J. Dhaka National Med. Coll. Hos. 2024; 30 (01): 23-28

Original Article

Prognostic correlation between electrocardiographic QRS duration and
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Abstract:

Background: Early risk stratification of patients with myocardial infarction is critical to determine optimum
treatment strategies and enhance outcomes. The present study was therefore undertaken to determine the
relationship between QRS duration (QRSd) on admission ECG and left ventricular ejection fraction (LVEF) as a
measure of left ventricular function in non-ST elevated myocardial infarction (NSTEMI) patients.

Methods: This observational study was carried out from January to December 2020 with total of 120 patients
with a history of NSTEMI. Based on the cut-off value of QRS duration 100 msec, the patients were divided into
two groups-one group with QRS duration <100 msec (normal QRS) and another group with QRS duration> 100
msec (prolonged QRS). Left ventricular systolic function was considered preserved, if it was 252% and reduced
if it was < 52%. The association and correlation between QRS duration and LVEF was then observed.

Results: The prevalence of reduced LVEF in patients with prolonged QRS duration (> 100 msec) was double
(38%) than that of preserved (19.5%). The risk of having LV dysfunction in patients with prolonged QRS duration
was 2.5 (95% Cl=1.1-6.2) times higher than that in patients normal QRS duration (d" 100 msec) (p=0.039). The
QRS duration and LVEF bear a significantly inverse relationship (r=-0.341, p<0.001). The sensitivity of prolonged
QRS duration (> 100 msec) in correctly detecting LV dysfunction was inappreciably low (38%), although its
specificity in excluding those who did not have LV dysfunction was optimum (80.5%) with overall diagnostic
accuracy being 52.5%

Conclusion: Prolonged QRS duration on a standard 12-lead ECG is associated with reduced echocardiographic
LVEF. However, QRS duration in predicting LV dysfunction is much less sensitive, although its specificity is
optimum indicating that QRS duration is not a good predictor of LV dysfunction (reduced LVEF), but it can
dependably predict those who do not have LV dysfunction (preserved LVEF).

Key Words: Coronary artery disease, QRS Duration, non-ST elevated myocardial infarction, Left Ventricular
Systolic Function.

Introduction

Cardiovascular diseases (CVDs) are known to be the
leading causes of death worldwide. In 2015, nearly 20
million CVD deaths occurred (equivalent to one-third
oftotal global deaths) and 423 million people had
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prevalent CVD (1 in 17 of the global population)?.

In Bangladesh death due chronic diseases, especially the
fatal four' i.e. Cardiovascular disease (CVD), cancer,
chronic respiratory disease and diabetes is increasing at
galloping pace.2 Acute coronary syndromes appeared as
the leading cause (3.7%) of death across 504 public
hospitals in Bangladesh in 2012 as reported by the "Health
Bulletin 2013.3 Of them Non-ST segment elevation
myocardial infarction (NSTEMI) is the



commonest form of acute coronary syndrome (ACS) and is
a leading global cause of premature morbidity and
mortality. The electrocardiogram, due to its wide
availability, low cost and simplicity, has emerged as an
essential tool for diagnostic and prognostic stratification of
NSTEMI, ST segment depression or transient ST segment
elevation and T wave changes occur in up to 50% of
patients with NSTEMI. New ST-segment deviation (20.1
mV) is a useful measure of ischemia and prognosis.
Transient (i.e., <20 minutes) ST elevation, which occurs in
approximately 10% of patients with UA/NSTEMI,
portends a high risk of future cardiac events. T wave
changes are sensitive but not specific for acute ischemia
unless they are marked (>0.3 mV).*’

Widening of the QRS complex is related to slower spread
of ventricular depolarization, either due to disease of the
His-Purkinje network and/or reliance on slower, muscle-to-
muscle spread of depolarization. Shape of an abnormal
QRS complex varies from almost normal to wide and
bizarre and/or slurred and notched. Causes of a widened
QRS complex include right or left BBB, pacemaker,
hyperkalemia, ventricular pre- excitation as is seen in Wolf-
Parkinson-White pattern, and a ventricular rhythm The
QRS duration determined by electrocardiography (ECG) is
related to ventricular dysfunction.. Prolonged QRS
duration can lead to ventricular dysfunction in long-term
and also it can be a direct result of ventricular dysfunction.
Additionally, it was found that prolonged QRS duration
was related to poor prognosis in anterior AMI. In previous
studies, it was shown that prolonged QRS on admission
was related to cardiac adverse events.®® Many studies
documented the prognostic value of ECG with LV systolic
function by echocardiography, where prolonged QRS
duration of acute STEMI patients demonstrated significant
association with left ventrivular systolic dysfunction.
Another study showed that patients with prolongation of
QRS duration had increased ventrivular volume , decreased
left ventricular ejection fraction (EF), and gigher incidence
of sudden cardiac death.'**

