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ABSTRAK

Latar belakang: Infark miokard dengan gelombang Q (QMI) 
memiliki mortalitas yang lebih tinggi dan viabilitas miokard 
yang lebih rendah dibanding infark miokard tanpa gelombang 
Q (NQMI) yang merefleksikan bahwa keberadaan gelombang Q 
patologis menggambarkan fungsi ventrikel yang lebih buruk. 
Penelitian ini bertujuan untuk mengetahui perbedaan nilai 
fraksi ejeksi ventrikel kiri (LVEF) antara QMI dan NQMI.

Metode: Desain penelitian ini adalah potong lintang analitik 
yang dilakukan pada pasien IMA yang dirawat dan menjalani 
pemeriksaan ekokardiografi di RSUD Abdul Wahab Sjahranie, 
Samarinda pada Februari 2014 hingga Maret 2015. Pemeriksaan 
elektrokardiogram standar 12-sadapan (EKG) dilakukan pada 
saat presentasi, hari kedua dan ketiga sejak onset IMA serta 
menggunakan kriteria “classic” untuk gelombang Q patologis. 
Penilaian LVEF dilakukan menggunakan ekokardiografi setelah 
hari kedua sejak onset IMA. Uji independen T digunakan untuk 
mengetahui perbedaan LVEF menggunakan PSPPIRE 0.8.4.

Hasil: Selama penelitian diperoleh 34 subyek yang terdiri dari 
16 pasien QMI dan 18 pasien NQMI. QMI memiliki LVEF yang 
lebih rendah (42±13%) dibanding NQMI (60±11%, p<0,001). 
Keberadaan gelombang Q patologis berhubungan dengan nilai 
LVEF ≤40% (p=0,002).

Kesimpulan: QMI memiliki LVEF yang lebih rendah dibanding 
NQMI, memberikan informasi peran gelombang Q patologis 
sebagai indikator LVEF.

ABSTRACT

Background: Q-wave myocardial infarction (QMI) has 
higher mortality and lower myocardial viability than non-Q-
wave myocardial infarction (NQMI), suggesting the existence 
of pathological Q waves reflects the worse ventricular 
function. The aim of the study is to determine difference in 
left ventricular ejection fraction (LVEF) between QMI and 
NQMI.

Methods: The study design was cross-sectional analysis 
conducted in patients with AMI that were hospitalized and 
undergone echocardiography in Abdul Wahab Sjahranie 
County General Hospital Samarinda during February 2014 
to March 2015. Standard 12-lead electrocardiograms (ECG) 
were recorded at presentation, 1 day and 2 days after 
the onset of AMI as well as using the classical criteria for 
pathological Q wave. LVEF assessment was performed using 
echocardiography after the second day since the onset of 
AMI. Independent-T test was used to determine difference in 
LVEF using PSPPIRE 0.8.4.

Results: There were 34 subjects comprising 16 QMI patients 
and 18 NQMI patients.  QMI had a lower LVEF (42±13%) 
compared to NQMI (60±11%, p<0.001). The presence of 
pathological Q waves was associated with LVEF ≤40% 
(p=0.002).

Conclusion: QMI had a lower LVEF than NQMI, provides 
information about the role of pathological Q wave as an 
indicator of LVEF.

http://dx.doi.org/10.13181/mji.v25i2.1274


Tiyantara, et al.
Pathological Q wave and left ventricular ejection fraction

99

Medical Journal of Indonesia

Acute myocardial infarction (AMI) can be 
classified into Q-wave myocardial infarction 
(QMI) and non-Q-wave myocardial infarction 
(NQMI) based on the presence of pathological 
Q waves.1 Most QMI is a final diagnosis of ST-
elevation myocardial infarction (STEMI) and 
a small portion is a final diagnosis of non-ST-
elevation myocardial infarction (NSTEMI).2 
Myocardial viability is lower in QMI.3,4 Mortality 
and the incidence of congestive heart failure and 
cardiogenic shock are higher in QMI.5-7

Pathological Q wave in the AMI is an abnormal 
negative deflection in electrocardiogram (ECG) 
which indicates a significant cardiac electrical 
abnormality.1,8,9 The conditions that responsible 
in the formation of pathological Q wave are 
myocardial necrosis, hibernation, and stunning, 
those are known as the causes of ventricular 
contractile dysfunction.3,8-11

Left ventricular ejection fraction (LVEF) is an 
indicator of ventricular function that can be used 
to assess ventricular systolic function in AMI 
patients. Left ventricular systolic function can be 
measured non-invasively using echocardiography 
as LVEF.

