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ABSTRACT
Objectives: External counterpulsation (ECP) is a
non-invasive method being investigated for ischaemic
stroke. We aimed to explore predictors of good
functional outcome for ECP-treated ischaemic stroke
patients who completed a minimum of 10 sessions.
Methods: We analysed our ECP registry of ischaemic
stroke patients with cerebral large artery stenosis who
underwent ECP therapy at the Prince of Wales Hospital
from 2004 to 2010. We included 155 patients who
completed at least 10 sessions of ECP and had 3-
month follow-up data as well as 52 medical controls.
Functional outcomes were dichotomised into good
outcome (modified Rankin Scale (mRS) 0–2) and bad
outcome (mRS 3–6). We compared the differences in
two groups in terms of demographics, medical history
and parameters of ECP treatment.
Results: At 3 months after stroke, 70.5% of patients
who finished the whole course of ECP had a good
outcome (only 46.5% in the unfinished group and
38.5% in the medical group). Among all 207 recruited
cases, 119 (57.5%) patients had a good outcome at
3 months after stroke. Compared with the bad outcome
group, patients in the good outcome group were
younger and had a lower baseline National Institutes of
Health Stroke Scale (NIHSS) and longer ECP therapy
duration. Multivariate logistic regression showed that
ECP duration (OR 1.032), baseline NIHSS (OR 0.734)
and age (OR 0.961) were independent predictors for a
favourable outcome.
Conclusions: Duration of ECP therapy is first found
to be an important predictor for good outcome of ECP-
treated ischaemic stroke patients, in addition to the
well-known prognostic factors such as age and NIHSS.

INTRODUCTION
External counterpulsation (ECP) is a non-
invasive and effective method for augment-
ing the cerebral blood flow of ischaemic
stroke patients with large artery stenosis.1

Nowadays, the commonly used ECP device is
a sequential pneumatic system with inflatable
cuffs, called enhanced external counterpulsa-
tion (EECP), which was developed in 1980s.2

In the EECP system, there are three pairs of
pneumonic cuffs applied to the calves, lower
thighs and upper thighs. The ECG triggers
cuff inflation sequentially from distal to prox-
imal during diastole and release cuff pres-
sure before the start of systole. Diastolic
pressure on the lower extremities improves
venous return and cardiac output, while
deflation before systole leads to increased sys-
tolic unloading. Therefore, ECP could help
to increase perfusion of vital organs, such as
the brain, liver and kidney.3 4 Today, EECP is
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widely accepted as a safe and highly beneficial treatment
for angina pectoris.5 The standard duration of EECP
treatment is generally several weeks (5 daily 1 h sessions
each week for 7 weeks, for a total of 35 sessions), based
on empiric data from studies in China.6 A short course
of 10 sessions of EECP therapy before a high-risk coron-
ary artery bypass graft could improve myocardial perfu-
sion and left ventricular function.7 Currently, ECP is a
new treatment concept for ischaemic stroke and the
investigation of its safety for acute ischemic stroke
patients is undergoing in a clinical trial (Safety Study of
External Counterpulsation as a Treatment for Acute
Ischemic Stroke, CUFFS, NCT00983749). Our previous
study found that ECP may help the recovery of ischae-
mic stroke patients with large artery occlusive disease.8

Previous reports have used data from the EECP regis-
try to investigate various effects of EECP.9 10 We aim to
explore the effects of ECP on ischaemic stroke from our
ECP registry, which includes stroke patients only. The
purpose of this study is to discover the predictors of
good functional outcome for ECP-treated ischaemic
stroke patients who completed treatment for a minimum
of 10 session. We proposed to find out retrospectively
the significant predictors in different outcome groups
and then identify those independent factors in a multi-
variate model.

MATERIALS AND METHODS
Subjects
We recruited consecutive patients with recent ischaemic
stroke associated with cerebral large artery stenosis who
were hospitalised at the Prince of Wales Hospital, Hong
Kong. Acute ischaemic stroke was diagnosed according to
the WHO criteria, and patients were included in the
study if there was at least one carotid or cerebral large
artery stenosis (moderate stenosis or >50% stenosis) diag-
nosed by MR angiography, CT angiography, transcranial
Doppler11 or Doppler duplex. Those with cardioembolic
stroke or a history of intracranial haemorrhage were
excluded. Patients were excluded if their cerebral large
artery stenosis was caused by vasculitis. As for patients
with stroke due to small vessel occlusion, the patient was
included if he had imaging evidences of concurrent cere-
bral large artery stenosis, otherwise excluded.
Contraindications for ECP (sustained hypertension,
aortic aneurysm, severe peripheral artery disease and
carotid dissection), severe systemic diseases and malig-
nancy were also in the exclusion criteria. The study was
approved by the local medical ethics committee ( Joint
CUHK-NTEC Clinical Research Ethics Committee).
Patients who agreed to receive ECP treatment as an add-
itional therapy for their routine medical treatment were
given ECP therapy. Among those stroke patients recruited
from 3 May 2004 to 15 April 2010, 226 received ECP treat-
ment using the Enhanced External Counterpulsation
system, Vamed Medical Instrument Company device,
model number MC2 or MC3 (Guangdong, China, cuff

inflation pressure between 150 and 225 mm Hg). The
standard protocol involved 35 1 h sessions (at least 5
times/week), but some failed to complete the whole
course treatment for reasons as described below. Since
most patients (188 cases, 83.2%) completed at least 10
hourly sessions of ECP and 10 sessions of EECP therapy
were suggested to be beneficial to surgical outcome after
coronary artery bypass graft,7 we included these 188
patients in the next step as shown in figure 1. We followed
up patients at 3 months after treatment with the modified
Rankin Scale (mRS) at clinic visits; 155 patients success-
fully completed follow-up while 33 did not. Among those
155 patients, 112 completed all 35 sessions (finished ECP
group) and 43 did not (unfinished ECP group). Of the
43 patients who did not receive all 35 sessions of ECP
treatment, 16 (37.2%) failed to complete the whole
course because of lack of social support for outpatient
attendance after discharge from the hospital. Eight
patients (18.6%) declined further treatment after their
neurological deficit improved. Four patients (9.3%) dis-
continued treatment because they could not tolerate the
adverse effects, such as leg pain, haematuria and skin
abrasion. Seven patients (16.3%) stopped treatment
because of other comorbidities such as depression, ven-
tricular ectopic beat and renal failure. Six patients (14%)
declined to continue treatment for personal reasons and
two patients for reasons unknown. At the 3-month
follow-up, one patient developed cardiovascular disease,
and the other died from renal failure (neither completed
35 sessions of ECP). No patients had transient ischaemic
attack (TIA) or recurrent stroke.
We also recruited 52 hospitalised ischaemic stroke

patients during May 2004 and April 2010, who fulfilled
the same inclusion and exclusion criteria with the ECP
group but refused ECP and received only medical treat-
ment. Assessment of mRS at 3 months after stroke was
performed at their clinical visits as well. All recruited
patients signed informed consent.

Data analysis
We dichotomised the 3-month follow-up mRS into good
outcome (mRS 0–2) and bad outcome (mRS 3–6). We
compared the demographic differences (eg, age, gender
and vascular risk factors) between two groups, as well as
the medical history, medications and the number of
ECP sessions completed. Continuous data were analysed
by independent-sample t tests when there was a normal
distribution and by the Mann-Whitney test if there was a
skewed distribution. Category data were analysed by the
χ² test. We used multivariate logistic regression to iden-
tify the independent predictors for a better outcome
among these ECP-treated stroke patients. Significance
level was defined as p<0.05.

RESULTS
There were 207 ischaemic stroke patients recruited in
the analysis, of which 155 received ECP and 52 did not.
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One hundred and twelve patients in the finished group
completed 35 sessions, and the unfinished group had 43
patients (table 1). For 74.9% of these 207 patients, the
relevant ischaemic infarct sites were located in anterior
circulation, and for 22.2% of them the sites were located
in posterior circulation, and 2.9% had infarcts involving
both anterior and posterior circulation. There were 168
(81.2%) patients verified with intracranial large artery
stenosis, 12 patients with extracranial carotid stenosis
and 27 patients with both extracranial and intracranial
stenosis. For the 155 ECP-treated patients, 94 (60.6%)
received ECP treatment within 7 days after stroke onset
and 144 (92.9%) within 1 month. At 3 months after
stroke, 70.5% of patients in the finished group had mRS
0–2, compared with 46.5% in the unfinished group and
38.5% in the medical group.
Good outcome was found in 119 (57.5%) patients and

bad outcome in 88 patients at the 3-month follow-up.
Patients in the good outcome group were younger, and
had a lower baseline National Institutes of Health Stroke
Scale (NIHSS), lower low-density lipoprotein cholesterol

(LDL-C) level and longer duration of ECP therapy.
Patients with good outcome also had more TIA history
and a slightly longer interval from stroke onset to
recruitment. There was no significant difference on the
use of medication between the two outcome groups
(table 2).
After analysis of Multivariate logistic regression, ECP

duration (p=0.008), age (p=0.023) and NIHSS at
recruitment (p<0.001) remain independent predictors
for a favourable functional outcome after ECP treatment
(table 3). In the multivariate model, the adjusted OR
associated with 1 h increase in ECP duration is 1.032.
For 155 patients who received ECP treatment, the dis-

tribution of median ECP duration according to the
3-month mRS scores was shown in figure 2. In 112
patients of the finished group, 55 of 63 patients (87.3%)
with a baseline mild stroke severity (baseline NIHSS ≤5)
had favourable outcome at 3 months while only 24 of 49
patients (49%) with moderate or severe neurological
impairment at baseline achieved better outcome
(p<0.001).

Figure 1 Flow chart of external

counterpulsation (ECP)-treated

patient selection from the ECP

registry.

Table 1 Patient group according to ECP treatment

Medical group (52) Unfinished ECP group (43) Finished ECP group (112)

Age (year) 70.10±10.52 71.47±10.51 67.69±9.74

Gender, male (n, %) 25, 48.1 24, 55.8 78, 69.6

Stroke onset to recruitment (day) 4.46±1.79 7 (1–90) 6 (0–95)

NIHSS at recruitment 6.5 (4–16) 8 (0–20) 5 (0–22)

ECP duration (h) 0 20.74±6.81 35

mRS 0–2 at 3 months (%) 38.5 46.5 70.5

ECP, external counterpulsation; NIHSS, National Institutes of Health Stroke Scale.
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DISCUSSION
For the first time, the duration of ECP therapy is found to
be an important predictor of stroke recovery after ECP
treatment. ECP duration is independently significantly
associated with clinical outcome after adjustment for well-
known predictors such as age and baseline NIHSS.
Patients with longer treatment duration tend to have
better functional outcome 3 months after stroke. This
finding is consistent with experiments in the angina pec-
toris, which suggests that a longer ECP duration is better.
Lawson et al12 reported that 21.7% of angina patients in

an incomplete treatment course group had at least one
Canadian Cardiovascular Society class reduction com-
pared with 83.4% of patients in a complete treatment
group. Data from the International EECP Patient Registry
demonstrated that additional extended therapy (more
than 35 h) or even repeated treatment was proved to
help patients achieve further symptom improvement.6 12 13

