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OBJECTIVE 
The purpose of this study was to identify echocar-

diographic parameters that allow distinguishing different 
levels of cardiac dysfunction in aortic banded rats.

METHODS 
Wistar male rats (90-100 g) were subjected to 

aortic banding (n=23) or a sham operation (n=12). 
The following echocardiographic parameters were 
evaluated and used to group rats into groups with similar 
characteristics using cluster analysis: absolute values and 
after normalization to body weight of left ventricular end-
diastolic diameter (LVDD) and left atrial systolic diameter; 
left ventricular end-systolic diameter (LVSD); LV weight 
to body weight ratio (LVW/BW); three indexes of left 
ventricular shortening (endocardial fractional shortening, 
EFS; midwall FS, MFS; and posterior wall shortening 
velocity, (PWSV).

RESULTS 
The cluster analysis could group aortic banded rats 

into two groups: mild (n=13) and severe (n=9) stage 
of heart failure. There was no overlapping among the 
values of the 95% confi dence interval of the following 
parameters between the two groups: LVDD, LVSD, EFS, 
MFS, LVW/BW, and PWSV. 

CONCLUSION

It is feasible to distinguish two groups of aortic banded 
rats according to the level of cardiac dysfunction using 
those echocardiographic parameters. This allows to 
perform longitudinal studies in homogeneous groups of 
rats with aortic banding and cardiac dysfunction.
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In experimental models of heart injury, the diffi culty in 
establishing an in vivo classifi cation severity of ventricular 
dysfunction has restricted longitudinal studies aimed at 
verifying the effect of therapeutic interventions. Obtaining 
homogeneous groups of animals as regards the degree 
of heart dysfunction is of fundamental importance, since 
the benefi cial or harmful effects of a treatment can 
be observed according to the prior impairment of the 
ventricular function.

The diagnosis of heart dysfunction in animals has 
traditionally been based on the measurement of left 
ventricle (LV) diastolic pressure, which requires ventricular 
catheterization with the risk of lesions to heart valves 
and the consequent alteration in heart performance1. 
Other criteria to diagnose heart failure (HF) are based 
on the presence of clinical and anatomical changes such 
as tachypnea, pleural effusion, ascitis, thrombus in the 
left atrium and right ventricle hypertrophy; most of these 
changes are identifi ed after the animal is sacrifi ced2-5. 

The echocardiogram is an important ancillary exam for 
the clinical diagnosis of HF. It allows the evaluation of: 1) 
heart morphology and function; 2) progression of heart 
dysfunction caused by different types of injuries6-8; 3) 
effects of pharmacological interventions on the heart 4.

In small animals, the transthoracic echocardiogram 
is one of the most frequently used methods to assess 
the size of heart structures, and the contractile 
performance of the LV4-10. The identification of 
ventricular dysfunction is generally carried out by 
comparing the muscular shortening indexes with those 
obtained in the control group. 

Sjaastad et al1 have recently identifi ed the most 
important variables for the echocardiographic diagnosis 
of HF in infarcted rats using the cluster analysis statistical 
method. This method was also used to determine the 
progression of heart function during the remodeling 
induced by the ligation of the coronary artery2. 
However, there are no reports in the literature about 
echocardiographic studies on experimental models of 
aortic stenosis (AS) focusing on degrees of ventricular 
dysfunction. The AS rat model is widely used because it 
induces gradual ventricular hypertrophy which progresses 
towards ventricular dysfunction. In this model, a clip is 
placed in the ascending aorta and stenosis develops in 
a proportionate fashion according to the growth of the 
animal’s body.

We hypothesized that cluster analysis will also allow 
us to identify criteria which can distinguish the different 
degrees of heart dysfunction as of the occurrence of 
tachypnea, in a model of pressure overload induced by the 
clamping of the root of the aorta that usually progresses 
towards LV hypertrophy and progressive HF11,12. 

