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ABSTRACT
Background: The rat infarct model was used extensively to study the pathophysiology of myocardial 

infarction and to evaluate different therapies. Transthoracic echocardiography is used in rats in order to 
assess cardiac anatomy and function, being a safe and reliable non-invasive technique. However, studies 
combining conventional with new echo techniques, such as tissue Doppler imaging (TDI) and speckle-
tracking echocardiography (STE), are lacking.
Objectives: To validate a protocol using the available conventional and new echocardiographic tech-

niques (TDI and STE) for a comprehensive assessment of cardiac remodelling and function, after myo-
cardial infarction in rats. 
Methods: Ten Wistar (W) and five Sprague Dawley (SD) male rats (aged 21±2 weeks, mean weight 

355±43 g) were evaluated by echocardiography, before and 24 hours post-ligation of the left coronary 
artery, with previous anaesthesia. Left ventricular (LV) structure was assessed by end-diastolic and end-
systolic anterior wall thickness and LV diameters (from the SAX view), while LV function by fractional 
shortening (FS) and ejection fraction (EF) (by area-length formula), septal mitral annular plane systolic 
excursion (MAPSE), cardiac output (CO), myocardial performance index (MPI), septal mitral annular 
systolic velocity (S’, by TDI), and global circumferential and radial systolic strain (GCS, GRS) and 
strain rate (GCSr, GRSr) by STE, from the SAX view at the level of papillary muscles. 
Results: Feasibility of measuring the above mentioned parameters was 100%. Twenty-four hours 

after myocardial infarction, rats had lower heart rate (373±44 vs. 351±32 bpm, p<0.05) and thinner 
LV anterior wall, while LV diameters and volumes were significantly higher. FS (54±7 vs. 33±9%), 
EF (72±9vs. 47±10%), septal MAPSE (2.02±0.17 vs. 1.44±0.22 mm), CO (76±15 vs. 48±12 ml/min), 
MPI (0.33±0.11 vs. 0.50±0.14), S’ (5.58±1.20 vs. 3.84±1.06 cm/s), and LV strain and strain rate 
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INTRODUCTION

Since the first report in 1946 by Heim-
burger, the rat infarct model has been 
used extensively to study the patho-
physiology of myocardial infarction 
(MI) and to evaluate different thera-

pies, such as the effect of regenerative therapy 
on the ischemic myocardium (1,2). The anato-
my of rat coronaries and the area perfused by 
each artery were described many years ago 
(3,4). Meanwhile, transthoracic echocardiogra-
phy was widely used as an evaluation tool in 
cardiovascular research, being demonstrated 
as feasible in small laboratory animals (5). It is a 
non-invasive, accurate, and highly reprodu-
cible tool for the serial assessment of the left 
ventricular (LV) geometry and function, and it 
can potentially replace highly invasive or termi-
nal procedures, such as the hemodynamic 
studies (6). Moreover, the novel echo tech-
niques, tissue Doppler imaging (TDI) and 
speckle tracking echocardiography (STE) have 
also good feasibility and reproducibility, al-
ready demonstrated for mice and rats (7-9). 
TDI quantifies regional myocardial velocities, 
while STE assesses myocardial deformation 
(10). STE might be superior to TDI, since it 
evaluates the intrinsic properties of the myo-
cardium; furthermore, it is angle independent 
and not affected by the motion of the adjacent 
segments. To the best of our knowledge, there 
is no echocardiographic protocol, combining 
conventional, TDI, and STE techniques, in or-
der to evaluate the impact of the myocardial 
infarction in rats. 

OBJECTIVES

The aim of our study was to validate a proto-
col using the available conventional and 

new echocardiographic techniques (TDI and 

STE) for a comprehensive assessment of cardiac 
remodelling and function, after myocardial in-
farction in Wistar (W) and Sprague Dawley 
(SD) rats. 

