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Introduction 

The electrocardiogram (ECG) is a simple method used to check car-
diac condition. Abnormalities of QRS duration, presence of bundle 
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Background and Objectives: We checked traditional and high-level precordial electrocardiogram (ECG) leads in patients who had under-
gone right ventricular outlet obstruction (RVOT) reconstruction surgery and evaluated the effect of ECG lead position on their QRS duration.
Subjects and Methods: We enrolled 34 patients who had undergone surgery for congenital heart disease with RVOT obstruction and who 
had received followed up care that included recorded ECG at a pediatric cardiac out-patient clinic. The control group included 29 patients 
who did not have hemodynamically significant intracardiac abnormality. We recorded traditional standard 12-leads ECG from the 4th in-
tercostals space, and moved the precordial leads to the 3rd and 2nd intercostals spaces, and recorded ECGs repeatedly.
Results: In all groups, there was no significant difference of mean QRS duration and QTc interval between traditional standard 12-leads 
ECGs and ECGs at higher intercostals spaces. There was no significant difference of ECG parameters between groups. In the control group, 
the degree of the change between the 4th intercostals space (ICS) QRS and 3rd ICS QRS was significant (p=0.031), and although, it was 
insignificant, ECGs at the 3rd ICS showed decreased QRS duration in group 1 (V1: 3rd ICS 119.21±21.53 msec vs. 4th ICS 122.80±31.78 
msec. V2: 3rd ICS 113.68±19.43 msec vs. 4th ICS 118.24±19.16 msec).
Conclusion: Although the positional change of ECG leads did not result in a significant effect on measuring QRS duration after surgery, 
ECG leads at the 3rd ICS rather than at the 4th ICS may cause alteration of ECG readings. Therefore, we suggest that ECGs should be re-
corded in as accurate a position as possible. (Korean Circ J 2012;42:414-418)
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branch blocks, intra-ventricular conduction delay, and ventricular 
arrhythmias can be detected by the analysis of the QRS complex, 
which represents ventricular depolarization. 

In particular, ECG measurements in patients with congenital heart 
disease (CHD) can provide several types of information prior to op-
eration and during follow-up after treatment. Surgery to treat right 
ventricular outlet obstruction (RVOT) can cause an injury to the right 
bundle branch block (RBBB) and can have an effect on regional de-
lay in systolic activation of the RV wall. In addition, the volume or 
pressure loading of RV caused by residual pulmonary stenosis (PS) 
or regurgitation (PR) can result in prolongation of QRS duration and 
ventricular arrhythmias as long-term outcomes.1-7) Prolonged QRS 
duration has been recognized as a risk factor for sudden death and 
right ventricular dysfunction in patients with RVOT reconstruction 
surgery.6)8-10) Therefore, early detection of significantly prolonged QRS 
duration is helpful in avoiding life-threatening ventricular arrhythmias. 

The previous study demonstrated that the electrodes for ECGs 
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must be positioned at predefined anatomical landmarks because 
some ECGs recorded by incorrect electrode positions could cause a 
misdiagnosis of a pathology.11)12)

In the present study, we checked traditional and high-level pre-
cordial ECG leads in patients with RVOT reconstruction surgery and 
evaluated the effect of ECG lead position on their QRS duration.

Subjects and Methods 

A total of 34 patients were enrolled in this study. These patients 
visited the pediatric cardiac clinic at Kyungpook National Universi-
ty Hospital for follow-up care, and ECG recordings were performed. 
The patients were divided into 2 groups. Group 1 was composed of 
19 patients who had received a trans-annular incision and right 
ventriculotomy for RVOT obstructive disease, such as tetralogy of 
Fallot (TOF), severe PS, and pulmonary atresia with intact ventricu-
lar septum. These patients had mild PS and/or PR with or without 
pulmonary valve replacement and findings determined that they 
did not need additional surgical correction. Group 2 was composed 
of 15 patients, whom we selected by the following criteria: 1) pa-
tients who had simple ventricular septal defect (VSD) and initial 
normal QRS duration on preoperative ECG, and 2) had undergone 
a right atrium (RA) or main pulmonary artery (PA) incision for cor-
rection and whose results revealed complete RBBB on postopera-
tive ECG. Among group 2, none of the patients had significant re-
sidual shunt, valve problems and ventricular dysfunction on echo-
cardiographic examination in the postoperative period. The control 
group included 29 children who met the following conditions: lack 
of a definite intracardiac abnormality, which was confirmed by 2D-
echocardiagraphy or by the presence of a popular left to right shunt 
lesion {atrial septal defect (ASD), VSD, and patent ductus arteriosus 
(PDA)} in which the shunt was small and considered to be insignifi-
cant. They showed normal QRS duration, and we excluded cases of 
congenital RBBB. 

