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The changes in signal -averaged electrocardiogram after
surgical correction of congenital heart disease

Yeo Hyang Kim, M.D., Hee Jung Choi, M.D., Gun Jik Kim, M.D.", Joon Yong Cho, MD."
Myung Chul Hyun, MD. and Sang Bum Lee, mD.*

Department of Pediatrics, Keimyung University School of Medicine, Daegu, Korea
Department of Pediatrics”, Gumi CHA General Hospital, Gumi, Korea
Department of Thoracic and Card/ovascu/ar Surgery Kyungpook National University School of Medicine, Daegu, Korea
Department of Pediatrics’ , Kyungpook National University School of Medicine, Daegu, Korea

Purpose : To analyze abnormal ventricular activation in childhood congenital heart disease induced by postoperative changes
in ventricular volume and pressure and ventricular scar formation using signal-averaged electrocardiography (SAECG).
Methods : Fifty-two patients who had undergone open heart surgery (OHS) were enrolled. Patients were divided into the
following 3 groups: right ventricular volume overload (atrial septal defect, group1), left ventricular volume overload (ventri-
cular septal defect, group2), and right ventricular pressure overload (tetralogy of Fallot, group 3). The patients were mo-
nitored by standard 12-lead ECG and SAECG before and 2 months after the operation. QRS duration, QT and QTc inter-
vals, filtered QRS (f-QRS), high frequency low amplitude potential (HFLA), and root mean sguare (RMS) voltage in the
terminal 40 ms of SAECG were determined.

Results : In the preoperative period, group1 showed significant increase in QRS (P=0.011) compared to those of the other
2 groups. In the postoperative period, group3 showed significant increase in the QTc interval (P=0.004) compared to those
in the other 2 groups. SAECG parameters showed no significant differences among the groups in the pre- or postoperative
period. Of the 52 patients, 12 (23%) in the preoperative period and 21 (40%) in the postoperative period had at least
1 SAECG abnormality. The prevalence of SAECG abnormalities was significantly higher in the postoperative group 2 and
group 3 (preoperative: 20% versus postoperative: 28%, &0.001, preoperative: 14% versus postoperative: 64%, £{0.001,
respectively).

Conclusion : Abnormal SAECG patterns may be attributed to postoperative scars, OHS itself, and/or ventricular overload.
(Korean J Pediatr 2009;52:1364-1369)
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1, 27l B3l &wu) A ¥ AA 2 (<0.001, Table 2), 1, 2
T Zroll= Zol7t §ISla, HE A& A 717k F 7He Ao
= AATh

Table 1. Patient Characteristics

Group n Sex (M:F) Mean age (mo, range)
1 13 67 34 (3-166)"

2 25 13:12 12 (1-142)

3 14 9:5 11 (2-15

Total 52 28:24 12 (1-166)

"PX0.05 versus group 3

Abbreviations : mo, month; Group 1, atrial septal defect; Group
2, ventricular septal defect; Group 3, tetralogy of Fallot; n,
number of patients; M, male; F, female

Table 2. Comparison of Operative Parameters across the 3
Groups

Time
Group :
. . Intubation ICU stay
CPB (min) ACC (min) (day) (day)
1 46.23+£15.27 23.46%+12.47 1.08+0.28 2.62+1.19
2 63.48+18.58 42.12+14.64 1.40%£0.65 3.20+3.08
3 115.36+47.63" 80.14+31.47 2.14+1.617 4.00+2.51

Data presented as means +SD (standard deviation)

P<O 01 versus group 1 and 2

TP€0.05 versus group 1 and 2

Abbreviations : CPB, cardiopulmonary bypass; ACC, aortic cross
cramp; ICU, intensive care unit; Group 1, atrial septal defect;
Group 2, ventricular septal defect; Group 3, tetralogy of Fallot
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Table 3. Comparison of Electrocardiography (ECG) Parameters across the 3 Groups

Pre-op Post-op
Group
QRS (ms) QT (ms) QTc (ms) QRS (ms) QT (ms) QTc (ms)
1 86.69+12.29" 324.00+44.03 441.69+39.93 82.15+10.08 318.15+35.97 412.15+25.01
2 70.33£9.03 298.54+34.99 411.38+21.98 80.08+17.96 310.52+26.82 423.12£21.14
3 70.64+8.14 286.21£19.49 412.29+13.51 90.50+21.88" 323.08+25.25" 44525+18.42"°
Data presented as means, +SD (standard dev1at10n)

P0.05 versus pre—op; | P<0.01 versus pre—op:

TP0.05 versus group 2 and 3: *P<0.05 versus group 1 and 2

Abbreviations : ECG, electrocardiography; Group 1, atrial septal defect; Group 2, ventricular septal defect; Group 3, tetralogy of Fallot

Table 4. Comparison of Signal-averaged Electrocardiography (SAECG) Parameters across the 3 Group

Pre-op Post—-op
Group
f-QRS (ms) HFLA (ms) RMS (xV) f-QRS (ms) HFLA (ms) RMS (V)
1 110.23+15.63 23.31+£13.53 94.46+48.57 117.08+£26.20 34.92+24.48 47.64+19.72
2 109.08+29.51 26.00+£25.64 115.33+39.84 109.80+24.22 27.80+19.91 76.00%+46.26
3 95.36+19.72 19.93+14.44 99.56+25.03 123.21+20.68" 26.57+11.52 59.29+36.71

Data presented as means+SD (standard deviation)
P<0.05 versus pre—op

Abbreviations : SAECG, signal—averaged electrocardiography; f-QRS, filtered QRS; HFLA, high frequency low amplitude potential;
RMS, root mean square in terminal 40 ms; Group 1, atrial septal defect; