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Abstract

The development of vascular dementia and Alzheimer’s Disease (AD) share 
an association with hemodynamic risk factors. Physical exercise improves 
cardiac output, which in turn increases Cerebral Blood Flow (CBF) and may 
improve cognitive function. Unfortunately, patients with signs of dementia are 
not always able to exercise, due to cognitive or physical decline. The Enhanced 
External Counterpulsation (EECP) therapy system is a non-invasive device 
used for patients with chronic angina and mild heart failure. This study evaluated 
the CBF changes in patients (n=4) with Mild Cognitive Impairment (MCI) after 35 
one hour sessions of EECP therapy over 7 weeks. EECP therapy improves CBF 
in certain brain regions and there is evidence that these effects may persist for 
6 months post-treatment. Cognitive function appears to be correlated with CBF 
rate in the hippocampus and precuneus. Although this study is small, its results 
are promising and support the need for a larger randomized controlled trial.
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Introduction
There is a strong correlation between Alzheimer’s disease (AD) 

and poor Cerebral Blood Flow (CBF) [1]. Cognitive decline occurs 
naturally with age, however a more severe decline, as in Mild 
Cognitive Impairment (MCI), is a precursors to AD. Observational 
studies have shown that the treatment of vascular risk factors 
including: hypertension, diabetes, cerebrovascular diseases, and 
hypercholesterolemia, decrease the risk of dementia progression 
[2,3]. Physical exercise is the most basic and efficient way to improve 
blood flow [4]. Physical exercise has been shown to increase cardiac 
output, which in turn leads to an increase in CBF [5]. Wang et al 
and Varghese et al. have shown that elderly patients who partake in 
physical activity are less likely to develop dementia and experience 
cognitive decline [6,7]. Due to cognitive or physical decline, patients 
with signs of dementia are not always able to exercise. The Enhanced 
External Counterpulsation (EECP) therapy system is a non-invasive 
device. Traditionally, EECP is used to treat patients with chronic 
angina and Congestive Heart Failure (CHF) by increasing cardiac 
output and reducing the workload of the heart. EECP increases 
cardiac output by improving systolic unloading and venous return 
[8]. Patients with CHF have an increased risk of cognitive dysfunction 
presumably because of decreased CBF [9]. In a study done by Kozdag 
et al. EECP therapy resulted in improvement in all cognitive domains 
except visual and verbal memory tests in patients with CHF [9]. Thus, 
EECP may be used as an exercise alternative to increase CBF. The 
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effects of EECP may act similarly to exercise therapy and are explored 
for patients with MCI in this study. Our objective was to evaluate 
CBF changes as well as changes in cognition in patients with MCI 
and no CHF or angina after 35 one hour sessions of EECP therapy. 
This was performed on a small sample for safety and feasibility in 
a cognitively impaired population. Future and larger outcome trials 
may be modeled after this small study.

Methods
Four patients, ages 64-74, were screened and selected from 

the University of Kansas Medical Center, with Clinical Dementia 
Rating (CDR) scores of 0.5, indicating MCI. Each study patient gave 
informed consent and understood the study rationale.

Patients received standard EECP (Figure 1, Vasomedical, 
Westbury, NY) therapy, consisting of 35 one hour treatments over 

Figure 1: EECP Machine. Vasomedical, Westbury, NY.
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a seven week period (5 treatments per week). The EECP machine 
contains 3 paired pressure cuffs wrapped around the calves and the 
lower and upper thighs. These cuffs are inflated sequentially (applying 
250-300 mmHg of external pressure) starting from the calves during 
diastole and rapidly deflated during systole. The compressions 
and relaxations of the cuffs are paired with the R wave of the heart 
during the cardiac cycle. The cardiac cycles is monitored with a 
microprocessor that coordinate the inflation and deflation of the cuff 
with each heart beat via electrocardiogram interpretation.