MATERIAL AND METHODS

Animals

The study conformed to the Guide for the 
Care and Use of Laboratory Animals published 
by the NIH (NIH Publication no. 85–23, re-
vised 1996), and was approved by the Institu-
tional Ethical Committee of “Victor Babes” Na-
tional Institute of Pathology from Bucharest. 
Animals were housed in individual cages, un-
der controlled environment with a temperature 
of 22ºC and a 12-hours light/dark cycle. They 
were fed standard chow and water ad libitum, 
and proper analgesia after the surgical proce-
dure was provided. The echocardiographic 
data for this protocol was gathered from ani-
mals belonging to a larger study, investigating 
the new therapies in experimental myocardial 
infarction. We showed previously that there 
are only minor differences in LV wall thickness 
between normal W and SD male rats, while 
more detailed parameters of LV and RV struc-
ture and function are similar (11). Therefore, 
we studied a mixed population of fifteen male 
rats (10 W and 5 SD) (aged 21±2 weeks, mean 
weight 355±43 g).

Anaesthesia and myocardial infarction 
protocol

Animals were anesthetized before echocar-
diography and surgical procedure with intra-
peritoneal acepromazine maleate (Neurotranq; 
Alfasan, Woerden, Holland) 2 mg/kg and ket-
amine hydrochloride (Ketamine HCL; Kepro, 
Deventer, Holland) 100 mg/kg. After the 
a naesthesia, the animal was intubated and me-

(GCS: -23.52±2.44 vs. -13.33±1.51% and GRS: 50.45±13.11 vs. 17.27±5.2%, GCSr: -8.42±0.85 vs. 
-4.68±0.53; and GRSr: 11.93±2.39 vs. 4.89±1.18 1/s) were significantly lower, all p<0.01. 

Conclusion: Our echocardiographic protocol of experimental myocardial infarction in rats is feasible. 
The impact of myocardial infarction in rats could be more extensively assessed using a comprehensive 
echocardiographic protocol of conventional and specific myocardial parameters, measured by TDI and 
STE, in order to quantify better the LV structure and function. Therefore, we suggest that this protocol 
may be used in order to assess the effect of different regenerative therapies in experimental myocardial 
infarction in rats.

Keywords: Wistar, Sprague Dawley, myocardial infarction,
echocardiography, speckle tracking
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chanically ventilated (CWE SAR-830/P Ard-
more, PA, USA). The rat was placed on a heated 
plate (Harvard Apparatus, Holliston, MA, USA), 
with permanent monitoring of rectal tempera-
ture, in order to maintain it at 37ºC. The ECG 
was monitored throughout the experiment, 
u sing a dedicated veterinary monitor (VET-
420F, Goldway US Inc., NY, USA). A left thora-
cotomy was performed between the third and 
fourth ribs, the pericardium was opened, and 
left coronary artery (LCA) was surrounded with 
a surgical knot of Vicryl 5-0 (SMI, Hünningen, 
Belgium), immediately below the lower margin 
of the left appendage (12). The occlusion of 
LCA was verified by ST elevation on the ECG 
trace and the pallor of the myocardium. The 
chest was closed, the animal was disconnected 
from the ventilator, and the endotracheal cath-
eter was removed after the restoration of spon-
taneous respiration. The surgical wound was 
covered with oxytetracycline (Oxyvet, Veterin, 
Attiki, Greece), a bacteriostatic fluid. 

Echocardiographic protocol

The echocardiography was performed be-
fore, and 24 hours after the induction of the 
myocardial infarction. The anterior chest hair 
was shaved, rats were positioned in left lateral 
decubitus, ECG was monitored throughout the 
experiment, and temperature was kept at 37°C 
on the heated plate. The examination was car-
ried out under spontaneous ventilation by a 
single operator with a Vivid i echocardiography 
machine (General Electric, Milwaukee, Wis-
consin), using an 11 MHz phased array probe 
(12S-RS). 

