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Abstract
Purpose The purpose is to study the effect of Enhanced
Extracorporeal Counterpulsation (EECP) in patients with
non-arteritic anterior ischaemic optic neuropathy (NAION).
Methods EECP is a noninvasive, mechanical, and circulatory
support therapy. Sixteen patients with unilateral NAION were
treated with EECP (twelve 1-h daily treatment sessions for
each patient). Color Doppler imaging (CDI) was applied to
measure the mean flow velocity (MFV), peak-systolic veloc-
ity (PSV), end-diastolic velocity (EDV) of the ophthalmic
artery (OA) and central retinal artery (CRA). Intraocular pres-
sure (IOP) was measured by Goldmann applanation tonome-
try. Measurements were collected before and immediately
after the first and the last sessions of EECP in both eyes, and
they were compared with the baseline measurement before
EECP. The measurements were also compared between the
NAION eyes and the normal fellow eyes. Visual acuity (VA)
and visual field (VF) were assessed before EECP and after the
last EECP.
Results EECP progressively increased blood flow velocities of
the OA and CRA and progressively decreased IOP in both eyes
(P<0.05). After the first session of EECP, there was a 16±
5.3 % increase in EDVand a 13.9±9.5 % increase in MFVof

the OA, and a 17.1±2.5 % increase in PSV, a 21.2±9.3 %
increase, in EDV and a 16.5±3.3 % increase in MFV of the
CRA in NAION eyes. After the last EECP treatment, there was
a 16.8±6.7 % increase in EDV and a 14.0±5.1 % increase in
MFVof the OA, and a 17.7±12.3 % increase in PSV, a 23.1±
6.3 % increase in DSV, and a 21.1±8.4 % increase in MFVof
the CRA in NAION eyes (P<0.05). The change of the PSV,
EDV, and MFV in the CRAwere more significant in NAION
eyes than that of their fellow eyes (P<0.05). VAwas improved
and VFmean deviation was decreased in NAION eyes after the
last EECP treatment (P=0.003 and 0.049, respectively), and
VA improvement was correlated positively with the blood flow
parameter.
Conclusions EECP could be a clinically effective and safe
treatment for NAION.

Keywords Blood flow . Doppler sonography . Enhanced
Extracorporeal Counterpulsation . Intraocular pressure .
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Introduction

Non-arteritic anterior ischaemic optic neuropathy (NAION) is
the most common type of acute optic neuropathy in individ-
uals over 50 years of age [1, 2]. An acute incident of hypo-
perfusion is one of the primarily risk factors for NAION [1].
Color Doppler imaging (CDI) on NAION patients has shown
markedly different retrobulbar haemodynamics with reduced
circulation velocity in orbital vessels [3, 4]. Approximately
15 % of patients developed NAION in the fellow eye within
five years [2]. Currently, there is no effective treatment for
acute NAION and no preventive method for the involvement
of fellow eyes.

The enhanced extracorporeal counterpulsation (EECP) de-
vice is a noninvasive mechanical circulatory support device
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consisting of a series of cuffs that are wrapped around the
patient’s lower body (shank, thigh, and buttocks), with a
specially made airbag that exerts sequential compression on
the lower body during ventricular diastole. Sequentially, the
aortic diastolic pressure and cardiac output are increased by
the back flow of artery blood and the increased venous return
to the heart. Thus, the blood perfusion of ischemic organs can
be improved. Currently, EECP is used as an adjunctive ther-
apy for patients with myocardial ischemia and/or ischemic
stroke [5–7]. EECP significantly increases the blood flow
velocity of the ophthalmic artery in elderly patients with
atherosclerosis [8]. Furthermore, Werner et al., reported that
the reperfusion of the affected retina in central retinal artery
occlusion and branch retinal artery occlusion was accelerated
after a short-term EECP treatment [9]. Since occlusive vascu-
lopathy of the microcirculation may be one proposed mecha-
nism for NAION,whichmay be related to the decreased blood
flow velocity in the retrobulbar vessels [3, 4], EECPmay have
a favorable effect on NAION through the augmentation of
retrobulbar blood flow.