The objective of this study was therefore to identify 
the echocardiographic variables that defi ne the degrees 
of ventricular dysfunction from the compensated 
hypertrophy phase through the uncompensated phase 

in rats with AS. The identifi cation of these variables 
will allow us to establish the stages of heart remodeling 
induced by pressure overload and to assess the effects 
of pharmacological interventions on the heart at different 
times of the progression of heart dysfunction.

METHODS

Animals and experimental protocol - The procedures 
of the experiment were approved by the Ethics Committee 
for Research on Animals of the Medical School of Botucatu 
(Faculdade de Medicina de Botucatu, Unesp).

In this study, we used Wistar male rats, with body 
weight between 90 and 100 g, grown in the Central 
Bioterium – Unesp, Botucatu, Brazil. The animals were 
kept in individual cages at 23ºC room temperature, with 
12-hour light/dark cycles. The animals were feed during 
all the experiment with Labina® chow and water ad 
libitum. The study included 35 animals. 12 were in the 
control group and 23 had AS.

Induction of heart failure through aortic stenosis 
- Aortic stenosis was induced according to the method 
previously described in our laboratory5,13,14. In summary, 
the animals were submitted to median thoracotomy and 
trichotomy after anesthesia with ketamine hydrochloride 
(50 mg/kg intraperitoneally) and xylazine hydrochloride 
(10 mg/kg intraperitoneally). Then the ascending aorta 
was dissected and a silver clip, with an internal diameter 
of 0.6 mm was placed at approximately 3 mm of the 
aorta’s root. During the surgery, the rats were manually 
ventilated using positive pressure and given 1 ml of warm 
saline solution intraperitoneally. The control animals 
underwent the same surgery, but with no clip placed in 
the aorta. 

Nineteen weeks after the induction of AS, the animals 
were observed daily to allow the detection of tachypnea, 
which is a sign of heart dysfunction.

Echocardiographic Study - The echocardiogram was 
performed after the detection of tachypnea, which is 
generally observed after 28 weeks of the AS. 

The rats were anesthetized with ketamine hydrochloride 
(50 mg/kg) and xylazine hydrochloride (1 mg/kg), 
administered intraperitoneally. Following the trichotomy 
of the anterior part of the thorax, the animals were 
placed in the left lateral decubitus, and the exam was 
performed using a Hewlett-Packard Co. Sonos 2000 
device, equipped with a 7.5 MHz electronic transducer. 
In order to measure the heart structures, we obtained 
monodimensional images (M-mode), guided by the 
bidimensional mode images, with the transducer in the 
parasternal short-axis position. 

The LV assessment was performed with the M-mode 
cursor positioned just below the mitral valve plane at the 
level of the papillary muscles15-17. The image of the left 
atrium was obtained by positioning the M-mode cursor at 
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the level of the aortic valve plane. The images obtained in 
M-mode were recorded on a Sony Co. UP-890 printer.

Later heart structures were measured manually using 
a caliper. The following heart structures were measured: 
LV diastolic and systolic diameters (LVDD and LVSD 
respectively), LA diameter (LA) and the diastolic thickness 
of the interventricular septum (IST) and of the LV posterior 
wall (PWT). 

LVDD and LA values were normalized for body weight 
(BW). LV systolic function was assessed based on the 
endocardial fractional shortening, EFS [(LVDD – LVSD) / 
LVDD X 100]; midwall fractional shortening, MFS, which 
is the variation between the diastolic and systolic values 
of the formula [(LV + ½ interventricular septum thickness 
+ ½ posterior wall thickness) x 100]; and LV posterior 
wall shortening velocity, PWSV (maximum tangent of 
posterior wall systolic movement). 

Left ventricle mass (LVM) was calculated using the 
following formula 7,15: [(LVDD + IST + PWT)3 – LVDD3] x 
1.04 where the value 1.04 indicates the specifi c density 
of the myocardium. The LVM index (LVMI) was calculated 
by normalizing LVM for body weight. 

