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Extensive loss of cardiac muscle after ischemic attacks impedes the cardiac function which leads to 
affecting patients’ life quality. The present study was designed to investigate effect of pulsed 
electromagnetic field (PEMF) on cardiac systolic function in myocardial infarction. 14 dogs were 
experimentally subjected to ligation of left anterior descending coronary artery. Seven were treated with 
PEMF at a frequency 30 ± 3 Hz and a magnetic flux density from 0 to 50/60 guss (8 minutes / cycle for 4 
cycles). It was 5 sessions per week for 4 weeks. The other dogs who were not subjected to PEMF 
served as controls. Echocardiographic assessments for ejection fraction (EF) and fractional shortening 
(FS) were performed at four intervals: preoperative, 1 week postoperative (pretreatment), 7days post-
treatment and 1 month post-treatment. There was significant decrease in EF (t=12.64; P=0.0001) and 
FS (t=8.69; P=0.0001) in the control group relative to the study group at 1 month post-treatment. 
Regarding study group EF increased significantly from 64.44 ± 1.24% to 72.96 ± 3.79 with a 13.22 % 
change (P=0.005) and FS increased significantly from 38.78 ± 1.95% to 43.86 ± 2.19 with a 13.09 % 
change (P=0.002) at 1 month post treatment compared to pretreatment. These results indicate that 
PEMF improves cardiac systolic function and helps early reperfusion of affected myocardium. 
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INTRODUCTION 
Coronary artery disease (CAD) is an important 
cause of death and impairment in developed 
countries. Myocardial infarction refers to cell death 
of cardiac myocytes because of ischemia, and as 
a result of a perfusion imbalance between supply 
and demand.  Left ventricular ejection fraction 
(LVEF) after acute myocardial infarction is a main 
marker for cardiac function and mortality. 
Reduced LVEF increases the risk of cardiac arrest 
and death (Dagres and Hindricks, 2010). 
Pulsed electromagnetic field is able to induce 
angiogenesis and endothelial proliferation and 
save ischemic myocardium through inhibiting 
cardiac apoptosis (Yuan et al., 2010 and Pan et 

al., 2013) . Low frequency electromagnetic field 
(LF-EMF) decreases the development of reactive 
oxygen species, which are key mediators of 
ischemia/reperfusion (I/R) injury (Bialy et al. 
2015). Pulsed magnetic field (PMF) could 
stimulate angiogenesis, improve ventricular 
function and reduced infarct size in Sprague–
Dawley (SD) rats (Yuanet al., 2010). Treatment 
with PEMF inhibits cardiac apoptosis and 
enhances the cardiac systolic function (Hao et al., 
2014). 
Therefore, the objective of the current study was 
to investigate whether the pulsed electromagnetic 
field would have an effect on cardiac systolic 
function in myocardial infarction and could be 
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used as an alternative method of treatment for the 
traditional surgical choices. 
 
MATERIALS AND METHODS 
 
Animals 
Forteen dogs that had induced myocardial 
infarction (MI) were included in the current work 
(2-3 years old and 25-30 kg body weight). They 
were referred from the Veterinary Medicine 
Collage, Cairo University. They were randomly 
subdivided into two groups A and B (study and 
control). Group A included 7 dogs and received 
pulsed electromagnetic field (PEMF). GroupB 
included 7 dogs and did not receive pulsed 
electromagnetic field and served as control. The 
study was approved by ethical committee of 
Faculty of Veterinary Medicine, Cairo University, 
Egypt, with Approval No. CU II S 22 16. 
 
Myocardial infarction induction operation 
   Dogs were premeditated with xylazine (1 mg/kg 
IV) and diazepam (0.5 mg/kg IV) and ketamine 
(10 mg/kg IV) was used for induction of 
anesthesia. After intubation, dogs were 
maintained with isoflurane 1% and fentanyl (0.25 
mg · kg-1 · min-1 IV). Acute myocardial infarction 
was induced by ligation of the left anterior 
descending artery (LAD) distal to the first diagonal 
branch through left thoracotomy approach (Oron 
et al. 2001). All dogs received intravenous 
antibiotic (Ceftriaxone HCl, 0.5 gm) on a daily 
basis for five days.  
 