However, little is known about the effect of EECP on
NAION. In the present study, we measured the blood flow
velocity of the ophthalmic artery (OA) and central retinal
artery (CRA) in patients over 50 years of age who were
diagnosed with acute unilateral NAION. The ocular blood
flow velocity, visual function, and intraocular pressure (IOP)
were measured before and after the EECP treatment to assess
the effect of EECP in these patients. To the best of our
knowledge, this is the first study to observe the effect of
EECP on NAION.

Materials and methods

This prospective study was approved by the Ethics Committee
of the Sun Yat-sen University. Written consents were obtained
from all study participants according to the Declaration of
Helsinki. Sixteen patients (from 50 to 78 years old, mean
age 65.70±4.30 years) with acute unilateral NAION were
enrolled in the study from December 1, 2010 to March 31,
2014. They were patients who visited the First Affiliated
Hospital of Sun Yat-sen University and Zhongshan ophthal-
mic center without being admitted to other medical facilities.
All these patients presented acute painless loss of VA, relative
afferent pupillary defect, optic disc oedema, visual field (VF)
defect, and the early phase filling defect of the optic disc (by
fundus fluorescein angiography, FFA) in the affected eyes
without evidence of other neurological, systemic, or ocular
diseases. The fellow eyes showed normal situations after the
IOP, VA, VF, funduscopy, and FFA examination. The exclu-
sion criteria included: 1) patients with an elevated erythrocyte
sedimentation rate, history of giant cell arteritis or relevant
clinical features, glaucoma or severe cataract; 2) patients with

history of corneal surgery and/or intraocular surgery recently
(one month), and those who had erythralgia of the eye; 3)
patients who had aortic regurgitation, frequent premature ven-
tricular complexes (>10/min), thrombophlebitis or infectious
lesions, and severe hypertension (>170/100 mmHg), which
could not be controlled by medications.

Patients were treated with 1-h EECP daily (the same pro-
tocol for all patients) for 12 consecutive weekdays [5, 6]. The
study was conducted at the center of EECP, the First Affiliated
Hospital of Sun Yat-sen University (Guangzhou, China). The
EECP device (Shuangshan EECP-MCI, Guangzhou, China)
was composed of an air compressor, a set of cuffs, a computer
module, and a treatment table. The cuffs were connected by air
hoses to the air compressor unit, and were wrapped around the
calves and upper thighs (including the buttocks) of patients.
The EECP device inflates cuffs with air and then deflates them
in a sequence that is synchronized to the patient’s cardiac
cycle. The cuffs were sequentially inflated with compressed
air from the distal area of the body to the proximal area of the
body in early ventricular diastole and rapidly deflated right
before ventricular systole. The pressure applied to the cuffs
was set at 0.035 to 0.040 mPa/cm2. Medications, which the
patients used, were not changed during the study.

A thorough ophthalmological examination, including the
assessment of Snellen VA, was performed on all patients. IOP
was measured by Goldmann applanation tonometry (AIT-20,
TOPCON, Japan) before CDI examination, as well as before
and immediately after the first 1 h and last 1 h EECP. VF was
measured by the Humphrey perimeter (Model 740i,
Humphrey–Zeiss, San Leandro, California, USA). The first
examination of VA and VF were performed before EECP. A
second test of VA and VF was carried out after the last EECP
treatment. All patients were fasting and refrained from exer-
cise, smoking, and drinking coffee or alcohol for at least 2 h
prior to the first CDI examination. Velocities of blood flow in
the OA and CRA were measured using a color Doppler unit
(PROSOUND SSD—5500SV, ALOKA, Japan) by an expe-
rienced radiologist who was blinded to the condition of each
patient. Velocities of blood flow were measured again imme-
diately after the first 1 h and last 1 h EECP (after the mea-
surement of IOP). Patients received CDI in the supine posi-
tion. A 7.5 MHZ linear-array transducer (4–13MHZ, UST-
5410, Japan) was applied on bilateral closed eyelids using a
sterile coupling gel with the examiner’s hand resting on the
orbital margin to minimize the pressure on the eyes. We
obtained peak-systolic velocity (PSV) and end-diastolic ve-
locity (EDV) measurements of bilateral OA and CRA in all
patients. The mean flow velocity (MFV) was calculated with
the formula: MFV = 1/3 (PSV − EDV) + EDV [10].

