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A routine electrocardiogram
should not be used to determine the
size of myocardial infarction in the rat
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Abstract

Nine lead electrocardiograms of non-infarcted (N = 61) and infarcted
(N = 71) female Wistar rats (200-250 g) were analyzed in order to
distinguish left ventricle myocardial infarction (MI) larger than 40%
(LMI) from MI smaller than 40% (SMI). MI larger than 40% clearly
caused a deviation of ÂQRS and ÂT from normal values of 270-360
degrees to 90-270 degrees. Infarcted rats showed Q wave in D1 larger
than 1 mm with 94% sensitivity and 100% specificity. The sum of
QRS positivity in V1, V2 and V6 lower than 10 mm identified MI with
82% sensitivity and 100% specificity. The data showed that MI can be
easily and reliably diagnosed by electrocardiogram in the rat. How-
ever, contradicting what is frequently believed, when specificity and
sensitivity were analyzed focusing on MI size, none of these current
electrocardiographic indices of MI size adequately discriminates LMI
from SMI.
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Introduction

Histopathology is the standard method
for determining post-mortem myocardial in-
farction (MI) size in rats. However, it is
frequently necessary to define MI size in
vivo by a noninvasive method. We have pre-
viously demonstrated that MI size evaluated
by an echodopplercardiogram (ECHO) shows
a good correlation with histopathological
measurements (1). However, this is an ex-
pensive method that requires special exper-
tise for correct execution. Although in hu-
mans the ECG can characterize MI size only
with special devices (2,3), it is frequently
reported that the nine-lead routine ECG can
differentiate left ventricle MI larger than 40%
(LMI) from MI smaller than 40% (SMI) in

the rat (4-9). Our aim was to reevaluate
whether the ECG allows identifying LMI in
the rat.

Material and Methods

Female Wistar rats (200-250 g): 37 con-
trols, 24 sham-operated animals and 71 in-
farcted (MI) animals were cared for in com-
pliance with a protocol approved by the Re-
search Ethics Committee of the Federal Uni-
versity of São Paulo, Brazil.

MI was induced according to a well-
accepted technique (5). Briefly, after ether
anesthesia, a left thoracotomy was performed,
the heart was exteriorized and the left ante-
rior descending coronary artery ligated with
6-0 polypropylene suture. The heart was
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quickly returned to its position and the tho-
rax immediately closed. In sham-operated
animals, the coronary ligation was placed in
the same location but not tied tightly.

Five weeks after surgery, ECG and ECHO
were performed in animals anesthetized (ip)
with a mixture of ketamine (50 mg/kg) and
xylazine (10 mg/kg). ECG was obtained with
a direct recording system. The electrodes
were connected to surgical needles and in-
serted subcutaneously into the four limbs.
Records were obtained at 50 mm/s paper
speed with a sensitivity of 20 mm/mV (2N)
from classical uni- (aVr, aVL, aVF) and
bipolar (D1, D2, D3) limb leads and three (N
= 71) or two (N = 61) precordial leads.
Precordial leads were placed half-way be-
tween the manubrium and the xiphoid pro-
cess: V1 was located to the right of the ster-
num and V2 (not done when two precordial
leads were recorded) to the left of the ster-
num, and V6 was placed on the left mid-
axillary line.

Echocardiography was performed by the
same person (RMS) using an HP SONOS
5500 instrument (Philips Medical System,
Andover, MA, USA) with a 12-MHz trans-
ducer at a depth of 2 cm. Chests were shaved,
electrocardiographic leads were attached to
the limbs and the animals were placed in left
lateral decubitus. Two-dimensional and M-
mode images from the parasternal longitudi-
nal, transverse and apical views were ob-
tained and recorded on a 0.5-inch videotape.
Transverse images were obtained at three
levels: basal (at the tip of the mitral valve
leaflets), middle (at the papillary muscle
level) and apical (distal to the papillary
muscle but beyond the cavity cap). The im-
ages were recorded on videotape and imag-
ing analysis and measurements were per-
formed off-line. MI size was estimated as
subjective identification of akinesis or
dyskinesis. On each echocardiographic trans-
verse plane (basal, middle and apical) the arc
corresponding to the segments with MI (AMI)
and the total perimeter of the endocardial

border (PE) were measured three times at
end diastole, and the MI size (MIS) was
calculated as: MIS (%) = AMI/PE x 100. The
final MIS of each animal was calculated as
the mean MIS estimated on the three planes.

