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Background: A left ventricular aneurysm (LVA) occurs between 3.5% and 9.4% of all cases of
acute myocardial infarction. A fragmented left sided QRS (RSR` pattern or its variant RSr`, rSR`, or
rSr`) without evidence of bundle branch block (QRS duration ≤120 ms) on the ECG may be associated
with a significant myocardial scar, which is the characteristic of a LVA. We, therefore, postulate that
fragmented QRS (RSR` pattern or its variant) in the left sided leads (I, aVL, V3 to V6) may be a useful
sign of LVA.

Methods: ECGs of 110 consecutive patients with LVA documented by left ventricular angiography
(30◦ right anterior oblique view) was compared with 220 patients without LVA (110 patients with and
110 patients without coronary artery disease (CAD)), who were evaluated for CAD by symptoms and
signs.

Results: The sensitivity of the fragmented QRS for identification of LVA was 50% (55 of 110
patients) and specificity was 94.6% (209 of 220). Within the study population, the positive predictive
value of the fragmented QRS for LVA was 83.3% (55 of 66) and the negative predictive value was
79.2% (209 of 264). Based on the range of prevalence of LVA in postmyocardial infarction population
(3.5–9.4%) and on observed sensitivity and specificity, the positive predictive value of fragmented
QRS for LVA after infarction can be estimated at 29–53% and the negative predictive value can be
estimated at 95–98%.

Conclusion: The sensitivity of fragmented QRS in left precordial leads for LVA was only 50%,
whereas the specificity was 94.5%. It has a relatively low to moderate positive predictive value and
high negative predictive value. A.N.E. 2006;11(2):132–138
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A left ventricular aneurysm (LVA) is defined as
an area of thinned and dyskinetic left ventricu-
lar wall with a broad neck occurring frequently
as a sequel of ischemic heart disease.1–3 Rarely
LVA may be associated with myocarditis (e.g.,
Chagas disease, Kawasaki disease), may be congen-
ital, post-trauma, or idiopathic. An LVA occurs be-
tween 3.5% and 9.4% of all cases of acute myocar-
dial infarction.4–7 About three quarters of these pa-
tients have triple vessel disease.8–10 The wall of the
LVA consists of fibrous tissue as well as necrotic
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myocardium with islands of viable but ischemic
myocardium. These tissues serve as a substrate for
ventricular arrhythmias in 15% of cases, which in-
creases the risk of sudden and non-sudden death
by six-fold when compared to patients with a com-
parable ejection fraction without LVA.11–15 It may
also cause significant loss of stroke volume and
may be responsible for the congestive heart failure,
which is encountered in half of these patients. Thus
LVA is associated with significant morbidity and
mortality.
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A simple way to identify patients with LVA will
be clinically useful. Various studies have shown
that persistent ST elevation and presence of a
prominent R wave in aVR serve as a marker of
LVA.16–24 However, the sensitivity and specificity
of these findings are poor. Fragmentation of QRS
with characteristic rSR` pattern or its variant (rSr`
or rSR`) in left sided leads (V3 to V6, I, or aVL) has
been suggested as a marker of LVA and myocar-
dial scar formation, in a small group of patients as
well as in computer models.24–28 Various studies
have also shown that alteration in QRS morphol-
ogy is related to myocardial scar. Spectral analysis
of the high-frequency electrogram has also revealed
increased notches or slurring in the electrogram fol-
lowing myocardial injury.29 Similarly, wide band
recording in patients with coronary artery disease
(CAD) revealed an increased number of notches in
the R wave and slurs in the S wave in patients with
a myocardial scar.30

The purpose of our study is to establish the sen-
sitivity, specificity, and predictive values of frag-
mentation of QRS and to define the various types
of QRS morphologies in a large group of patients
with LVA.