Conventional parameters. Left ventricular 
(LV) structure and function were assessed from 
the parasternal, long (LAX) and short (SAX) axis 

views (at the level of the papillary muscles), and 
from the 4- and 5- chambers apical views. Mi-
tral inflow and aortic outflow were recorded by 
Doppler. Measurements were obtained from 
three consecutive cardiac cycles by off-line 
analysis (EchoPAC BT12, General Electric). 
Chamber diameters, wall-thickness, and frac-
tional shortening (FS) were measured by M-
mode, in the SAX view, according to the “lea-
ding edge to leading edge” convention. Ejection 
fraction (EF) was calculated by area-length for-
mula from the apical 4-chambers view. Cardiac 
output (CO) was calculated based on pulsed-
wave Doppler velocity recordings at the aortic 
annulus from the 5-chambers apical view, and 
on aortic annulus diameter measured from the 
LAX view (13). Septal mitral annular plane sys-
tolic excursion (MAPSE) was measured by M-
mode. Myocardial performance index (MPI) 
was derived from mitral and aortic flow tracings 
(14).

TDI and STE parameters. LV systolic myo-
cardial velocity (S’) was obtained from on-line 
TDI recordings at the level of the septal mitral 
annulus. STE was performed in the SAX view at 
the level of the papillary muscles by manual 
tracing of endocardial borders at the onset of 
systole. The adequacy of tracking was con-
firmed and manually corrected when neces-
sary. Images were acquired at a frame rate of 
116 frames/sec, with optimal sector depth and 
width. Global circumferential and radial sys-
tolic strain (GCS, GRS) and strain rate (GCSr, 
GRSr) were calculated. All measurements were 
performed by the same single observer.

Statistical analysis. Statistical analysis was 
performed with SPSS version 19 (SPSS, Inc., 
Chicago, IL). Results are presented as mean ± 
standard deviation. Comparisons were per-

TABLE 1. Comparison of heart rate and conventional echocardiographic parameters, before and after 
MI.

Parameter Before After p-value

Heart rate (bpm) 373 ± 44 351 ± 32 0.03
LV end-systolic diameter (mm) 2.67 ± 0.52 4.87 ± 0.62 < 0.01
LV end-diastolic diameter (mm) 5.85 ± 0.54 7.37 ± 1.20 < 0.01
LV anterior wall in systole (mm) 2.99 ± 0.36 2.16± 0.65 < 0.01
LV anterior wall in diastole (mm) 1.72 ± 0.19 1.46 ± 0.32 < 0.01
LV end-systolic volume (cm3) 0.06 ± 0.02 0.16 ± 0.05 < 0.01
LV end-diastolic volume (cm3) 0.20 ± 0.04 0.31 ± 0.06 < 0.01
Fractional shortening (%) 54± 7 33 ± 9 < 0.01
Ejection fraction (%) 72 ± 9 47 ± 10 < 0.01
Septal MAPSE (mm) 2.02 ± 0.17 1.44 ± 0.22 < 0.01
Cardiac output (ml/min) 76 ± 15 48 ± 12 < 0.01
Myocardial performance index 0.33 ±0.11 0.50 ±0. 14 < 0.01
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formed by paired Student’s t-test. Two-tailed 
p<0.05 was considered significant. For intra-
observer variability, the same observer repea-
ted the measurements one week later. Bland 
Altman analysis was performed (15). 

RESULTS

The comparison of heart rate and conven-
tional echocardiographic parameters, be-

fore and 24 hours after MI, are presented in 
Table 1. Heart rate was significantly lower 24 
hours after ligation of the LCA. LV anterior wall 
was thinner, and LV end-systolic and end-dia-
stolic diameters and volumes were larger. Sys-
tolic function, evaluated by conventional echo-
cardiography (FS, EF, MAPSE, CO and MPI), 
was significantly decreased.

By TDI, LV systolic function was significantly 
lower (p<0.01) (Figure 1). Meanwhile, by STE, 
global circumferential and radial systolic strain 
and strain rate decreased significantly (p<0.01) 
(Figure 2, 3).

Feasibility of measuring conventional, TDI, 
and STE parameters was 100%, while the intra-

observer variability was very good (less than 5% 
for all parameters) (Table 2). 

DISCUSSION 

The pathological LV remodelling, with dilata-
tion and impaired contractility, occurs in 

the first hours after myocardial infarction and 
leads to approximately two-thirds of cases of 
systolic heart failure, which still has a very poor 
prognosis, despite the new therapeutic me-
thods (16).