Complaints after EECP were taken from all of the study
participants. Funduscopy was performed after EECP to exam-
ine whether fundus bleeding had happened after the elevation
of blood pressure.
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Continuous variable data in our study were presented as
mean±SD. Snellen VAwas converted to the logarithm of the
minimum angle of resolution (logMAR) scale. The Mann–
Whitney U test was used to compare VA and VF before and
after EECP. A generalized estimating equation was used for
analyzing the repeated measurement data. The baseline data
(before EECP) were also compared to the data from sequential
time points. Multiple linear regressionmodels were performed
to identify the correlations of the variability of blood flow
parameter with IOP changes, with duration between symptom
onset and beginning of treatment, and with VA and VF chang-
es. Statistical analyses were performed with SPSS (Version
19.0, Chicago, USA), and a p-value less than 0.05 was con-
sidered statistically significant.

Results

The interval fromonset to treatment ranged from six to 18 days
and the mean interval from the onset to the first treatment was
12.23±2.32 days (Table 1). EECP was well tolerated by the
patients. Only one patient complained of pain in the lower legs
from a skin abrasion induced by EECP. No retinal bleeding
was observed in the study.

Blood flow velocities

From the first EECP to the last EECP treatment, the EDVand
MFVof the OAwere increased significantly and progressively
in both eyes of the patients, as well as the PSV, EDV, and
MFVof the CRA (Tables 2, 3 and 4, Figs. 1, 2 and 3). After the
first hour of EECP, there was a 16±5.3 % increase in EDVand

a 13.9±9.5 % increase in MFVof the OA, and a 17.1±2.5 %
increase in PSV, a 21.2±9.3 % increase in EDV, and a 16.5±
3.3 % increase in MFVof the CRA in NAION eyes. After the
last EECP treatment, there was a 16.8±6.7 % increase in EDV
and a 14.0±5.1 % increase in MFVof the OA, a 17.7±12.3 %
increase in PSV, a 23.1±6.3 % increase in DSV, and a 21.1±
8.4 % increase in MFVof the CRA in NAION eyes (P<0.05).
Compared to normal fellow eyes, the change of PSV, EDV,
and MFV in the CRA of NAION eyes were significantly
increased (P<0.05), while the change of blood flow velocities
in the OA showed no statistically significant differences. The
PSV of the OA after EECP showed a tendency to be lower
than that of baseline in both eyes, but no statistically signifi-
cant differences were observed (P>0.05, Table 2).

IOP

IOP measured before EECP ranged from 13 to 20 mmHg
(mean 17.31±2.41 mmHg). There were no significant differ-
ences of IOPmeasurements between NAION eyes and normal
fellow eyes before EECP (P=0.65). The effect of EECP on
IOP of the patients is shown in Table 5. IOP of both eyes was
progressively decreased from the first EECP to the last EECP
treatment, and differences between IOP before and after EECP
were statistically significant (NAION eyes, P<0.001; normal
eyes, P<0.01). No significant differences were found between
IOP of NAION eyes and IOP of normal fellow eyes after
EECP (P=0.58).

For IOP changes and duration between symptom onset and
beginning of treatment, their correlations with the variability
of blood flow parameter were not statistically significant
(P>0.05).

Visual acuities

The median VA in NAION eyes before EECP was 20/120,
ranging from hand movements to 20/30. The median
logMAR VA in NAION eyes before EECP was 0.92
(±0.94) [0.32; 1.92] (median±standard deviation and in-
terquartile range P25–P75 [IQR]) and the median logMAR
VA in NAION eyes after the last EECP treatment was 0.40
(±0.49) [0.22; 0.90]. Statistical analysis showed a signifi-
cant difference in median change in VA in NAION eyes
between before EECP and right after 12 h EECP (P=
0.003). Median change in VA in NAION eyes was signif-
icantly improved right after 12 h EECP. A significant
increase in VA from finger counting to above 20/40 in
NAION eyes occurred in three patients. Of the total 16
NAION eyes, ten eyes (62.5 %) obtained improvement of
three or more Snellen lines and none was observed with
decrease in VA.