Because there were evidences that pathological 
Q wave reflecting the abnormal conditions 
of myocardium, we had hypothesized that 
pathological Q wave had a potential as an indicator 
of LVEF. The aim of this study was to determine 
difference in LVEF between QMI and NQMI.

METHODS

This study was cross-sectional analysis. 
The subjects were patients with AMI for the 
first time who were treated and undergone 
echocardiography in period of February 2014 
to March 2015 in the Abdul Wahab Sjahranie 
Samarinda County General Hospital as the referral 
center in East Kalimantan. The thrombolytic 
therapy, anticoagulant, antiplatelet and other 
medical therapy were used as standard therapy 
as indicated. All data were obtained from medical 
record archives. AMI was defined as the presence 
of manifestation of acute coronary syndrome, 
cardiac biomarker rise above the upper limit of 
normal values based on local laboratory, and 
evidence of ECG that support the diagnosis. 

Subjects with QRS confounders (such as left 
bundle branch block), and/or poor quality ECG 
were excluded.

The diagnosis of QMI was based on the appearance 
of pathological Q waves in AMI in one or more ECG 
measurement in the specific time with the typical 
evolution pattern of infarction. The specific 
time defined as the first three measurements of 
the ECG that include at presentation, one day, 
and two days after the onset of AMI. Standard 
12-lead ECGs were recorded at specific time 
in order to bring enough time to evaluate 
the appearance of pathological Q wave, thus, 
enabling to determining the final diagnosis of 
the type of infarction and to evaluate the typical 
evolution pattern of infarction. The pathological 
Q wave was defined by using classical criteria for 
pathological Q wave that defined as Q-wave with 
a duration ≥40 ms and/or a depth ≥25% of the 
R-wave in the same lead or the presence of a Q 
wave equivalent, the Q wave must be contained 
in ≥2 leads to the same lead group. When the 
pathological Q waves were present in the one or 
more ECG measurement in the first three ECG 
measurements (at presentation, one day, and two 
days after the onset of AMI), then, the diagnosis 
was QMI, if the waves were not present, the 
diagnosis was NQMI (Figure 1).

The LVEF examination was performed using 
echocardiography. The assessment was carried 
out by operators who did not know the status of 
participation of the subjects in the study. LVEF 
assessment technique using the M-mode (1-D) 
echocardiography or Simpson’s method. Philips© 
echocardiography machines were used in this 
study. The LVEF examination was performed after 
the second day since the subjects were hospitalized.

Continuous variables were expressed as mean 
and standard deviations for data that not skewed 
or median (25th percentile, 75th percentile) for 
skewed data. Categorical variables were expressed 
as frequency with percentage. Independent T test 
was used to compare the characteristics expressed 
as continuous variables. The chi square test 
was used to compare noncontinuous variables. 
Statistical significance is obtained when p<0.05. 
All analyses were done using PSPPIRE 0.8.4.

The study protocol was approved by the Research 
Ethics Committee on Faculty of Medicine 
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Universitas Mulawarman (No. 74/KEPK-FK/
IV/2015).

RESULTS

During the study, we recruited 34 subjects 
consisting of 16 QMI patients and 18 NQMI 
patients. The subject characteristics at hospital 
admission are shown in Table 1. The youngest 
age was 31 years, while the oldest was 74 years 
with mean age of the subjects was 54±11 years 
(Table 1).

