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Abstract: Objective Enhanced External Counterpulsation (EECP) could promote shear stress to vascular
endothelial cells in vivo. However, the effects of EECP on vascular endothelial function in hypercholesterolemia
remains unknown.  Vascular endothelial functions associating with EECP treatment was examined in porcine
hypercholesterolemic model. Methods Thirty- four male piglets were randomly divided into 3 groups: the normal
feeding group (NF, n = 8), the hypercholesterolemic control group (high- fat chow diet, HF, n=13) and the
“hypercholesterolemic + EECP” group (HF + EECP, n = 13). While porcine hypercholesterolemic model was made,
EECP was performed on animals of HF + EECP group, 2 hours every other day lasting for 36 days. Endothelial
dependent flow- mediated vasodilation (FMD) of the right brachial artery was assessed by day 0 (prior to EECP), day
18 and day 36, respectively, immediately after EECP treatment. High sensitivity C- reactive protein (hsCRP) was
measured at the same time points in all animals. At the end of study, the left descending arteries (LDA) of all
animals were isolated for scanning electron microscopy (SEM). Results In HF + EECP group, FMD were improved
significantly from 5.2%+1.7%(d0),12%+6%(d18), to 11.4%+2.8%/(d36, after EECP treatment, P< 0.01).  On the
contrary, FMD was decreased from 7.8%+3.7%(d0), 7%+4%(d18), to 5.1%+2.0%(d36) in the HF group. Level of
hsCRP was significantly decreased in animals of HF + EECP group at day 18 and 36, comparing to the HF group
[(0.327 £+ 0.076) mg/L vs (0.469 + 0.168) mg/L (d 18); (0.31 + 0.09) mg/L vs (0.51+ 0.26) mg/L (d 36 ), P< 0.01].
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The distribution of LAD endothelial cells in HF piglets showed an irregular arrangement with obvious desquamation
of coronary endothelial cells and formation of atherosclerotic plaque after 36- day treatment. However, vascular
endothelial function was significantly restored by 36 hours EECP by presence of streamliner arrangement and less

desquamation. Conclusions

EECP could improve endothelial dysfunction in hypercholesterolemic piglet model,

which may benefit in preventing the development of artherosclerosis.
Key words: enhanced external counterpulsation; hypercholesterolemia; endothelial function; high- sensitivity C-

reactive protein; flow- mediated vasodilation
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SPSS12.0 , Table 1 Changes of flow- mediated vasodilation of brachial
+ , artery among three groups (FMD, %)
(oneway ANOVA), post- hoc NF HFE_HF+EECP F P
0d 14.0+43.7 7.8+3.7Y 5.2+1.7Y 21.705 0.000
, SAS 18 d 205 T+4? 124699 19.008 0.000
36d 11.0+59 51+2.07 11.4+2.8% 13.825 0.000
Ridit ,P<0.05
FMD: flow- mediated vasodilation, EECP: enhanced external
counterpulsation, NF: normal feeding, HF: high- fat chow diet, HF+
2 EECP: high- fat chow diet + EECP treatment; 1) compared with NF
group P< 0.05; 2) compared with NF group P< 0.01; 3) compared
2.1 with HF group P< 0.05; 4) compared with HF group P< 0.001
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Table 2 Changes of High - sensitivity C - reactive protein .
(hsCRP, mg/L) among three groups ’
NF HF HF+EECP F P , , ,
Base 0.34+0.19 0.25£0.08  0.270.10 3.387 0.049 ,
0d 0.296+0.018 0.497+0.157Y 0.528+0.167% 1.060 0.360
18d 0.167£0.018 0.469+0.168" 0.327+0.076"> 8.427 0.004 _’i_ 7’ ,
36d 023£0.03  051+0.26"  0.31+0.09% 5.743 0.002 HE 3
hsCRP: High- sensitivity C- reactive protein, EECP: enhanced 27
external counterpulsation, NF: normal feeding, HF: high- fat chow 3 ,
diet, HF+EECP: high- fat chow diet +EECP treatment; 1) compared ( 1A) HF

with NF group P< 0.05; 2) compared with HF group P< 0.05;

3

(  1B) HF+EECP

Table 3 Effect of EECP on macro- pathological changes and micro- pathological changes

Changes of abdominal aorta

Changes of coronary artery

Group n
4 3 2 1 0.5 0 Ridit value 4 3 2 1 0 Ridit value
NF 8 1 2 5 0.191 0 0 0 4 4 0.243
HF 13 1 3 7 1 1 0 0.748Y 2 4 6 1 0 0.758Y
HF+EECP 13 0 1 3 8 0 0.44292 0 1 2 7 3 0.4002

1) compared with NF group, P< 0.01; 2)compared with HF group, P< 0.001.
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Fig.1 The results of scanning electron microscopy

examination of coronary artery (x500)
A: normal feeding group; B: hypercholesterolemia pigs; C:

hypercholesterolemia pigs treated with EECP
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Table 4 Changes of the shear stress (t) on the endothelial
wall before EECP (Base) and during EECP in porcine
hypercholesterolemic model

Base In EECP F P
0.151+0.04 0.152+0.04  0.009 0.927

Systole  IDS (cm)

vs (cis) 50.77+13.61 5508+11.14 0.651 0.428
T(dynefcm?)  53.19+17.21 56.35+13.26 0.005 0.946
Diastole 1D4(cm) 0.165+0.04 0.166:0.04  0.008 0.936
vo{crmis) 2545 57+14  34.289 0.000
Tdynelen?) 2437 53:14  22.717 0.000
Mean  vi{cmis) 2146 20¢7  14.054 0.000
Tu(ynefcmd) 207 27+8 8.723 0.007

Vs Systolic peak velocity, vp: diastolic velocity, v mean
velocity; T: shear stress on the endothelial wall; EECP: enhanced
external counterpulsation

(atherosclerosis, AS)
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