Treatment procedures 
After one week of operations, the treatment 
procedure was started which was PEMF 
(Fisioline, Italy, FISIOFIELD MINI) at a frequency 
of 30 ± 3 Hz and with a magnetic flux density 
increasing from 0 to 50/60 guss (8 minutes / cycle 
for 4 cycles). It was 5 sessions per week for 4 
weeks (Hao et al. 2014). 
 
Electrode placement  
 One electrode was put over the heart (at 5th 
intercostal space) and the other electrode was 10-
15 cm apart. Magnetic field was generated in a 
square wave form under electrodes. 
 
Follow up procedures  
  The follow-up procedures included 
echocardiographic assessments for ejection 
fraction and fractional shortening at several time 
intervals: preoperative, postoperative by one week 
before starting treatment (pretreatment), seven 

days post treatment and one month post 
treatment. 
 
Echocardiography 
 After shaving the chest, the dog was placed on 
his right side on a padded table. Therefore, the 
chest surface over the heart was exposed to the 
examiner. Pre-warmed ultrasound transmission 
gel was applied to the chest. Echocardiography 
was performed through the right parasternal 
approach from the third to the fifth intercostal 
spaces where the posterior wall of left ventricle 
could be properly visualized (Kayar et al. 2006 
and Boon 2011). All dogs were examined by two-
dimensional and M-mode echocardiography 
before and after operation. A 2-4 MHz 
microconvex transducer attached to an 
ultrasonographic machine (Samsung Medison, 
SONOACE-R3) was used. Left ventricular 
Ejection Fraction (EF)andLeft ventricular fractional 
shortening (FS %) were recorded. 
 
Statistical analysis 
All statistical measures were performed through 
the statistical package for social studies (SPSS) 
version 19 for windows. t-test was conducted for 
comparison between groups. ANOVA with 
repeated measures test was conducted for 
comparison between repeated measurements in 
each group. The level of significance for all 
statistical tests was set at P< 0.05. 
 
RESULTS 
 
Pre-operative mean values of EF & FS of both 
groups (study and control) 

There were no significant differences between 
both groups with regard to the mean values of EF 
and FS (P= 0.12 and 0.61, respectively) as shown 
in Table 1. 

Table 2 shows statistical analysis of the study 
group mean differences of ejection fraction (EF) 
and fractional shortening (FS) at four time 
intervals. There were significant differences 
between the four time intervals (F-value = 
41.11and 37.64; P = 0. 0001 and 0.001, 
respectively). 

 There was a significant decrease in EF and 
FS (P = 0.0001 and 0.001, respectively) at 1 week 
post-operative (pre-treatment) compared with pre-
operative from 75.46 ± 1.09%,  46.1 ± 1.43%  to  
64.44 ± 1.24%, 38.78 ± 1.95%  , with mean 
differences 11.02, 7.32 and with a 14.6 , 15.87 
%change, respectively (Table 2). 
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Table 1 Comparisonbetween pre-operative mean values )±SD(of ejection fraction  (EF) and 
fractional shortening  (FS ) of study and control groups. 

Variables 
Study group 

 ±SD 

Control group 

 ±SD 
Mean Difference t-Value P-Value 

Ejection fraction (%) 75.46 ± 1.09 74.16 ± 1.12 1.3 1.71 0.12(NS) 

Fractional shortening (%) 46.1 ± 1.43 45.61 ± 0.92 0.49 0.53 
0.61 (NS) 

 

SD: Standard deviation. Level of significance at p <0.05  : Mean  NS:Non significant 
Results of the study group 

 
Table 2 Analysis of variance with repeated measures for comparison between four time intervals 

assessment of study group.  
 

 
 
 

 ±SD 

 Pre -operative 

Post- 
operative 

by one week 
(pre- 

treatment) 

7 days post 
treatment 

one month post 
treatment 

F- 
value 

p- value 

EF 
(%) 

75.46 ± 1.09 64.44 ± 1.24 69.41 ± 3.19 72.96 ± 3.79 41.11 
0.0001 

(S) 

FS 
(%) 

46.1 ± 1.43 38.78 ± 1.95 40.87 ± 2.88 43.86 ± 2.19 37.64 
0.001 

(S) 

Multiple comparison (Bonferroni test) 

EF (%) 

 MD % of change p- value Sig. 