But there are limited studies to show the correclation
between QRS dutation on ECG and LV systolic function by
echocardiography in patients with NSTEMI in Bangladesh
.The present study was,therefore designed to see the
relationship between QRS dutation on surface ECG and left
ventricular systolic function in patients with Non-ST
elevated Myocardial Infarction.
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Methods

This study was designed as an observational study at
Department of Cardiology, Sir Salimullah Medical College
& Mitford Hospital, Dhaka. This study was conducted from
January 2020 to December 2020. A total number of 120
patients who fulfilled inclusion and exclusion criteria were
selected for the study as the sample population. The
samples were collected by purposive sampling method.
Patients with Previous history of myocardial infarction,
known non-ischemic causes which can cause prolonged
QRS duration (WPW syndrome, drugs, electrolyte
imbalance), LBBB or RBBB, Pacemaker rhythm, known
valvular heart disease, congenital heart disease and
cardiomyopathy, major non-coronary disorders which
cause elevation of troponin-I such as CKD, myocarditis,
acute pulmonary embolism were excluded from this study.

Informed written consent was taken from each patient
before enrollment. Meticulous history was taken and
detailed clinical examination was performed. Risk factors
profile including smoking, hypertension, dyslipidemia and
family history of myocardial infarction were noted.
Necessary physical examinations were done including
pulse, blood pressure, jugular venous basal crepitation,
auscultation for any cardiac pressure, murmur. Some
primary investigations were done including serum troponin
value, random blood sugar, serum creatinine, serum
electrolytes, lipid profile on the day of admission. Resting
ECG of all patients was done at a paper speed of 25 mm/s
and 10 mm standardization at admission using Fukuda
ECG machine (Model: FX-2111) Denali Co Ltd Japan.
QRS duration was manually measured and calculated from
the beginning of the first. appearing Q or R wave to the end
of the S wave. All measurements were taken from the
precordial leads (V1 to V6). Average of measurements
from all precordial leads was considered. Based on the cut-
off value of QRS duration 100, the patients were divided
into two groups-one group with QRS duration 100 msec
(Normal QRS, 82 patients) and another group with QRS
furation > 100 msec (prolonged QRS, 38 patients) .Trans
thoracic echocardiography was done preferably within 24
hours of admission, left ventricular systolic function was
measured in terms of left ventricular ejection fraction
(LVEF). LVEF was measured with the help of modified
Simpson’s method. Accordingly, if left ventricular ejection
fraction was 52%. ECHO done by GE Vivid E95
Machine.Collected data were processed and analyzed using
SPSS (Statistical Packge for Social Science), version 23.0



Results:

This observational analytical study aimed at finding the
relationship between QRS duration and left ventricular
systolic function in patients with NSTEMI. The exposure
or the independent variable (QRS duration on admission
ECG) was divided into <100 msec and > 100 msec, while
the outcome or dependent variable, LVEF was divided into
<52% (reduced, n = 79) and 252% (normal, n =41). The
association & correlation between QRS duration and LVEF
was then observed. The findings obtained from data
analyses are presented below:

Nearly half (49.2%) of the patients had family history of

CAD, 44.2% were hypertensive, 30.8% diabetic, 38.3%
smoker and 10% were dyslipidemia (Fig. I).
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Fig.-1: Distribution of risk factors among the sampled
population.

The mean age of the NSTEMI patients with prolonged
QRSd was significantly lower than that of the patients with
normal QRSd (p = 0.008). However, sex distribution was
almost identical between the groups (p = 0.497). BMI was
no different between the groups (p=0.224). None of the
conventional risk factors of coronary artery diseases were
significantly different between the groups (p>0.05) (table
).