Cluster analysis at stages of heart dysfunction 
- Considering the echocardiographic variables of 23 

animals with As separately, we used the cluster analysis 
technique to establish similarity groups as to the severity 
of the disease. We used echocardiographic variables 
whose values increase progressively with the progression 
of the disease (LVDD, LA and LVMI), in addition to 
parameters indicative of the systolic function (EFS, MFS 
and PWSV) and LVSD, which is also related with the LV 
systolic function. The procedure employed to analyze 
the conglomerates considered the SAHN strategy for 
the formation of groups (SAHN involves sequential, 
agglomerative, hierarchical and non-overlapping clusters); 
the method of clustering was the closest neighbor 
technique (SLM: single linkage method), and the similarity 
coeffi cient was the median Euclidean distance18. The 
fi nal representation of the cluster is described by the 
dendogram (fi g.1).

RESULTS

The cluster analysis allowed us to place rats with 
AS into similar groups, according to the severity of the 
ventricular dysfunction. These groups were called mild 
dysfunction (n = 13) e severe dysfunction (n = 9) groups. 
In the statistical analysis, it was impossible to include one 
animal with AS into the groups mentioned above (fi g.1). 
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Fig. 1 – Dendogram of cluster analysis according to the echocardiographic variables of rats with aortic stenosis and ventricular dysfunction.
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This animal had the lowest values for LV systolic function 
indexes and the highest values for LV and LA diameters 
among animals with AS. These values were outside the 
limits of the confi dence intervals of the severe dysfunction 
group. Therefore, in our group of rats with AS, one animal 
presented more severe ventricular dysfunction than the 
group called severe dysfunction.

Table 1 shows the mean values ± standard deviation 
and the respective limits of the 95% confidence 
intervals for the echocardiographic variables analyzed 
considering the control and AS groups. The limits of the 
95% confi dence intervals are illustrated in fi gures 2 and 
3. The echocardiographic variables which indicate LV 
and left atrium size and LV mass, normalized for body 
weight, presented higher values in the severe-AS group as 
compared with the mild-AS group. The variables indicative 
of left ventricle shortening (EFS, MFS and %Myoc.Short.) 
presented lower values in the severe-AS as compared 
with the mild-AS group. The confi dence intervals of the 
variables LVDD, LVSD, % Endo.Short., % Myoc.Short., 
LVMI and PWSV did not present overlapping between 
the two groups. 

The following variables obtained for rats without AS 
(control) showed overlapping with the mild-AS group: 
LVDD, LVDD/BW and PWSV. There was overlapping 
between the control groups and the severe-AS group 
for the variables LVSD, % Endo.Short. and % Myoc.
Short. The control group presented no overlapping of 
confi dence intervals with other groups for the values of 
LA/BW and LVMI.

DISCUSSION

The emergence and development of the echocardiogram 
was a great advancement for in vivo assessment of the 
heart. In small animals used in experimental laboratories, 
this method enabled the follow-up of the effect of injuries 
and/or treatment on the heart, in an unlimited fashion as 

Table 1 – Values of mean ± standard deviations and 95% confi dence intervals of the 

echocardiographic variables studied

Control (n=12) Mild dysfunction (n=13) Severe dysfunction (n=9)

Variable Mean ± SD Confi dence limit Mean ± SD Confi dence limit Mean ± SD Confi dence limit