METHODS

An LVA was defined as an outward bulging seg-
ment of left ventricular wall during systole. Of
1041 consecutive patients who underwent cardiac
catheterization and coronary angiography for eval-
uation of CAD in our hospital, left ventricular an-
giography was obtained in 921 patients in a single

Figure 1. Different morphologies of RSR` pattern and its
variants, and fragmentation of QRS associated with left
ventricular aneurysm (more than one sign may be found
in one EKG).

plane, 30◦ right anterior oblique views. One hun-
dred and ten patients had angiographic evidence of
LVA (LVA and CAD). One hundred and ten con-
secutive patients who underwent cardiac catheter-
ization for similar indications described above, in
which CAD was present but there was no evi-
dence of LVA, were selected as a control group
(without LVA, but with CAD). One hundred ten
consecutive patients without any obstructive coro-
nary disease (<30% of coronary lesion) and with-
out any history of myocardial infarction (no LVA
and no CAD) were also added as a second con-
trol group to verify that the fragmentation of QRS
as a sign was not associated with mere presence
of CAD or myocardial infarction, but was associ-
ated with LVA. The ECGs of these patients were
obtained. Various patterns of QRS fragmentation
were observed. An RSR` pattern was defined as
the presence of initial R wave followed by an S
wave and a terminal positive deflection (R`) with
QRS duration of ≤120 ms. The rSr` pattern (initial
small r wave followed by S wave and an upstroke
on the S wave) and RsR` (prominent R wave fol-
lowed by a small down slope and terminal R) wave
were defined as the variants of RSR` (Figs. 1–5).
Presence of ST segment elevation with or without
RSR` pattern or fragmentation was also noted. The
QRS morphology which qualified for typical bun-
dle branch block was excluded from fragmented
QRS group even if the duration was exactly 120 ms.
The QRS duration of >120 ms was excluded from
the fragmented QRS group even though they did
not have typical bundle branch morphology (n =
3). It is because of no clear-cut demarcation be-
tween bundle branch block and intraventricular
conduction delays in a few of these EKGs. Pa-
tients with paced rhythm or poor quality of left
ventricular angiogram were also excluded from the
study.

Performance of fragmented QRS in the left sided
leads was derived from analysis of 110 patients
with LVA and 220 patients without LVA (110 pa-
tients with CAD and 110 patients without CAD).
Statistical analysis was performed utilizing the chi-
square test to compare the sensitivity and speci-
ficity of the ECG findings among patients with and
without LVA. Knowing a prevalence range of 3.5–
9.4%,4–7 an estimate of the expected positive and
negative predictive values of our findings in post-
myocardial infarction patients can be calculated
(Table 1).
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Figure 2. rSr` pattern in lead V3, fragmented QRS in lead V4, and RsR` in lead V5 (three signs of LV aneurysm in
one EKG).

RESULTS

The mean age in patients with LVA (N = 110) was
65 ± 11 years and without LVA (N = 220) was 67 ±
9 years (P = NS). The male:female ratio was com-
parable in patients with LVA (61 males; 55%) and
without LVA (130 males; 59%). There was 96% con-
cordance in ECG interpretation of fragmented QRS
between the two independent reviewers blinded
with the results of cardiac catheterization. Of 110
patients with LVA, 55 patients had a fragmented
QRS (50 patients had fragmented QRS, and 5 pa-
tients had a fragmented QRS and ST-segment ele-
vation in V1 to V3) in at least one of the left sided
leads. Whereas fragmented QRS was present in
only 11 patients with no LVA (6 of 110 patients
with CAD and 5 of 110 patients with no CAD,
P = NS). The sensitivity of fragmentation of the
QRS for LVA was only 50%, whereas the specificity
was 94.5% in patients with CAD. The correspond-
ing false-negative and false-positive rates were 50%
and 5.4%, respectively. Within our study popula-
tion, the positive predictive value of fragmented
QRS of LVA was 83.3% (55 of 66 patients) and a

negative predictive value was 79.2% (209 of 264 pa-
tients) (Table 2). Given the prevalence range of 3.5–
9.4% for LVA in patients with history of myocardial
infarction,4–7 our sensitivity and specificity find-
ings will result in an estimated positive predic-
tive value of 29–53% and negative predictive value
of 95–98%, for our fragmentation criterion within
a typical population of postmyocardial infarction
patients.

DISCUSSION

The autopsies of patients with LVA have shown
significant myocardial necrosis with islands of vi-
able myocardial tissue interspersed in abundant
fibrous tissue.26 This alters the ventricular depo-
larization, which is represented by fragmentation
of QRS in the surface ECG. The vectorcardiogram
studies in a small group of patients with RSR` pat-
terns have revealed the presence of LVA or CAD
with significant left ventricular scar formation.31–35

The islands of chronically ischemic myocardium
display slow activation as a result of partially de-
polarized and depressed action potential upstroke
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Figure 3. Fragmented QRS in lead V4 and rSR` pattern in lead V5.