Table-1: Distribution of baseline characteristics between
prolonged and normal QRS duration.

QRSd (ms)
Baseline

Normal p-value

(n=82)

Prolonged
(n=38)

characteristics

Sex

Male 30(78.9%) 60(73.2%) 0.497

Female 8(21.1%) 22(26.8%)
Age (yrs) 53.7+9.2 58.9 +10.7 0.008
BMI (kg/m?) 27941 27.1+33 0.224
Hypertension 15(39.5%) 38(46.3%) 0.481
Diabetes Mellitus 11(28.9%) 26(31.7%) 0.761
Dyslipidaemia 5(13.2%) 7(8.5%) 0.647
Smoking habit 18(47.4%) 28(34.1%) 0.166

Family history CAD 21(55.3%) 38(46.3%) 0.363
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Figures in the parentheses indicate corresponding %; Chi-
squared Test was done to analyze the qualitative data.
Quantitative data were analyzed using unpaired t-Test and
were presented as mean + SD.

None of the co-morbidities or factors (hypertension,
diabetes mellitus, dyslipidemia, smoking habit and family
history CAD) shown in table Il was significantly associated
with LV dysfunction (reduced LVEF). However, smoking
habit was considerably higher in patients with reduced
LVEF (p = 0.062).

Table-11: Association between co-morbidities or risk factors
and LVEF

LVEF (%)
Risk factors’ T <52 =52 p-value
(n=79) (n=41)
Hypertension 33(41.8) 20(48.8) 0.463
Diabetes 22(27.8) 15(36.6) 0.326
Dyslipidaemia 6(7.6) 6(14.6) 0.369
Smoking habit 35(44.3) 11(26.8) 0.062
Family history of CAD 41(51.9) 18(43.9) 0.406

Figures in the parentheses indicate corresponding %;
*Chi-squared Test was done to analyze the data.

The prevalence of reduced LVEF (< 52%) with prolonged
QRS duration was double (38%) than that of preserved
LVEF (252 %) (19.5%). The risk of having LV dysfunction
in patients with prolonged QRS duration was 2.5 (95% ClI
= 1.1- 6.2) times higher than that in patients normal QRS
duration (<100 msec) (p=0.039)

Table I11: Association between prolonged QRS duration

*
LVEF (%) Odds Ratio E
QRS duration (ms) value
<52 252 (95% CI of
n=179 (n=41) OR)

>100 30(38.0%) 8(19.5%)

2.5(1.1-6.2) 0.039
<100 49(62.0%) 33(80.5%)

Figures in the parentheses indicate corresponding %; *Chi-
squared Test was done to analyzed the data.

Correlation between QRS duration and LVEF depicts that
as QRS duration increases LVEF decreases. The two
variables bear a significantly inverse relationship (r=-
0.341, p<0.001) (Fig.2).
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Fig I1: Correlation between QRS duration and LVEF.
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Table IV shows the accuracy of QRS duration as a non-
invasive test in differentiating NSTEMI patients with LV
dysfunction from normal LV function. The sensitivity of
prolonged QRS duration (100 msec) in correctly detecting
LV dysfunction from the normal ones was 30/79%x100
=38%, while the specificity of the test in correctly
excluding those who did not have LV dysfunction was
33/41x100= 80.5%. The positive and negative predictive
values of the test were 30/38 x 100 = 78.9% and 33/82x100
= 40.2% respectively. The percentages of false positive and
false negative as yielded by the test were 8/38x100=21.1%
and 49/ 82x100 = 59.8% respectively. The overall
diagnostic accuracy of the test was (30 + 33)/ 100x100 =
52.5%.

Table-I1V: Accuracy of QRS duration in detecting LV
dysfunction.