LVDD 8.22±0.56 7.86-8.57 8.38±0.41 8.07-8.70 9.17±0.68 8.76-9.58

LVSD 3.96±0.57 3.60-4.32 2.60±0.67 2.08-3.11 4.56±0.76 4.09-5.02

LA 5.95±0.71 5.50-6.40 7.63±0.98 6.88-8.38 8.81±1.13 8.12-9.49

LVDD/BW 14.90±0.85 14.37-15.44 16.17±1.97 14.65-17.69 18.80±1.98 17.60-20.00

LA/BW 10.82±1.51 9.86-11.78 14.80±3.02 12.49-17.13 18.07±2.66 16.46-19.68

EMS 51.97±4.48 49.12-54.82 69.24±6.70 64.09-74.39 50.54±5.40 47.28-53.81

MFS 30.98±2.88 29.15-32.81 39.70±3.49 36.99-42.35 27.65±3.20 25.71-29.60

LVM index 1.89±0.28 1.71-2.07 2.77±0.54 2.35-3.18 3.69±0.74 3.25-4.14

PWSV 45.63±6.67 41.36-49.86 45.26±4.42 41.86-48.65 32.85±4.11 30.37-35.34

LVDD: left ventricle diastolic diameter in mm; LVSD: LV systolic diameter in mm; LA: left atrium diameter in mm; BW: body weight in kg; % Endo.
Short.: percentage of endocardial shortening of LV; % Myoc.Short.: percentage of shortening of the central region of LV walls; LVM index: mass of 
LV/BW (g/kg); PWSV: LV posterior wall shortening velocity (mm/s)

regards the number of times the exam is repeated. In rats 
with AS, the clinical signs that identify HF severity in vivo 
are limited. Additionally, the time elapsed until the fi rst 
signs of HF appear is variable. In our laboratory, usually 
from 29 to 37 weeks elapse between the induction of AS 
and the appearance of tachypnea. 

In the present study, the echocardiogram showed that 
the rats had different degrees of heart impairment when 
tachypnea was observed. Traditionally, in experimental 
studies, drugs are introduced at a predetermined time 
after the induction of AS11,19. Therefore, it may be that 
the animals were at different stages of heart impairment 
when the treatment was started. This heterogeneity is an 
important factor that may lead to discrepant results. In 
view of this, it is fundamental to seek echocardiographic 
criteria to classify the animals as regards the severity of 
ventricular dysfunction, thus allowing the use of animals 
with the most homogeneous degree of heart functional 
and structural impairment.

The cluster analysis technique is frequently used 
to group the object of study according to the similarity 
of its characteristics1,20,21. Sjaastad et al1 established 
echocardiographic criteria for the detection of HF in rats, 
following myocardial infarction using the cluster analysis 
technique. In our study, using this statistical analysis, 
we aimed at classifying the heart impairment of animals 
with AS and tachypnea. With the number of rats used 
in this study, the cluster analysis allowed us to separate 
the rats with AS into two groups of animals which shared 
similar echocardiographic characteristics (mild-AS and 
severe-AS). 

The variables LVDD, LVSD, % Endo.Short., % Myoc.
Short., LVMI and PWSV did not present confi dence interval 
values overlapping for the two groups. The variables 
LVDD/BW, LA and LA/BW presented overlapping between 
the mild-AS and severe-AS groups. Because LV and LA 
diameters are subject to the infl uence of body weight 
(BW) variation, their values have to be normalized for 
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BW. However, this procedure can also cause errors in the 
interpretation of the results since the LV and LA diameters 
are not exactly proportional to BW. Therefore, the joint use 
of variables which did not present overlapping, with the 
exception of LVDD and LVSD, will allow an utmost safe 
distribution of rats with aortic stenosis into two different 
degrees of ventricular dysfunction. The absolute values of 
LVDD and LVSD are to be used with caution because these 
parameters usually require normalization in accordance 
to the animals’ body weight.

As described in the results section, some variables 
presented overlapping between the control and AS 
groups. This overlapping is understandable, if we consider 
the ventricular remodeling that takes place after the 
placement of the clip in the aorta12. In this model of 
pressure overload, as the animal grows, progressive 
stenosis develops in the LV anterograde fl ow with the 
consequent development of myocardial hypertrophy. This 

increase in myocardial thickness occurs concurrently with 
a progressive increase in ventricular shortening index 
values while LVDD values (concentric hypertrophy) remain 
stable and LVSD decreases. 

