H&E staining; magnification, x40). (F) Transcranial Doppler (TCD) showing blood flow disturbance in carotid artery secondary

to carotid artery stenosis.

Figure 2. Part (C) was taken from Luo et al (24). Ischemic optic nerve disorders caused by carotid artery stenosis (female, 63-year-old patient). (A and B) Image
of the fundus showing optic disc pallor in the ischemic optic nerve disorders. (C) Pathology of carotid endarterectomy shows fibrotic thickening and hyaline
changes in arterial wall, and slit-like cholesterol crystal (H&E staining; magnification, x100). (D) Color Doppler ultrasound shows arterial thrombosis in
carotid artery secondary to carotid artery stenosis. (E and F) FFA showing fuzzy optic disc border, tapering optic disc artery, venous tortuosity and dilatation

in ischemic optic nerve disorders.

atrophy in the Department of Ophthalmology, the First
Affiliated Hospital of Sun Yat-Sen University, and has been
proven to have a significant curative effect. Optic nerves are
the nerve endings of cerebrum. During the process of optic
atrophy, some optic nerve fibers are reversible, and their

function improves with prompt recovery of blood supply.
EECP can oppress limbs during the relaxation period, increase
the blood flow of carotid and vertebral arteries, as well as
increase the volume of blood flow of the ophthalmic artery.
EECP simultaneously increases the perfusion pressure of
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posterior ciliary arteries and blood supply of the optic nerve,
decreases ischemia and the poor supply of oxygen in the optic
nerve. As a result, EECP gradually improves the visual func-
tion, and significantly improves the visual acuity and field of
vision of patients (Fig. 2) (17,20,25).

In their study, Costa et al (21) reported that EECP can
promote ramus anastomoticus of retinal ischemia ischemic
zone open and collateral circulation formation, improve retinal
blood stream, ultimately leading to the treatment of optic
atrophy. The present study has shown that there was significant
improvement in patients with optic atrophy treated with EECP
combined with drugs.

The present study also identified a close positive corre-
lation between curative effect and course of disease in the
patients of group A (R=0.719, P<0.05). Correlation analysis
revealed that the patients with a shorter course of disease
exhibited an improved curative effect. Consequently, early
diagnosis and intervention are needed in patients with ocular
ischemic diseases. Significant improvement in visual acuity
and visual fields was observed in some patients with optic
atrophy with symptoms present for >1 year, following treat-
ment with EECP and medication for several months. The
color of video disc also changed from pallor to reddish when
under examination using an ophthalmoscope. Therefore, even
low-vision patients with long-term optic atrophy may benefit
from EECP.

Results of the present study have shown that there was
significant improvement in the visual acuity, visual fields
and optical hemodynamics of the patients in group A, where
statistically significant differences were observed between
groups A and B. Moreover, this study demonstrated that
patients with ocular ischemic diseases can be treated with
EECP 1 or 2 times/day, for 1 h each time, initially at a course
of treatment of half a month, and subsequently for >1 month.
Younger patients exhibited an improved curative effect
compared to older patients, since they had higher diastolic
blood pressure when treated with EECP. Therefore, younger
patients with ocular ischemic diseases can be treated with
EECP 2 times/day using an ophthalmoscope.

The present study has shown that EECP is safe and
effective, and that it can be used to treat various conditions
apart from hemorrhagic disease, severe hypertension, aortic
incompetence, thrombophlebitis and glaucoma. Early inter-
vention may therefore be effective in the treatment of carotid
artery stenosis and reduce the incidence of ophthalmic and
cerebral complications when treated with EECP combined
with drugs (22-24).
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