The importance of ECP duration may depend on the

Table 2 Clinical characteristics of functional outcome groups

mRS 0–2 (119) mRS 3–6 (88) p Value

Age (year) 67.16±9.86 71.67±10.07 0.01

Gender, male (n, %) 78, 65.5 49, 55.7 0.085

HT (n, %) 93, 78.2 68, 77.3 0.881

DM (n, %) 49, 41.2 47, 53.4 0.081

Chronic heart disease (n, %) 18, 15.1 7, 8.0 0.118

LDL-C (mmol/L) 2.94±1.11 3.34±1.10 0.014

HDL-C (mmol/L) 1.25 (0.70–2.40) 1.24±0.33 0.294

Triglycerides (mmol/L) 1.50 (0.40–5.40) 1.40 (0.60–11.70) 0.306

Total cholesterol (mmol/L) 4.94±1.28 5.24±1.16 0.09

Previous TIA (n, %) 19, 16 3, 3.4 0.004

Previous ischaemic stroke (n, %) 25, 21 28, 31.8 0.078

Smoking (n, %) 36, 30.3 23, 26.1 0.517

Alcoholism (n, %) 15, 12.6 9, 10.2 0.597

Stroke onset to recruitment (day) 6 (0–95) 5 (0–21) 0.010

NIHSS at recruitment 4 (0–22) 9 (3–20) <0.001

Admission systolic BP (mm Hg) 164.90±31.62 159.16±19.22 0.122

Admission diastolic BP (mm Hg) 86.00 (52–134) 82.95±12.40 0.345

ECP duration (h) 35 (11–35) 23 (10–35) <0.001

Aspirin (n, %) 106, 89.1 84, 95.5 0.098

Clopidogrel (n, %) 11, 9.2 5, 5.7 0.343

ACEI (n, %) 56, 47.1 51, 58 0.121

β Blocker (n, %) 13, 10.9 16, 18.2 0.137

Calcium channel blocker (n, %) 28, 23.5 23, 26.1 0.330

Statin (n, %) 90, 75.6 73, 83.0 0.203

The numbers in italics are those p value <0.05 in order to address the statistic significance.
BP, blood pressure; DM, diabetes mellitus; ECP, external counterpulsation; HDL-C, high-density lipoprotein cholesterol; HT, hypertension;
LDL-C, low-density lipoprotein cholesterol; mRS, modified-Rankin scores; NIHSS, National Institutes of Health Stroke Scale; TIA, transient
ischaemic attack. Continuous data were presented as the mean and SD if normally distributed or as the median and range if skew distributed.

Figure 2 Distribution of median external counterpulsation

duration according to the 3-month modified Rankin scores

(mRS). The median and its error bar are shown. Only one

patient had mRS=5 and one patient had mRS=6.

Table 3 Predictive factors for 3-month outcome in

multivariate logistic regression

OR

95% CI p

ValueLower Upper

Age (year) 0.961 0.928 0.995 0.023

NIHSS at recruitment 0.734 0.658 0.819 <0.001

ECP duration (h) 1.032 1.008 1.056 0.008

LDL-C 0.155

Previous TIA 0.143

Stroke onset to ECP

time (day)

0.075

The numbers in italics are those p value <0.05 in order to address
the statistic significance.
ECP, external counterpulsation; LDL-C, low-density lipoprotein
cholesterol; TIA, transient ischaemic attack.
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mechanisms of ECP. The increased arterial wall shear stress
induced by ECP in a pulsatile manner improves vascular
endothelial function, which is essential to the effectiveness
of ECP treatment.14 The improvement in the systemic endo-
thelial function may promote collateral recruitment and
angiogenesis, which may be affected by longer ECP
through the activation and expression of vascular endothe-
lial growth factor after 30 h of EECP sessions, as
reported.15 16 The modified shear stress also inhibits
intimal hyperplasia and atherosclerosis progression after
7 weeks of ECP, which may be due to effects of ECP on
proinflammatory gene expression.17 18 Angiogenesis pro-
motion and atherosclerosis regression caused by ECP do
not occur rapidly or immediately; a long duration of treat-
ment may be required to make a difference in these factors.
Age and baseline NIHSS are also independent predic-

tors of clinical outcome after treatment. Age is a well-
known and important factor on stroke outcome, where
lower age is associated with better outcome.19–21 A higher
NIHSS score indicates a more severe stroke and predicts
a poor prognosis.22 Patients with baseline mild stroke
severity are more likely to benefit from a prolonged
course of ECP treatment compared with those more
severely impaired at baseline. Although other variables
(TIA history, LDL-C level and the interval from stroke
onset to recruitment) were shown to be significant in the
univariate analysis, none of them was found to be inde-
pendently associated with the clinical outcome in the
multivariate model. Therefore, they are considered as
confounders due to the relatively small sample size.
Our study has several limitations that need to be dis-

cussed. First, it is a retrospective study of a registry.
Second, the number of patients included is relatively
small, although this is the first report from an ECP regis-
try for stroke patients. Third, the ECP treatment in this
study is not randomised. However, there is an ongoing
randomised clinical trial with the conventional medical
treatment group as a control to investigate the effects of
ECP on ischaemic stroke patients in our centre. The
results from this randomised controlled study will be
more convincing. Patients with poor outcome may find
it difficult to attend ECP after discharge from the hos-
pital, so they may be less likely to complete all 35 ses-
sions, although our finding of the importance of
treatment duration was independent of baseline NIHSS.

CONCLUSION
ECP is a new treatment concept of ischaemic stroke and
we try to explore predictors of good functional outcome
for ECP-treated stroke patients. We analysed our ECP
registry of ischaemic stroke patients with cerebral large
artery stenosis and found that duration of ECP therapy
was an important predictor for good outcome after ECP
treatment in addition to the well-known prognostic
factors such as age and baseline NIHSS. Longer ECP
duration may be associated with better clinical outcome
for ECP-treated ischaemic stroke patients.
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