Even before reaching the peak of systolic shortening 
values, the animal begins to present tachypnea due to LV 
diastolic dysfunction resulting from impaired relaxation 
and ventricular compliance. When the mechanism of 
hypertrophy becomes unable to compensate the overload, 
the enlargement of the ventricle begins, and the indexes 
of ventricular shortening start to decrease as systolic 
dysfunction develops with a full blown manifestation of 
heart failure, although it is diffi cult to characterize AS 
severity based on tachypnea, which is the sign commonly 
observed at this stage of AS. Therefore, even with 
manifest systolic dysfunction, the values of the ventricular 
shortening indexes will be elevated as compared with 
the control animals. With the progression of systolic 

Fig. 2 – Confi dence interval of echocardiographic variables of rats with aortic stenosis and ventricular dysfunction, grouped according to the cluster 
analysis technique. LVDD: left ventricle diastolic diameter; LVSD: LV systolic diameter; LA: left atrium diameter; LVDD/BW: LVDD normalized for body 
weight; LA/BW: LA normalized for body weight

LVDD 

LVSD 

LA 

LA/BW 

LVDD/BW 

0 10 7.9 8.6 

8.1 8.7 

8.8 9.6 

0 6 3.6 4.3 

2.1 3.1 

4.1 5.0 

0 10 5.5 64 

6,9 8.4 

8.1 9.5 

9 25 9,9 11,8 

12.5 17.1 

16,5 19,7 

14 30 14.4 15.4 

14,7 17,7 

17,6 20,0 

Control Mild Severe 

 

 

 

ECHOCARDIOGRAPHIC CRITERIA FOR DETECTION OF VENTRICULAR DYSFUNCTION SEVERITY IN AORTIC BANDED RATS



Arquivos Brasileiros de Cardiologia - Volume 86, Nº 6, June 2006

EFS 
64.1 74,4 

47,3 53,8 

MFS 
 

20 110 29.1 32.8 

37.0 42.3 

25,7 29,6 

LVM 
ind 

1 10 1,71 2,07 

2,35 3,18 

3.25 4.14 

PWSV 

30 120 41.4 49.9 

41.9 48.6 

30.4 35.3 

Control Mild Severe 

  

 

 

  

  

  

40 
130

49.1 54.8 

Fig. 3 – Confi dence interval of echocardiographic variables of rats with aortic stenosis and ventricular dysfunction, grouped according to the cluster 
analysis technique. EFS:  endocardial fractional shortening; MFS: midwall fractional shortening; LVMI: left ventricle mass index; PWSV: LV posterior 
wall shortening velocity

dysfunction, those indexes will converge to the controls 
and will eventually become lower. Because of the reasons 
stated above, the values of muscle shortening indexes did 
not present overlapping between the control and mild-AS 
groups and presented overlapping between the control 
and severe-AS groups. 

In an attempt to minimize the effect of myocardial 
hypertrophy on the increase of the percentage of shortening 
between the endocardium of the interventricular septum 
and the LV posterior wall (% Endo.Short.), we also 
calculated the percentage of shortening between the 
central points of these walls (% Myoc.Short.)9,22. However, 
the conclusions were not different from the % Endo.
Short. index, probably because of the high degree of 
ventricular hypertrophy. The LV mass index was the only 
variable which did not present overlapping between the 
three groups. In our study, the difference between the 
control and AS groups was also distinguished by using the 
measure of LV wall thickness (data not presented).

In conclusion, the cluster analysis allows the classi-
fi cation of rats with AS in groups with different degrees 
of heart impairment. The quantifi cation of ventricular 
dysfunction and consequently the use of groups of 
animals with homogeneous heart impairment will 
play an important role in experimental studies on 
physiopathology and treatment of ventricular hypertrophy 
and heart failure.
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