Table 1 Characteristics of acute unilateral NAION patients

Patients number (%)

Age (years) 65±4.30

Male 8 (50)

Hypertension 12 (75)

Diabetes mellitus 1 (8.30)

Dyslipidemia 6 (37.50)

History of IHD 2 (12.50)

Previous CVA history 1 (8.30)

Smoking 3 (18.80)

Alcoholism 1 (8.30)

Interval of onset to treatment (days) 12.23±2.32

Left eye 8 (50)

Right eye 8 (50)

Total patients (n=16)

NAION non-arteritic anterior ischaemic optic neuropathy, CVA cerebro-
vascular accident, IHD ischemic heart disease
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Visual field

Median VF mean deviation (MD) in NAION eyes before
EECP was −15.90 dB (SD 5.81), and median VF pattern
standard deviation (PSD) was 10.55 dB (SD 2.73). Median
VF MD after the 12 h EECP was −15.14 dB (SD 5.02) and
median VF PSD was 10.99 dB (SD3.40). Statistical analysis
showed a significant difference in median MD in NAION
eyes between before EECP and right after 12 h EECP (P=
0.049). Median change in PSD was not statistically different
between before EECP and right after 12 h EECP (P=0.877).

VA was significantly associated with the variability of the
blood flow parameter in the affected eyes. (P<0.05) The
correlation of PSD and MD with the variability the of blood
flow parameter was not statistically significant (P>0.05).

Discussion

A study reported that EECP could improve the cerebral per-
fusion in ischemic stroke patient with intracranial arterial
occlusive disease [7]. The therapeutic effects of EECP have

Table 2 Peak-systolic velocities (PSV) in the ophthalmic artery (OA) and the central retinal artery (CRA) before and after EECP in both eyes of the
patients with acute unilateral NAION (mean±SD)

PSV (cm/s) Mean±SD (N=16) β P 95 % C.I.

Low Upper

CRA NAION eye before EECP 8.17±2.15 – – – –

after the first EECP 9.25±2.64 1.16 0.004 0.54 2.78

after the last EECP 9.95±2.43 1.81 < 0.001 1.19 3.44

Normal eye before EECP 8.6±2.84 – – – –

after the first EECP 9.52±3.0 0.93 0.01 0.50 1.57

after the last EECP 9.63±2.63 1.04 0.006 1.10 3.17

OA NAION eye before EECP 31.62±9.3 – – – –

after the first EECP 30.73±5.35 −0.98 0.715 −4.18 −0.78
after the last EECP 30.67±7.43 −1.17 0.312 −3.67 −0.27

Normal eye before EECP 32.0±13.21 – – - –

after the first EECP 31.09±8.21 −1.07 0.657 −4.39 −0.34
after the last EECP 31.45±9.32 −0.71 0.879 −5.43 −0.38

Data are means±standard deviations

EECP enhanced extracorporeal counterpulsation, CRA central retinal artery, EDV end-diastolic velocity, OA ophthalmic artery, PSV peak-systolic
velocity, MFV mean flow velocities

Table 3 End-diastolic velocities (EDV) in the OA andCRA before and after EECP in both eyes of the patients with acute unilateral NAION (mean±SD)

EDV (cm/s) Mean±SD (N=16) β P 95 % C.I.

Low Upper

CRA NAION eye before EECP 3.01±1.27 – – – –

after the first EECP 3.39±1.09 0.64 < 0.001 0.11 0.87

after the last EECP 3.44±1.25 0.94 < 0.001 0.26 1.02

Normal eye before EECP 3.22±0.64 – – – –

after the first EECP 3.38±0.90 0.13 0.004 0.02 0.33

after the last EECP 3.42±1.09 0.24 0.002 0.08 0.59

OA NAION eye before EECP 8.48±3.72 – –

after the first EECP 8.95±2.49 0.38 < 0.001 0.26 0.91

after the last EECP 9.06±2.05 0.47 < 0.001 0.31 1.02

Normal eye before EECP 8.44±3.56 – –

after the first EECP 8.59±2.5 0.37 0.004 0.08 0.63

after the last EECP 8.76±1.32 0.41 < 0.001 0.11 0.96
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been documented in increasing shear stress of blood flow,
resulting in the release of vasodilating factors (e.g., nitric
oxide, prostacyclin) and antithrombotic factors from the vas-
cular endothelial cells and platelets, contributing to reopening
of the occluded arteries and increasing collateral perfusion [5,
11–14]. However, reports of the retrobulbar haemodynamics
and IOP alterations in patients with NAION during EECP are
rare. In this prospective study for elderly patients with acute
unilateral NAION, we demonstrated that EECP progressively
increased blood flow velocities of the OA and CRA, and
progressively decreased IOP in both eyes. Furthermore, the
visual function in the affected eyes of NAION patients was
significantly improved after 12 h EECP in our study.