Approximately 30% of the LVEF assessments 
were done using Simpson’s method. The mean 
LVEF of all subjects was 52±15%, the lowest 
value (22%) was contained in the QMI subject 
(Figure 1) while the highest LVEF (81%) was 
contained in the NQMI subject. Analysis of 
LVEF difference between QMI and NQMI was 
performed using Independent T test. QMI had a 
lower LVEF than NQMI (42±13% and 60±11%, 
p<0.001). A total of 56% of the QMI subjects had 
LVEF ≤40%, while 6% of the NQMI subjects had 
the value (p=0.002).

Characteristics QMI
(n=16)

NQMI
(n=18)

Age, years* 53±9 55±12
Men, n(%) 12(75) 8(44)
History, n(%)

Diabetes mellitus 5(31) 5(28)
Hypertension 10(63) 10(56)

Heart rate, bpm† 86(79, 90) 80(74, 86)
Systolic blood pressure, 
mmHg*

131±22 139±27

Diastolic blood pressure, 
mmHg*

86±15 89±13

Troponin-T on admission, 
ng/L †

162(75, 820) 75(63,142)

Table 1. Subject characteristics

* mean±standard deviation; † median(25 th percentile, 75 
th percentile); NQMI= non-Q-wave myocardial infarction; 
QMI= Q-wave myocardial infarction

 

 
Figure 1. Subject with left ventricular ejection fraction (LVEF) 22%. Pathological Q waves in I, aVL, V2, V3, V4 , V5, and V6

DISCUSSION

Acute myocardial infarction causes changes 
in myocardial performance. The decreased 
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blood flow causes electrical and mechanical 
disturbances in the myocardium. Significant 
electrical disturbances can lead to appearance of 
pathological Q waves on ECG.1

Pathological Q wave is associated with a state 
of myocardial hibernation, stunning, and 
necrosis.3,8-11 Severe blockage of myocardial blood 
flow in a long time tends to cause myocardial 
necrosis while the lighter flow allows the 
myocardium last longer through the mechanism 
of myocardial hibernation though both can cause 
myocardial contractile dysfunction.12,13 The 
contractile dysfunction can also occur despite 
reperfusion has been done with the flow of 
blood that has been normal or nearly normal 
in the condition of myocardial stunning.14 The 
extent of myocardial damage is correlated to the 
pathological Q wave amplitude and the decreased 
ventricular contractile work.15,16

Our study confirmed the role of pathological Q 
wave as an indicator of LVEF. As the pathological 
Q waves appeared in ECG at the specific time, 
then, the lower LVEF was suggested. This 
study also found the association between the 
appearance of the waves and LVEF ≤40%. These 
findings confirm the theory of the conditions that 
responsible in the formation of the pathological 
Q wave that potentially lowering the ventricular 
function. The lower LVEF in QMI also confirms 
the prognosis role of the pathological Q wave, as 
the worse prognosis is prominent in subject with 
reduced ventricular function in AMI.

Another study by Delewi et al17 showed similar 
results, the subjects were STEMI patients 
undergoing primary percutaneous coronary 
intervention (PPCI) where QMI had a lower 
LVEF than NQMI (37±8% and 45±8%, p=0.001). 
Although they used different subjects and used 
cardiac magnetic resonance (CMR) to calculate 
the LVEF, their results also showed the similar 
meaning of the appearance of pathological Q 
waves, the similar pathophysiological mechanism 
may be responsible in this situation.

A study by Tao et al15 found a negative correlation 
between LVEF and pathological Q wave amplitude 
in experimental animals. This finding suggests 
that the pathological Q waves are not only the 
indicator of the lower LVEF but also tell us the 
severity of the reduced LVEF, but a study in 

human is still needed. Our study did not evaluate 
the meaning of the amplitude as we focus in the 
appearance of the wave.