Pre- operative -post 
operative 

11.02 14.6 0.0001 S 

Post -operative- 7 
days post treatment 

- 4.97 7.71 0.04 S 

Post -operative- 1 
month post treatment 

-8.52 13.22 0.005 S 

FS (%) 

Pre- operative -post 
operative 

7.32 15.87 0.001 S 

Post -operative- 7 
days post treatment 

-2.09 5.38 0.12 NS 

Post- operative- one 
month post treatment 

-5.08 13.09 0.002 S 

 : Mean 
SD:  SD:Standard Deviation MD: Mean difference  Results of the control group 

 
There was a significant increase (P = 0.04) in 
ejection fraction (EF) at 7day post-treatment 
compared with 1 week post-operative (pre-
treatment) from 64.44 ± 1.24% to 69.41 ± 3.19% 
with mean difference - 4.97 and with a 7.71% 
change. On the other hand, there was a non-
significant (P = 0.12) increase in fractional 
shortening (FS) at 7 days post-treatment 
compared with 1 week post-operative (pre-
treatment) from 38.78 ± 1.95% to 40.87 ± 2.88% 
with mean difference -2.09 and with a 5.38 % 
change (Table 2). 
 There were significant increases in ejection 
fraction (EF) and fractional shortening    (FS) 
(P=0.005 and 0.002, respectively) at 1month post-

treatment compared with 1 week post-operative 
(pre-treatment) from 64.44 ± 1.24% , 38.78 ± 
1.95% to 72.96 ± 3.79% , 43.86 ± 2.19% with 
mean differences -8.52 and -5.08 with a 13.22 
and 13.09 % change, respectively (Table 2). 
Table 3 shows statistical analysis for the control 
group mean differences of ejection fraction (EF) 
and fractional shortening (FS) at four time 
intervals. There were significant differences 
between the four time intervals (F-value=975.94 
and 172.89; P-value = 0.0001 and 0.0001, 
respectively). 
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Table 3 Analysis of variance with repeated measures for comparison between four time intervals 
assessment of control group. 

  Pre operative 
Post operative by one 
week (pre treatment) 

7 days post 
treatment 

one month 
 post 

treatment 
F- value 

p- value 
 

 

 ±SD 

EF (%) 74.16 ± 1.12 65.91 ± 1.11 53.46 ± 1.29 44.1 ± 0.76 975.94 
0.0001 

(S) 

FS (%) 45.61 ± 0.92 40.7 ± 0.64 34.43 ± 0.53 31.19 ± 0.79 172.89 
0.0001 

(S) 

Multiple comparison (Bonferroni test) 

EF (%) 

 MD % of change p- value Sig 

Pre -operative - post 
operative 

8.25 11.12 0.01 S 

Post-operative- 7 days post 
treatment 

12.45 18.88 0.01 S 

Post-operative-one month 
post treatment 

21.81 33.09 0.003 S 

FS (%) 

Pre-operative - post 
operative 

4.91 10.76 0.17 NS 

Post-operative- 7 days post 
treatment 

6.27 15.4 0.03 S 

Post-operative- one month 
post treatment 

9.51 23.36 0.01 S 

 : Mean SD:  SD:Standard Deviation MD: Mean difference  Comparison between groups post treatment