Werner et al., reported a greater increase in EDV and a
smaller reduction in PSV in the OA of elderly patients with
atherosclerosis before and during EECP [8]. Our results of
flow velocities in the OA of elderly patients with acute uni-
lateral NAION before and after EECP are consistent with their
report. Werner et al., also reported that the flow pattern of the
OA showed a characteristic second diastolic wave in all

subjects during EECP [8]. However, this pattern was not
found immediately after EECP in our patients.

The cause of progressive reduction of IOP after EECP in
our study is unclear. EECP augmented the ocular blood flow
velocities, which may lessen the venous blood stasis and
reduce the outflow resistance of aqueous humor (flows
through trabecular meshwork and sclera venous), eventually
resulting in reduced IOP. However, although in a previous
report, EECPmay augment cerebral arterial blood flow [7], no
evidence was found to support that EECP increased cerebral
venous outflow, which requires further investigation. Another
possible mechanism is the reduced systemic systolic pressure
after EECP [15], which is associated with reduced IOP
[16–18]. However, further study is also necessary for the
correlation, especially long-term correlation, between IOP
and blood pressure.

In the present study, we found that EECP progressively
increased blood flow velocities of the OA and CRA and
decreased IOP in both eyes. Reduction of IOP and improve-
ment of ocular blood flow were also reported in the literature
[19, 20] that assessed the effect of IOP-lowering eye drops on
eyes of primary glaucoma patients. However, the correlation
between reduction of IOP and ocular blood flow was rarely
studied. It has been reported that ocular perfusion pressure

Table 4 Mean flow velocities (MFV) in the OA and CRA before and after EECP in both eyes of the patients with acute unilateral NAION (mean±SD)

MFV (cm/s) Mean±SD (N=16) β P 95 % C.I.

Low Upper

CRA NAION eye before EECP 4.72±1.16 – – – –

after the first EECP 5.31±1.35 0.86 < 0.001 0.21 1.27

after the last EECP 5.79±1.23 1.14 < 0.001 0.76 1.32

Normal eye before EECP 4.87±0.75 – – – –

after the first EECP 5.33±1.73 0.53 0.004 0.32 1.03

after the last EECP 5.67±1.42 0.84 < 0.001 0.71 1.57

OA NAION eye before EECP 16.14±2.8 – –

after the first EECP 16.44±5.35 0.38 < 0.001 0.26 0.91

after the last EECP 16.68±7.40 0.51 < 0.001 0.34 1.14

Normal eye before EECP 16.02±6.24 − –

after the first EECP 16.39±6.46 0.32 0.004 0.23 0.83

after the last EECP 16.51±6.87 0.48 < 0.001 0.31 1.06

Fig. 1 Changes of the mean systolic flow velocity, mean diastolic flow
velocity, and mean flow velocity in the ophthalmic artery (OA) and
central retinal artery (CRA) after the first hour of Enhanced Extracorpo-
real Counterpulsation (EECP) in patients with non-arteritic anterior isch-
aemic optic neuropathy (NAION) (%)

Fig. 2 Changes of mean systolic flow velocity, mean diastolic flow
velocity, and mean flow velocity in the OA and CRA after the last EECP
treatment in patients with NAION (%)
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(OPP) increases with the decrease of IOP [21]. The blood flow
velocities of the CRA (e.g., PSV) could be increased when
OPP was elevated due to the positive correlation between
them [22], which therefore may reveal the association be-
tween blood flow and changes of IOP. Although the ocular
blood flow in our study was not correlated with the reduction
of IOP, their correlation is worth further investigation.