The rat myocardial infarction model is used 
particularly for investigating cell therapies. M-
mode, 2D, TDI, and STE were used separately 
in previous studies of rat models, but a stan-
dardised protocol of the assessment of myocar-
dial infarction with all these combined echo 
methods has not been validated yet (7,8,10,17-
19). Thus, we included in our model conven-
tional and new echocardiographic parameters, 
in order to validate a comprehensive protocol 
for the assessment of cardiac function and re-
modelling, in the acute phase of myocardial 
infarction. Conventional M-mode and 2D 
echocardiography were used to assess the LV 
structure and function; meanwhile, MPI and 
CO were also measured, since they showed 
previously to correlate well with the results 
from the hemodynamic studies (13). TDI and 
STE were used to assess longitudinal function 
(by MAPSE and S’), circumferential, and radial 
function (by STE derived myocardial deforma-
tion parameters). We demonstrated that assess-
ment of these parameters is feasible, and that 
all these parameters were altered significantly 
24 hours after the ligation of the LCA. Our re-
sults are concordant with previous reports 
(7,19-23). Thus, similar results of LV remodel-
ling after myocardial infarction in rats, such as 
chamber enlargement and thinning of the in-
farcted wall, as well as decreased LV systolic 
function, were reported in previous morpho-
logical or echocardiographic studies (6,20,21). 
Meanwhile, decrease of cardiac output and 
myocardial performance index, parameters of 
global LV function, were also concordant with 
other previously published data (23).

Longitudinal myocardial function was as-
sessed by M-mode and TDI, measuring the 
septal mitral annular plane systolic excursion 
and LV systolic myocardial velocity. This is new, 
since there are no previous data reported on 
these parameters after myocardial infarction in 

TABLE 2. Intra-observer variability.
* Bland Altman correlations, 5 rats.

Parameter Intra-observer variability (%)*

LV end-systolic diameter 4.45
LV end-diastolic diameter 3.96
LV anterior wall in systole 2.83
LV anterior wall in diastole 4.96
Fractional shortening 2.08
Ejection fraction 1.38
S’ 2.14
Global circumferential strain 4.00
Global radial strain 4.88
Global circumferential strain rate 2.58
Global radial strain rate 4.34

FIGURE 1. LV systolic function assessed by TDI before and 24 hours 
after MI.
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rats. Longitudinal myocardial function by STE 
was not assessed in our study, due to improper 
apical views in the experimental models in rats, 
needed for the accurate tracing of the endocar-
dium. However, we did assess more specific 
functional parameters by STE, such as LV cir-
cumferential and radial strain and strain rate, 
which showed a significant decrease, similar 
with other reports (7,19,22).

TDI and STE are able to detect more subtle 
changes of myocardial function after MI than 
conventional parameters and, therefore, they 
might be useful in the evaluation of the effect 
of new cell therapies in reverse remodelling of 
myocardial dysfunction.

Limitations. The main limitations of this 
protocol are related to the difficulties of the ul-
trasound examination in small animals, either 
due to the high heart rate or to difficulties in 
obtaining accurate echocardiographic images 
because of the small size of the heart. Thus, 2- 
and 3- chambers apical views are technically 
impossible in rats, taking into consideration 
that the heart weights approximately 1 g. Simi-
larly, for the majority of rats it was difficult to 
obtain an accurate image of the 4-chambers 
apical view, with an adequate visualization of 
the endocardium, necessary to quantify the 
longitudinal myocardial deformation. Mean-
while, A and E waves of the trans-mitral flow 
were merged, when heart rate was higher than 
350 bpm. 

CONCLUSION

The impact of myocardial infarction in rats 
could be assessed extensively using a com-

prehensive echocardiographic protocol of con-
ventional and newer echocardiographic tech-
niques, such as TDI and STE, in order to 
quantify the LV remodelling, global, and re-
gional function (longitudinal, circumferential, 
and radial). We suggest this protocol might be 

used to assess the effect of different regenera-
tive therapies in experimental myocardial in-
farction in rats. 
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FIGURE 2. LV global circumferential and radial systolic strain before 
and 24 hours after MI.

FIGURE 3. LV global circumferential and radial systolic strain rate 
before and 24 hours after MI.
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