 
 At one week post-operative (pre-treatment), there 
was a significant (P-value = 0.01)  decrease in 
ejection fraction (EF) compared with pre-operative 
from 74.16 ± 1.12% to 65.91 ± 1.11% with mean 
differences of 8.25and with a 11.12% change. On 
the other hand, there was a non-significant (P = 
0.17)  decrease in fractional shortening  (FS)  at 
one week post-operative (pre-treatment) 
compared with pre-operative from 45.61 ± 0.92 to 
40.7 ± 0.64 with mean differences 4.91 and with a 
10.76 % change (Table 3).  
Also, at 7days post-treatment there were 
significant decreases in ejection fraction and 
fractional shortening (P-value= 0.01 and 0.03, 
respectively) compared with 1 week post-
operative (pre-treatment) from 65.91 ± 1.11% , 
40.7 ± 0.64%  to 53.46 ± 1.29%, 34.43 ± 0.53% 
with mean differences 12.45 , 6.27 and with a 
18.88 , 15.4 % change, respectively (Table 3).    
At one  month post-treatment, there were 
significant decreases in ejection fraction  and 
fractional shortening (P-value = 0.003 and 0.01, 
respectively) compared with one week post-
operative (pre-treatment) from 65.91 ± 1.11% , 
40.7 ± 0.64%  to44.1 ± 0.76% , 31.19 ± 0.79%  
with mean differences 21.81 , 9.51 and with 33.09 
, 23.36 % change, respectively (Table 3). 
Table 4 shows that, after one month treatment 
with pulsed electromagnetic field there was a 

significant statistical difference between the two 
groups in the measuredvariables. 
 There were no significant differences in ejection 
fraction (t = -1.74; P=0.12) and fractional 
shortening (t = -1.61; P=0.14) one week post 
operative (pretreatment) between study and 
control group regarding to mean ±SD (64.44 ± 
1.24%, 65.91 ± 1.11% and 38.78 ± 1.95%, 40.7 ± 
0.64% , respectively) and mean difference (-1.47 
and -1.92, respectively) as shown in (Table 4). 
 There was a significant increase in ejection 
fraction (t =8.14; P=0.0001) and fractional 
shortening (t =3.71; P=0.006) of study group 
compared with that of control group at 7 days post 
treatment regarding mean ±SD (69.41 ± 3.19%, 
53.46 ± 1.29% and 40.87 ± 2.88%, 34.43 ± 
0.53%, respectively) and mean difference (15.95 
and 6.44, respectively; Table 4). 
 There was a significant increase in ejection 
fraction (t = 12.64; P=0.0001) and fractional 
shortening (t = 8.69; P=0.0001) of study group 
compared with that of control group at one month 
post treatment regarding mean ±SD (72.96 ± 
3.79%, 44.1 ± 0.76% and 43.86 ± 2.19%, 31.19 ± 
0.79% , respectively) and mean difference (28.86 
and 12.26, respectively; Table 4). 
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Table  4. Comparison between post treatments mean values (± SD ) of ejection fraction (EF) and 
fractional shortening (FS) of study and control groups: 

Variables 
Mean±SD 

MD t- value p-value Sig. 

Study group Control group 

EF (%) 

One week Post –operative 
(pretreatment) 

64.44 ± 1.24 65.91 ± 1.11 -1.47 -1.74 0.12 NS 

7 days post-treatment 69.41 ± 3.19 53.46 ± 1.29 15.95 8.14 0.0001 S 

one month post treatment 72.96 ± 3.79 44.1 ± 0.76 28.86 12.64 0.0001 S 

FS (%) 

one week Post -operative 
(pretreatment) 

38.78 ± 1.95 40.7 ± 0.64 -1.92 -1.61 0.14 NS 

7 days post- treatment 40.87 ± 2.88 34.43 ± 0.53 6.44 3.71 0.006 S 

one month post- treatment 43.86 ± 2.19 31.19 ±0.79 12.26 8.69 0.0001 S 

 
 
 
DISCUSSION 
The present study investigated the effect of 
pulsed electromagnetic field on ejection 
fractionafter induced myocardial infarction. Dog 
sundergoing myocardial infarction induction 
operation encounterdeclines in ejection fraction 
and fractional shortening in echocardiographic 
assessment. These declines may be 
associatedwith decreased cardiac contractility 
function as left ventricular ejection fraction (LVEF) 
is the most commonly used marker of left 
ventricular (LV) systolic function (katsi et al., 
2017). 
The current study found that dogs who were 
subjected to ligation of left anterior descending 
coronary artery (LAD) faced a decrease of blood 
supply to anterior myocardial tissue and 
occurrence of anterior wall myocardial infarction 
that affect the contractility function of the heart. By 
echocardiographic examination of both treated 
and controlled groups one week post-operative 
(pre-treatment), the ejection fraction (EF) and the 
fractional shortening (FS) gradually decreased. 
During the examination of treated group, the one 
month post-treatment values revealed that the EF 
and FS significantly and gradually increased until 
retaining their normal values. On the other hand, 
EF and FS of the control group were significantly 
continued to decrease till the end of the 
experiment. Results may be attributed to 
improved systolic function in treated group 
manifested by improved ventricular contractility at 
echocardiographic assessment.  
Treatment with pulsed electromagnetic energy 
field includes delivery of electromagnetic energy  
 