Data were analyzed by plotting receiver
operating characteristic (ROC) curves
(MedCalc Software, version 7.4.0.0., Frank
Schoonjans, Belgium) to determine the speci-
ficity and sensitivity for each variable.

Results

Thirty of the infarcted rats (42%) showed
an SMI ranging from 8 to 39% (mean ± SD:
26 ± 10%) of left ventricle endocardial cir-
cumference and 41 (58%) showed an LMI
ranging from 41 to 57% (47 ± 5%).

The most sensitive and easiest MI size
indicator for the rat is the presence of a Q
wave in D1 (Q1), which was not observed in
non-infarcted rats (100% specificity),
whereas in infarcted animals Q1 showed 94%
sensitivity.

A conspicuous difference could be noted
between infarcted and non-infarcted rats re-
garding ÂQRS (Figure 1A) and ÂT (Figure
1B). There was a similar spatial orientation
for ÂQRS in control and sham rats, mark-
edly between D1 (0 or 360 degrees) and aVF
(270 degrees), whereas in infarcted rats
ÂQRS was predominantly located between
90 and 270 degrees, discriminating MI rats
with 87.3% sensitivity and 96.5% specificity
when ÂQRS was less than 270 degrees (Fig-
ure 2A). The area under the ROC curve
(AUC) for ÂQRS as an indicator of infarcted
or non-infarcted rats was 0.919 (Figure 3A).
Taking into account that a perfect fit for
perfect sensitivity (100%) and specificity
(100%) results in a maximal value of 1.0 for
the AUC, we can conclude that ÂQRS is a
very good indicator of MI in the rat. Simi-
larly, ÂT clearly differentiated infarcted from
non-infarcted rats (Figure 1B). As a rule, ÂT
was located at about 270 degrees in non-
infarcted rats, whereas in MI rats ÂT was
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located between 90 and 270 degrees. The
sensitivity of ÂT lower than 240 degrees
(Figure 2B) in distinguishing non-infarcted
from infarcted rats was 92.5%, specificity
was 88.3% and the AUC was 0.92.

The sum of QRS positivity (Σ) lower than
10 mm in three precordial leads was re-
stricted to MI rats (100% specificity) but,
unfortunately, not all infarcted rats presented
this signal; in fact, Σ identified MI with

Figure 1. ÂQRS and ÂT for the
presence and size of myocar-
dial infarction (MI). Frontal plane
localization of ÂQRS (panel A)
and ÂT (panel B) in control
(squares) and sham-operated
(circles) animals and infarcted
rats with an MI scar occupying
more than 40% of the left ven-
tricular endocardial circumfer-
ence (triangles) and infarcted
rats with an MI scar occupying
less than 40% of left ventricular
endocardial circumference (in-
verted triangles).
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Figure 2. Sensitivity and specificity of ÂQRS, ÂT and precordial R waves. Frontal plane localization of ÂQRS (panels A and D) and ÂT (panels B and E)
and the sum of precordial R waves (panels C and F) arranged according to the presence of myocardial infarction (MI) or absence (C) for rats with an MI
scar occupying more than 40% (>40%) and less than 40% (<40%) of the left ventricular endocardial circumference. Sensitivity (Sens) and specificity
(Spec) values of the cut-off point for each evaluation (horizontal line) are also shown.
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75.6% sensitivity and the AUC was 0.955
(Figure 2C).