The Hachiniski Ischemic Score is used for differentiating 
types of dementia, patients with scores above 7 are indicative of 
vascular dementia and was used to exclude patients with severe 
vascular dementia in this study (mean= 3.5). Cognitive function of 
each patient was evaluated pre and post treatments using the AD 
Assessment Scale-Cognitive Subscale (ADAS-cog). Using a Siemens 
Skyra 3 Tesla scanner, arterial spin labeling perfusion Magnetic 
Resonance Imaging (MRI) measured CBF in three predetermined 
Regions of Interest (ROI); the hippocampus, inferior parietal lobe, 
and precuneus. Cognitive function and CBF were measured prior to 
EECP therapy, 24 hours after the last treatment, and 6 months post-
EECP therapy. CBF of 20 healthy controls (CDR = 0) was measured 
with perfusion MRI for baseline comparison.

Results
In (Table 1), pre-EECP therapy, the MCI group had significantly 

lower CBF compared to cognitively normal (CDR =0) age-matched 
controls (n=20, Mann-Whitney U test). On average, brain CBF 
increased between 2.5-15.8% following EECP treatment (paired 
t-test; Table 1). The hippocampus saw the highest percent increase at 
15.8%, the precuneus region showed a 13.6% increase and the inferior 
parietal lobe saw the smallest increase at 2.5%. In this small sample 
(n=4), CBF increase following EECP therapy approached statistical 
significance in the hippocampus (p=0.064) and precuneus (p=0.057). 
Moreover, at the six month follow up scan, there was some evidence 
that previously increased CBF was maintained (hippocampus) or 
possibly increased in some brain regions (precuneus). 

We also carried out voxel-wise paired t-tests to identify the voxels 
that were contributing to the ROI analyses above. The hippocampal 
and precuneal voxels displayed significantly higher flow after EECP 
therapy (p<0.05).

While this pilot study was underpowered to detect changes in 
the ADAS-cog scores with treatment, scores on this battery were 

correlated with changes in CBF specifically in the hippocampus. 
Three subjects received both baseline and post-EECP ADAS-cog 
score measurements showed improved hippocampal CBF that 
correlated with improved (i.e. lowered) dementia score (r2=0.78, 
Figure 2, 3). These results should be treated with caution since the 
sample was small and since we would expect dementia scores to 
worsen (i.e., increase) over time. Accordingly, even a lowering of the 
rate of decline could be interpreted as a positive outcome.

Discussion
We found that 35 hours of EECP therapy over 7 weeks improved 

CBF in patients with MCI compared to cognitively normal patients. 
Specifically, CBF in the hippocampus and precuneus regions 
improved following EECP therapy. These regions and the inferior 
parietal were of interest because of their involvement in cognition 
and cognitive decline [10].

Reduced CBF is strongly associated with the development 
of AD [1,2,10]. The vascular hypothesis of AD attributes disease 
development to age and vascular risks that leads to brain 
hypoperfusion [10]. Additionally, it is thought that increasing CBF 
contributes to increases in various neuroprotective mechanisms 
(angiogenesis, neurogenesis, synaptogenesis, and neurotransmitter 
synthesis) in cerebral areas involved in cognition and mobility [11]. 
In addition to these neuroprotective mechanisms, exercise is known 
to be one of the most potent non-pharmacological vascular protective 
interventions [12]. Improved CBF is thought to be caused by decreases 
in vascular oxidative stress and a reduction in the vascular burden 
[12]. The reduction in vascular burden indirectly reduces AD risk by 
improving vascular nitric oxide metabolism, vascular remodeling and 
regeneration, and endothelial signaling [13,14].