The 6 precordial leads (V 1-6) and 6 limb leads (I, II, III, aVR, aVL, 
aVF) of the standard 12-leads were recorded in the supine position. 
Further, the V 1-2 leads of the high-level intercostals space (HICS) 
ECGs were recorded in the supine position. For HICS-ECG, the pre-
cordial leads (V 1 and V 2) were moved from the 4th intercostal space 
to the 3rd and 2nd intercostal spaces. ECG was recorded at the 25 
mm/sec recording-speed rate and at normal sensitivity (10 mm/mV), 
and the QRS duration and corrected QT interval were measured from 
all leads. The patient ECG data were compared with those of the 
control group.

Statistical analysis
The data were expressed as mean±SD or median as appropriate. 

Statistical analysis was performed using Statistical Package for the 
Social Sciences (SPSS), for Windows, version 18.0 (SPSS Inc., Chica-
go, IL, USA). The independent t-test was used to compare the elec-
trocardiographic parameters between groups. Comparisons of the 
change of the electrocardiographic parameters according to lead 
position were made using the paired t-test and general linear model. 
P<0.05 was defined as significance.

Results 

Patients characteristics
Group 1 was composed of 19 patients: 14 males and 5 females. 

There were 17 patients with TOF, 1 with severe PS, and 1 with pulmo-
nary atresia with intact ventricular septum. Their median age was 
4 years (range: 1-21 years), and the range of follow-up period was 
from 1 year to 20 years after RVOT-PAtomy. Group 2 was composed 
of 15 patients: 7 males and 8 females. Their median age was 7 years 
(range: 1-16 years). There were 13 patients with RAtomy and 2 pa-
tients with PAtomy, and the range of follow-up period was from 1 
year to 12 years after repair. The control group consisted of 29 chil-
dren (17 males and 12 females). There were 22 normal hearts, 3 PDA, 
3 VSD, and 1 ASD, and the median age was 8 years (range: 1-18 years). 

Standard 12-lead electrocardiogram
The QRS duration and QTc interval of checked leads are summariz-

ed in Table 1. In all limb leads, QRS duration of group 1 and 2 show-
ed significantly more prolonged QRS duration than that of the con-
trol group (p=0.001). Group 1 showed the most prolonged QRS du-
ration, but there was no significant difference compared to that of 
group 2. In all chest leads, QRS duration of group 1 and 2 showed 
significantly more prolonged QRS duration than that of the control 
group (p=0.000). The QTc interval showed the same results that the 
QRS duration revealed. In other words, the QTc intervals of group 1 
and 2 were more prolonged than that of the control group, but there 
was no significant difference between the groups. 

High-level intercostals space electrocardiogram
The comparison of QRS duration between standard and HICS V 1 

and V 2 is summarized in Table 2. In group 1 and 2, there was no sig-
nificant difference in the degree of intra-patient change and mean 
QRS duration between traditional standard 12-leads ECG and ECG 
at HICS. In the control group, the degree of the change between the 
4th ICS QRS and 3rd ICS QRS was significant (p=0.031).