In the present study, ECG indicators pre-
viously utilized to discriminate LMI from
SMI (4-9) were not so effective in this intent
as in identifying the presence of MI in the
rat. In fact, Q1 > 1 mm was found in 92% of
our rats with LMI, but 96% of the rats with
SMI also showed Q1 > 1 mm. Additionally,
no correlation was noted between Q1 depth
and MIS. As a result of the poor capacity of
ÂQRS to distinguish LMI from SMI, when
ÂQRS was judged to discriminate between
LMI and SMI, the AUC (Figure 3B) showed
values (0.572) very close to the lowest pre-
dictable one for this method (0.50). Indeed,
it was shown that ÂQRS of less than 230
degrees was the best cut-off point for the
differentiation between LMI and SMI (Fig-
ure 2D). In this situation, moderate sensitiv-
ity (75.8%) was associated with very low
specificity (0.50). ÂT showed good specific-
ity (93.5%) for LMI in view of the fact that
only two of all cases of SMI exhibited ÂT
lower than 195 degrees (Figure 2E). How-
ever, very modest sensitivity (62.2%) im-
pairs a value of ÂT of less than 195 degrees
as a reliable index of LMI. The AUC for ÂT
attained the highest values in discriminating

LMI from SMI among the indexes studied by
us: 0.790. When Σ lower than 10 mm was
tested for discriminating LMI from SMI a
comparable AUC of 0.766 was found, corre-
sponding to 33.3% sensitivity and 92.9%
specificity (Figure 2F). Intriguingly, how-
ever, in our cases, animals showing Σ < 10
mm were those with SMI instead of LMI.
Indeed, only one of our SMI presented Σ
higher than 10 mm and 41% of the animals
with LMI showed Σ ≥ 10 mm. These results
clearly exclude the sum of precordial R waves
as a good index for LMI identification.

Discussion

In comparing our results with those re-
ported by others, we faced a perplexing prob-
lem: inconceivable amplitudes for QRS
waves are frequently reported by others. In
fact, Q1 greater than 1 mV and a sum of QRS
positivity in precordial leads higher than 10
mV have been described (2-9). When using
2N standardization for the ECG record, as
done in the present study, these values will
correspond to 20 and 200 mm in height for
records of Q1 and R waves, respectively.
Reported data are certainly puzzling, since
these heights are incompatible with ECG
records, making the reported data certainly
equivocal. We prefer to report our values as
mm in height. For comparison purposes, one
must take into account the standardization
used. In view of the animal facilities of the
university, we preferred to utilize female rats
in this study. Since there is no report of
gender differences regarding the ECG pat-
tern of MI, this does not seem to be a limita-
tion of our results. In addition, as previously
stated, the echocardiographic evaluation used
here has proved to have an excellent corre-
spondence with histological determinations
of MI size, as assessed by linear correlation
and by the Altman-Bland test (1).

Many reports consider a larger Q1 associ-
ated with a low Σ to be a good criterion for
selecting rats with LMI. Indeed, such crite-

Figure 3. Use of receiver operating characteristic curves for ÂQRS to identify the presence
of myocardial infarction (panel A: presence of MI) and to distinguish MI larger than 40%
from infarction of less than 40% of left ventricular endocardial circumference (panel B: MI
size). The values of the area under the curve (AUC) are also presented, as well as the line
that indicates when the variable under study cannot distinguish between the two groups
(AUC: 0.50; dashed line)
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rion has been reported to screen over 95% of
rats with LMI (7,8). Our data markedly dif-
fer from previously reported results. In fact,
although Q1 > 1 mm emerged as a good
marker for the presence of MI in the rat, it
was recorded equally in LMI and SMI ani-
mals, thus showing that a large Q1 is far from
specific for LMI. In addition, curiously, in
our cases, Σ lower than 10 mm was more
frequently encountered in SMI than in LMI,
showing that the height of precordial R waves
does not discriminate LMI.

Our data permit us to conclude that rou-
tine nine-lead ECG permits the identifica-
tion in an easy and quite reliable manner, the
presence of MI in rats when a Q wave is
present in D1, together with ÂQRS and ÂT

located between 0 and 240 degrees and Σ
lower than 10 mm. Nevertheless, as is the
case for routine clinical use of twelve leads
in electrocardiographic studies of MI in hu-
mans, MI size cannot be characterized by
previously described indexes. The well-ac-
cepted criterion based on deep Q1 and low
amplitude of precordial R waves does not
select larger than 40% MI.
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