Although flow velocities of the CRA in both eyes were
progressively increased by EECP, more significant increases
were found in the change of flow velocities of the CRA in
NAION eyes than that of the normal fellow eyes. This may be
explained by the blood perfusion in ischemic eyes that was
significantly increased by EECP compared to that in normal
eyes. In a previous study, an increase in blood flow occurred in
ischemic retinal tissue after EECP, but no change of perfusion
was found in the surrounding nonischemic retinal tissue [9].
Therefore, the results from our study and Werner et al., indi-
cate that ischemia and/or impaired blood vessel autoregulation
may make the ischemic tissue a priority region for rapid
reperfusion after EECP.

EECP is a noninvasive, safe, and well-tolerated procedure
with very few contraindications. In the literature, only minor

EECP device-related side effects (e.g., pain in the legs or skin
abrasion) were reported [6]. No retinal bleeding caused by the
procedure was observed [9]. In our study, all patients wore
fitted cotton trousers and air bags were wrapped properly with
bone salient placed above pads during the treatment. Only one
patient complained of the pain in the lower legs, which was
caused by a skin abrasion induced by EECP. No retinal
bleeding induced by EECP was observed in our study, sug-
gesting that EECP is safe in these patients. Furthermore, there
was significant improvement in VA in NAION eyes of the
patients after EECP treatment, and the VA improvement was
correlated positively with the blood flow parameter. We also
found a significant difference in median MD in NAION eyes
after 12 h EECP. These findingsmay further indicate the effect
of EECP on NAION eyes. However, the clinical significance
of these changes, especially the change in VF, is still minimal.
Further studies are required to verify these findings, and to
justify the clinical impact of such changes in NAION patients.

The pathogenic concept of an acute NAION includes the
acute hypoperfusion of short posterior ciliary arteries (SPCAs)
[1, 2, 23]. However, it is impossible for CDI to differentiate
the individual paraoptic branches of SPCAs. The values

Fig. 3 Color Doppler imaging
(CDI) of one female patient with
unilateral NAION in the affected
eye after the first and last EECP
treatments. a CDI of the OA of
the NAION eye after the first hour
EECP; b CDI of the OA of the
NAION eye after the last EECP
treatment. Arrow indicates that
the blood flow velocity was
augmented by EECP; c CDI of
the CRA in the NAION eye after
the first hour EECP; d CDI of the
CRA in the NAION eye after the
last EECP treatment. Arrow
indicates that the blood flow
velocity was augmented by EECP

Table 5 Intraocular pressure in
the affected and unaffected eyes
in patients with acute unilateral
NAION before and after EECP

IOP intraocular pressure

IOP (mmHg) P 95 % CI

Mean±SD Low Upper

NAION eye before EECP 17.56±2.76

After the first EECP 15.05±2.36 < 0.001 −3.65 −0.90
after the last EECP 14.85±1.65 < 0.001 −3.74 −1.05

Normal eye before EECP 17.05±2.53

After the first EECP 15.65±2.23 0.002 −3.52 −1.35
after the last EECP 14.89±2.45 0.001 −3.57 −1.42
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obtained from CDI represent “acceptable” waveforms from
bundles of vessels rather than individual vessels [24]. The
anatomy of SPCAs is highly variable between different indi-
viduals, and anastomoses and narrowing are commonly ob-
served [25]. Therefore, SPCAs were not included in our study
since these data cannot be measured individually by using
CDI. Since EECP therapy could produce the vibration of body
and head, measurements of IOP and ocular blood flow veloc-
ities during EECP were not recorded in the present study. In
the future, more indices for blood flow comparison other than
blood flow velocities alone should provide more insights into
this treatment. The treatment duration was based on prior
clinical studies in chronic angina (thirty-five 1-h daily treat-
ment sessions) [5, 6]. However, considering that EECP is a
long-term treatment method, in the present study, which is an
initial trial of EECP therapy on NAION, we used a less but
effective amount of treatment with 12 sessions. In future
study, long-term treatment and randomly controlled clinical
trials should be performed on a large sample size, and the
research period may also be extended to days or weeks after
EECP so as to investigate the sustained effect of EECP on
NAION patients.

In conclusion, in the present study, EECP progressively
increases the blood flow velocities of the OA and CRA in both
eyes of acute unilateral NAION patients. The extent of ocular
blood flow velocities augmentation immediately after EECP
appears to be more significant in NAION eyes than that in
fellow eyes. EECP could be a clinically effective and safe
procedure for patients with NAION.
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