Discussion 

Most patients with CHD associated with RVOT obstruction, such 
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as pulmonary atresia or TOF, had RVOT widening via trans-annular 
incision and right ventriculotomy. These operation methods result-
ed in injury to the distal part of the right bundle branch, the RBBB, 
and a prolongation of the QRS duration. Prolongation of QRS dura-
tion (>180 ms) is one of the indicators of localized areas of slow 
conduction and regional delay in systolic activation of the RV wall. 
In particular, this finding is related mainly to previous surgical repair 
and fibrosis, and the risk factors for sudden cardiac death after RVOT 
repair.13) Therefore, early detection of prolonged QRS duration is very 
important to ensure long-term positive outcomes in patients with 
RVOT repair, and regular ECG checking is necessary. 

The position of ECG leads could have an effect on ECG results. For 
example, if we change the left and right upper limb leads on oppo-
site sites, the ECG recording reveals opposite vectors of the P wave 

and T wave in the lead I, aVR, and aVL compared to those of the ECGs 
in their normal positions. When precordial leads (V 1)-ECG are placed 
at the HICS or at the right side, the QRS complex changes to the rSR 
type from the rS type normally. A recent study demonstrated that 
superior or inferior position of ECG electrodes caused alteration of 
QRS morphology and predictability of outflow tract ventricular 
tachycardia origin.14) 

In contrast, a positional change of ECG lead is helpful in some cas-
es. Recently, researchers have reported that the Brugada syndrome 
could be identified more easily using HICS for ECG.15-17) Brugada 
syndrome is a disease with a high risk of sudden cardiac death re-
lated to ventricular fibrillation in healthy adults. It is characterized 
by coved-type ST-segment elevation in the right precordial leads, 
but it is not easily detected in asymptomatic patients.18)19) ECGs re-

Table 1. Comparison of the QRS duration and QTc interval on 12-leads ECG between groups

Lead
Group 1 Group 2 Control

QRS (msec) QTc (msec) QRS (msec) QTc (msec) QRS (msec) QTc (msec)

I 120.70±18.71* 352.98±53.79 115.33±16.70* 373.33±28.19 88.85±15.66 366.89±24.27

II 125.17±59.54* 376.31±52.24 107.33±21.16* 383.00±38.67 88.56±15.70 370.05±21.65

III 110.00±21.08* 376.85±50.31 104.44±31.46* 395.55±77.34 87.24±17.57 365.11±23.12

aVR 113.50±21.00* 381.75±38.25 110.66±24.56* 377.22±33.39 87.41±15.12 367.24±23.33

aVL 112.36±21.86* 366.84±40.46 105.11±21.52* 370.95±53.70 85.80±15.13 353.56±26.12

aVF 109.29±18.34* 374.56±50.23 106.88±24.92* 371.30±50.20 84.82±14.68 361.20±26.65

V 1 122.80±31.78* 384.47±52.16† 127.11±18.59* 390.00±90.39 99.31±11.44 360.74±23.12

V 2 118.24±19.16* 389.73±42.55 116.33±13.68* 395.33±79.90 99.88±11.64 369.59±27.50

V 3 112.45±20.36* 384.91±38.38 116.55±16.21* 385.59±58.00 93.10±14.22 373.04±25.66

V 4 111.49±15.40* 385.17±37.82 110.36±14.22* 379.44±31.85 89.94±12.88 372.81±24.49

V 5 111.31±15.46* 380.96±31.81 108.00±12.26* 374.44±33.96 88.27±14.93 372.29±24.35

V 6 111.28±15.25* 380.00±52.64 113.55±11.01* 372.22±35.29 88.33±14.74 370.80±25.34

V 1 in 3rd ICS 119.21±21.53* 377.10±40.80 127.77±28.49* 383.44±46.62 93.50±17.43 368.85±29.26

V 2 in 3rd ICS 113.68±19.43 373.94±35.08 120.33±20.97 374.88±51.53 106.32±44.50 367.64±30.56

V 1 in 2nd ICS 123.33±20.39* 387.36±40.08 131.11±29.09* 389.88±78.36 99.19±13.05 367.06±31.45

V 2 in 2nd ICS 116.84±24.15† 389.73±73.44 117.11±22.77 404.22±77.71* 103.04±16.96 360.57±25.84