Figure 4. rSr` pattern in lead V3.
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Figure 5. RSr` pattern in lead V6.

velocities. This is responsible for inhomogeneous
activation of the left ventricle.36 The endocardial
mapping of the scar tissue in these patients also re-
vealed fractionated electrograms over a wide area
surrounding the myocardial scar. It has been sug-
gested that the initial R wave deflection is seen due

Table 1. Comparisons of ECG Findings in Patients with and without Left Ventricular Aneurysm (LVA) by
Chi-Square Test

Control Group 1: Patients Control Group 2: Patients
without LVA, but with CAD with no LVA and no CAD

Patients with LVA
ECG Findings N = 110 N = 110 P Value N = 110 P Value

Fragmented QRS 50 6 <0.0001 5 <0.0001
Fragmented QRS + ST elevation 5 0 <0.0001 1 <0.0001
RBBB 4 6 NS 4 NS
LBBB 2 3 NS 1 NS
Paced rhythm 4 4 NS 3 NS
Without fragmentation of QRS or 38 91 <0.001 96 <0.001

conduction abnormalities

The first control group comprised patients with CAD and no LVA and the second control group comprised patients with no LVA
and no CAD.
CAD = coronary artery disease; RBBB = right bundle branch block; LBBB = left bundle branch block.

to a shifting of the QRS vector to the right and pos-
teriorly as a result of early depolarization with rel-
atively normal conduction through the upper sep-
tum and the right ventricle.24–25 The notching or
slurring in the S wave may represent the activa-
tion pattern in precordial leads (rightward to the
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Table 2. Comparisons of Fragmented QRS Pattern in
Patients with and without Left Ventricular Aneurysm

(LVA)

Total Number of LVA LVA
Patients Studied Present Absent
(N = 330) (N = 110) (N = 220)a

Fragmented QRS 55 11
present

(N = 66) (True–positive) (False-positive)
Fragmented QRS 55 209

absent
(N = 264) (False-negative) (True-negative)

aPatients with CAD, but no LVA (N = 110) + patients with
no CAD and no LVA (N = 110) documented by cardiac
catheterization.
CAD = coronary artery disease; LVA = left ventricular
aneurysm.

transition zone) similar to the activation pattern
in left bundle branch block. This view was sup-
ported in two of our patients with RSR` pattern,
in which rate-related left bundle branch aberrancy
was noted. The amplitude of the terminal R wave
depends on the degree of terminal leftward shift
of depolarization. Thus, the terminal conduction
delay of QRS forces arising from the area of con-
duction block or slowing, results in RSR` pattern
of ventricular activation. The different morpholo-
gies of QRS on surface electrogram may represent
various directions of myocardial activation pattern,
depending on the amount and location of the scar
tissue in the left ventricle.

The prognosis of patients with CAD with LVA is
poor as compared to patients without LVA.1,6 Thus,
having an LVA represents a high-risk group of pa-
tients with CAD. The ECG can be an important aid
in risk stratification of patients. Sometimes, it may
be the most readily accessible and inexpensive diag-
nostic modality to assess LVA. An echocardiogram
is expensive and may not be able to assess wall mo-
tion abnormalities, especially in the circumapical
region, in up to one-fifth of these patients.34 Previ-
ous studies have revealed that persistent ST eleva-
tion (>2 weeks after myocardial infarction) in the
precordial leads mostly in V2 and V3 ≥2 mm as a
less sensitive sign of LVA (44%). Its specificity is
very low, as ST-segment elevation may be encoun-
tered in many cardiac diseases. Goldberger’s sign
(R in aVR) also has very low sensitivity.

Our study applies to the patients who are clini-
cally at risk of CAD by symptoms or signs, and who

have fragmented QRS (RSR` or its variant) in left
precordial leads, as a highly specific sign (95%) of
LVA. It has a moderate calculated positive predic-
tive value (29–54%) and a high calculated negative
predictive value (95–98%) for identification of LVA
in patients with CAD. The sensitivity of detecting
LVA by ECG can be further raised if persistent ST-
segment elevation is added to the diagnostic crite-
ria, as few patients display only the later changes
in ECG.

CONCLUSION

Our study revealed that the fragmentation of
QRS (RSR` pattern) in the left sided leads with QRS
duration ≤120 ms in the ECG is a highly specific
sign of an LVA. It has a relatively low to moderate
positive predictive value and a high negative pre-
dictive value.
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