LV Dysfunction
QRS duration Total
Yes No
(ms)
(LVEF < 52%) (LVEF > 52%)

> 100 30 8 38
<100 49 33 82
Total 79 41 120

}

Sensitivity 38%, Specificity = 80.5%, Positive predictive
value of the test (PPV) 78.9%, = Negative predictive value
of the test (NPV) =40.2%, Percentage of false positive =
21.1%, Percentage of false negative = 59.8%

Discussion:

Despite decreasing mortality trends of coronary artery
disease (CAD) in many developed countries, increasing
number is noticed in developing countries. 12 The ECG,
due to its wide availability, low cost and simplicity, is an
essential tool for the diagnosis and prognostic stratification
of STEMI,*® Whether, the same tool can be used in the
prediction of left ventricular systolic dysfunction in patients
with NSTEMI has been tested in the present study

In this study prolonged QRS duration (> 100 msec) on a
standard 12-lead ECG was associated with reduced LVEF,
as determined by echo- cardiography. The high specificity
of the 12-lead ECG for the prediction of abnormal LV
systolic function suggests that in patients with QRS
duration> 100 msec, the resting LVEF is more likely to be
abnormal. The resting 12-lead ECG is readily available for
all patients with suspected or proven cardiac disease.
Although valuable. information to diagnose the rhythm and
presence or absence of acute or remote myocardial
infarction and left ventricular hypertrophy is evident in the
resting ECG, the utility of
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the QRS duration as a predictor of LV systolic function has
long been ignored. Previous studies indicated that a normal
12-lead resting ECG is associated with normal LV function
in 92-95% of cases!*!’

QRS scores incorporating several ECG variables have been
devised by several investigators. Palmeri et al. used a 29-
point system based on the duration of Q and R waves and
on the ratios of R-to-Q amplitude and R-to-S amplitude.
Palmeri showed certain QRS scores to be proportional to
the severity of wall-motion abnormalities (determined by
radionuclide gated blood pool scanning) and to have
inverse correlations with measured LVEF®® Roubin et al.
using the same scoring system showed that a QRS score of
27 had a specificity of 97% and a sensitivity of 59% for
predicting a reduced LVEF of 45%?° However, the utility
of such scoring systems has been questioned by other
investigators. Fiorettiet al. showed that QRS score of
Wagner et al. was of little use in estimating LVEF 22

Askenazi et al. demonstrated that the sum of the R-waves
in leads aVL, aVF, and v1 to v6 correlated with the LVEF,
and an R-wave sum of 4 mV was the best predictor of a
decreased EF. Young et al. found that the correlation
between the modified QRS score of Wagner et al. and
LVEF to be only fair, and the sum of R-wave voltage
criterion of Askenazi et al. to correlate poorly with LVEF?
28 Although depressed LVEF is associated with a prolonged
QRSd, it is also possible that prolonged QRS duration
(even in the normal ranges) could directly contribute to
worsen the prognosis by causing ventricular asynchrony,
functional mitral regurgitation and left wventricular
dysfunction?

In the present study, the correlation between QRS duration
and resting LVEF was tested outright and QRS duration
was found to be negatively correlated with resting LVEF,
that is, left ventricular systolic function. However, as
accuracy of prolonged QRS duration (> 100 msec) in
predicting LV dysfunction was tested, its sensitivity was
found to be inappreciably low (38%), although its
specificity was optimum. indicating that QRS duration is
not a good predictor of LV dysfunction (reduced LVEF) but
it can dependably predict those who do not have LV
dysfunction (preserved LVEF). Murkofsky et al. also found
a prolonged QRS (>100 msec) to be highly specific, but
relatively insensitive, for predicting LV dysfunction®
Thus, although a QRS duration> 100 msec was highly
associated with an abnormal resting LVEF, a normal QRS
duration of d" 100



msec did not reliably rule out reduced LVEF. Furthermore,
correlation between QRS duration and LVEF suggests that
more the prolonged QRS duration the greater the worsening
of LVEF (the severe the LV dysfunction). However, every
scientific study might be associated with some inherent
biases and limitations. Likewise, there were several
limitations of the present study, which deserve mention.

Limitations:

The main limitation of our study is the manually
measurement of QRS duration. This might have reduced the
accuracy. The present study did not use other described
ECG scoring systems that had been proven useful in the
determination of infarct size and estimation of LV function
shortly after a myocardial infarction.

Conclusion:

Prolonged QRS duration on a standard 12-lead ECG is
associated with reduced echocardiographic LVEF. The
QRS duration bears negative correlation with resting LVEF
suggesting that as QRS duration increase LVEF decreases.
However, QRS duration in predicting LV dysfunction is
much less sensitive, although its specificity is optimum
indicating that QRS duration is not a good predictor of LV
dysfunction, but it can dependably predict those who do not
have LV dysfunction.
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