Exercise is not always a practical or possible option for an 
aging and cognitively declining population. This is where the EECP 
system comes into play; the EECP machine works in tandem with 
the circulatory system to reduce the work load of the heart and to 
improve cardiac output in patients with compromised cardiovascular 
systems. When used to treat patients with chronic angina and CHF, 
EECP therapy significantly improved quality of life and peripheral 
vascular function and functional capacity in coronary artery disease 

Perfusion
(control)
(Mann-

Whitney 
p)

Per-
fusion
(pre)

Per-
fusion
(post)

% 
increase p-value

Per-
fusion

(Follow-
up)

Hippo-
campus

37.8 
(p=.007) 22.3 25.8 15.8% 0.064 24.5

Inferior 
parietal

lobe

28.6 
(p=.001) 12.8 13.1 2.5% 0.216 12.9

Pre-
cuneus

37.4 
(p=.013) 19.5 22.1 13.6% 0.057 24.4

Table 1: CBF group averaged data. On average, CBF increased between 2.5 
– 15.8% after EECP therapy. In this small sample, this increase approached 
statistical significance in hippocampus and precuneus. Mean CBF in each region 
remained lower than healthy controls (p<0.05).

Figure 2: Model patient receiving treatment on EECP machine. Vasomedical 
Inc, Westbury, NY.
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patients with ischemic left ventricle dysfunction to a similar degree 
to that seen in patients with coronary artery disease and preserved 
left ventricle function [15,16]. EECP therapy has also been found to 
increase cardiac output during treatment by 75% and reduce systemic 
vascular resistance by 20-30% [17]. EECP is not meant to replace 
exercise, its purpose in this study is to provide an alternative route 
to increase CBF.

It has been debated on whether EECP therapy has any benefit to 
CBF in the brain. Some think that the brain’s strict regulation of CBF 
within the blood brain barrier is constant and unchanging [18-20]. 
However, these data were obtained after a single treatment of EECP 
therapy and on patients without AD. We do know that AD patients 
show compromises in cerebrovascular structure [13] but is not 
known if the auto regulation of CBF is disrupted because of this. Yang 
and Wu proposed that EECP induces endothelial shear stress that 
may promote angiogenesis and vasculogenesis [14]. This proposed 
mechanism could affect CBF. Despite skepticism and an unclear 
mechanism, we were able to show that it is possible to increase and 
maintain CBF with EECP therapy in patients with MCI. 

Our study was conducted as safety and feasibility pilot study for 
future use of EECP therapy in a cognitively declining population not 
for the purpose of finding statistically significant data. However, some 
significant and nearly significant data were found. Baseline regional 
CBF measurements showed that the MCI group had significantly 
lower CBF as compared to controls (p<0.05) in all 3 ROI. This baseline 
assessment justifies our interest in improving CBF in MCI patients 
and allowed us to measure improvements from EECP therapy.

Percent increase in MCI patients’ CBF approached significance in 
MCI patients’ hippocampal and precuneus regions. Additionally, 3 of 
the 4 subjects returned for post-EECP cognitive score measurements 
(ADAS-cog). The ADAS-cog is a brief cognitive battery aimed at 
measuring dementia severity. Lower composite scores on this battery 
indicate lower cognitive impairment. Scores indicated a correlation 
between increased hippocampal CBF and improved (i.e. lowered) 
dementia score. This finding provides further support for our 
hypothesis that EECP therapy may increase cognitive functioning in 
AD patients by increasing CBF in critical areas of the brain. Our study 
was underpowered to see an overall significant improvement on the 
ADAS-cog.

Likely with an increased sample size, CBF improvements would 
be significant following EECP therapy. Additionally, our study was 
underpowered to detect an overall improvement in ADAS-cog. Our 
results demand larger trials in order to determine if EECP therapy is 
an effective preventive method for cognitive decline.

EECP System Therapy improves CBF in certain brain regions 
and there is evidence that these effects may persist for 6 months 
post-treatment [21]. Cognitive function appears to be correlated with 
CBF rate in the hippocampus and precuneus. EECP Therapy System 
offers a non-invasive therapy option for patients with cognitive 
impairments without requiring the risk of physical activity. Although 
this study is small, its results are promising and support the need for 
a larger randomized controlled trial.
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