*p<0.01 vs. group 3, †p>0.05 vs. group 3. ICS: intercostals space, ECG: electrocardiogram, QTc: corrected QT

Table 2. Comparison of the QRS duration and QTc interval on ECG at precordial leads (V 1 and V 2) between groups according to the positional change 

Lead
Group 1 Group 2 Control 

QRS (msec) Difference QRS (msec) Difference QRS (msec) Difference

V 1

2nd ICS 123.33±20.39 -0.52±22.50 131.11±29.09 -4.00±15.11 99.19±13.05 0.05±8.37

3rd ICS 119.21±21.53 3.59±23.67 127.77±28.49 -0.66±17.82 93.50±17.43 5.42±13.33*    

4th ICS 122.80±31.78 127.11±18.59 99.31±11.44

V 2

2nd ICS 116.84±24.15 1.40±20.73 117.11±22.77 -0.77±15.89 103.04±16.96 -3.23±16.63

3rd ICS 113.68±19.43 4.56±15.44 120.33±20.97 -4.00±17.37 106.32±44.50 -7.28±42.44

4th ICS 118.24±19.16 116.33±13.68 99.88±11.64

Difference means the degree of the change between the 4th ICS QRS and 3rd ICS QRS and between the 4th ICS QRS and 2nd ICS QRS. *p<0.05. ICS: inter-
costals space, ECG: electrocardiogram, QTc: corrected QT
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corded with precordial leads (V 1 and V 2) in the HICS (3rd ICS) are 
considered to reflect the potentials of the RVOT and are thought to 
be useful for detecting the Brugada sign.15-17) The J wave of the Bruga-
da syndrome is generated by a voltage gradient across the myo-
cardial wall of the right ventricular outflow tract. It can be recorded 
only by electrodes located very close to the site where that phenom-
enon originates. The positional change of the right precordial lead 
electrodes at one or two intercostal spaces above their conven-
tional positions may reveal the diagnostic pattern.20) 

Unlike cases with trans-annular incision and right ventriculotomy, 
sometimes, cases with patch closure for VSD can show postopera-
tive RBBB because of injury of the proximal part of the right bundle 
branch.

From these previous studies, we considered that HICS-ECG lead 
position might cause alteration of QRS duration in patients with 
RVOT repair because HICS-ECG lead position may be closer to RVOT, 
and that it may be helpful to detect early significant prolongation 
of QRS duration. We attempted to compare the change of QRS du-
ration by HICS-ECG in two different patients’ groups with CHD and 
postoperative RBBB. However, there was no significant difference be-
tween traditional standard 12-leads ECG and HICS-ECG in the groups. 
We were also not able to find a difference between the RBBB by right 
ventriculotomy and the RBBB by patch closure for VSD. In contrast 
with our expectation, the positional change of ECG leads didn’t have 
a significant effect on the change of QRS duration after cardiac 
surgery. 

Electrocardiograms at the 3rd ICS showed significantly decreased 
QRS duration in the control group. Although it was insignificant, 
ECGs at 3rd ICS showed decreased QRS duration in group 1. This re-
sult suggests that, like the previous study,14) alteration of ECG lead 
position may cause alteration of ECG readings and meaning. 

In the present study, the small number of patients and the hetero-
geneous age group are major limitations. Although 74% of the pa-
tients were less than 5 years old, the patients’ age was variable, and 
the difference of QRS duration according to age was not considered. 
Second, a patient’s cardiac condition was not considered. RV volume 
and pressure loading caused by PS and PR in patients with TOF re-
pair might have an effect on QRS prolongation related to ventricular 
arrhythmia. Most patients enrolled in the present study did not have 
significant PR or PS, which was confirmed by echocardiography per-
formed during the follow-up period, and, therefore, the effect of RV 
loading by PS and PR might not be significant. 

In conclusion, although the positional change of ECG leads did 
not result in a significant effect on measuring QRS duration after 
surgery, ECG leads at the 3rd ICS rather than 4th ICS may cause al-
teration of ECG reading. Therefore, we suggest that it is necessary to 
record ECG as in accurate a position as possible. 
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