In contrast, study by Yang et al18 showed there 
was no difference in LVEF between QMI and NQMI 
(25±11% and 28±10%, p>0.05), their subjects 
were patients with history of AMI (more than one 
month after AMI) with ventricular dysfunction.18 
The difference of their result with our finding 
may be resulted from many factors, such as the 
difference of subject selection criteria (we used 
subjects with the first AMI event), the time of 
LVEF assessment (time-dependent ventricular 
remodelling), pathological Q waves regression 
events, the recovery of stunned myocardium, 
ischemic preconditioning events, and the timing 
and types of the treatment.

There was difference in LVEF between NSTEMI 
and non-Q-STEMI (55.5±9.5% and 46.6±7.3%, 
p<0.001), and between NSTEMI and Q-STEMI 
(55.5±9.5% and 43.1±7.8%, p<0.001), but no 
difference was found between non-Q-STEMI and 
Q-STEMI (46.6±7.3% and 43.1±7.8%, p>0.05) on 
study by Plein et al.19 

There are several theoretical explanations to 
our results. The classical criteria that we used in 
our study are associated with size of infarction.17 
Study by Pride et al16 showed LVEF had negative 
correlation with the size of infarction.16 Subjects 
without pathological Q wave have the lowest size 
of infarction and subjects with pathological Q 
wave in line with the increase in Q wave amplitude 
have the increasing infarct size,15,20 NQMI has 
myocardial necrosis amount sufficient to increase 
the value of biomarkers of myocardial damage 
but not enough to produce abnormal deflection 
in ECG namely pathological Q waves.1

Myocardial necrosis has a role as the condition 
that makes QMI had a lower LVEF. Myocardial 
necrosis has long been known as the condition 
that responsible for the formation of pathological 
Q waves. Electrophysiological mechanisms of 
formation of pathological Q waves are explained 
through the theory of electrical window using 
zones of necrosis.9 Subjects with pathological 
Q waves have a lower myocardial viability 
than subjects without pathological Q waves on 
an assessment using the dobutamine stress 
echocardiography (DSE).3 Study conducted by 
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Ananthasubramaniam et al4 showed subjects 
with pathological Q wave had more myocardial 
scars.

Hibernation and myocardial stunning are 
conditions that also have a role in the formation 
of pathological Q waves and the decrease in 
LVEF. A Study that conducted by Sztajzel and 
Urban10 stated that the pathological Q waves did 
not only indicate myocardial necrosis but also 
stunning and hibernation, this was evidenced 
by the presence of pathological Q waves 
reversibility. Study by Delewi et al17 showed 
that regression of pathological Q waves was an 
indicator of the increase in LVEF that also showed 
the reversibility of pathological Q waves as an 
indicator of reversible myocardial dysfunction.17 
Study conducted by Voon et al11 using Tl-201 
myocardial perfusion single photon emission 
computed tomography (SPECT) showed that 
regression of pathological Q wave indicating an 
improvement of hibernation and/or stunning.11

This study had several limitations. The number 
of subjects was small. The techniques used for 
LVEF assessment for AMI patients in Abdul Wahab 
Sjahranie hospital were varied, and M-mode (1-D) 
echocardiography technique was dominantly used 
in this study. M-mode (1-D) echocardiography 
is not accurate than other echocardiography 
technique (2-D Simpson’s method and 3-D 
echocardiography) especially in conditions where 
ventricular geometry is not uniform.21,22 Myocardial 
viability was not assessed in this study so the 
underlying conditions (hibernation, stunning, 
and necrosis) that responsible in the decrease of 
LVEF cannot be determined clearly. However, our 
result can be more generalized for the AMI patient 
that undergone non-PPCI management such as 
thrombolytic therapy, anticoagulant, antiplatelet 
and/or other medications that still be used in 
many settings.

In conclusion, the existence of pathological Q 
waves reflected the worse ventricular function. 
It provides information about the role of 
pathological Q wave as an indicator of ventricular 
function especially LVEF in AMI. The appearance 
of the waves not only can predict the lower LVEF 
but also should be the sign of indication of more 
aggressive treatment and evaluation as the poor 
ventricular function has a worse prognosis in the 
short-term and long-term period.
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