 

 
 
 

short pulses to heart muscle cells which 
stimulates three important proteins inside the cell 
that revitalize the mitochondria. They are  heat 
shock protein 70 (HSP 70), nitric oxide (NO) 
synthase, and vascular endothelial growth factor 
(VEGF) 165 gene protein (which recruit 
endothelial progenitor cells (EPCs) that help 
angiogenesis) which stimulate vasodilatation, 
neovascularization and improve collateral blood 
flow leading to limit extension of infarction. So, 
protect heart from ischemic injury (Hegde and 
Krishnaswami 2011). 
Few studies have assessed the effect of pulsed 
electromagnetic field on myocardial infarction and 
ischemia. Hao et al., (2014) examined whether 
PEMF (30 ± 3 Hz, 5 mT PMF) therapy facilitates 
cardiac recovery in rat myocardial infarction (MI), 
and the cellular/molecular mechanisms underlying 
PEMF-related therapy. After treatment, their major 
findings were: (1) PEMF prevents cardiomyocytes 
against hypoxia-induced apoptosis and preserves 
cardiac systolic function in a rat MI model; (2) 
PEMF induces angiogenesis and vasculogenesis 
through activating VEGF-eNOS system and 
promoting EPCs mobilized to the ischemic 
myocardium. They have proposed that PEMF 
treatment preserved the cardiac systolic function 
after MI and prevented cardiac apoptosis.  
In rats, Yuan et al., (2010) examined the effect of 
pulsed magnetic field (10 Hz 4 mT PMF and 15 
Hz 6 mT PMF) on ischemic myocardium. After 28 
days of treatment, their major findings that rats 
treated with 15 Hz 6 mT PMF exhibited increased 
capillary density, decreased size of infarction area 
and increased plasma vascular endothelial growth 
factor. They have proposed what promotes 
myocardial angiogenesis and improves cardiac 

 : Mean SD:  SD:Standard Deviation MD: Mean difference 
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function after MI in rats. 
Pulsed electromagnetic fields (PEMF) have been 
shown to promote proliferation and regeneration 
in the damaged tissue. Li et al.,(2015) 
demonstrated that PEMF (30 ± 3 Hz, 5 mT PMF 
for 14 days) therapy accelerate wound healing, 
increase postnatal neovascularization, enhance 
the levels of vascular endothelial growth factor 
(VEGF) and endothelial nitric oxide synthase 
(eNOS) in ischemic muscles and inhibit hypoxia-
induced apoptosis process. Additionally, PEMF 
exposure increased VEGF secretion, as well as 
the eNOS which promotes angiogenesis.  
Li et al., (2013) demonstrated that HSPA12B 
improves cardiac dysfunction and remodeling 
after myocardial infarction.These improvements 
were accompanied by a significant decrease in 
cardiomyocyte apoptosis and an increase in 
capillary and arteriolar densities.This action of 
HSPA12B helps in the prevention of 
cardiomyocyte apoptosis and also in the 
promotion of myocardial angiogenesis. 
All the previous mechanisms explain how pulsed 
electromagnetic field improves ischemic 
myocardium which comes in accordance with the 
results of the current study. 
 
CONCLUSION 

From the results of the current study, it was 
concluded that pulsed electromagnetic field (30 ± 
3 Hz, 50-60 guss PMF) sufficiently reestablishes 
blood supply to the ischemic and hypoxic 
cardiomyocytes via enhancing angiogenesis. 
Also, pulsed electromagnetic field treatment 
increases cardiac systolic function through 
inhibiting cardiac apoptosis and stimulating 
neovascularization. 
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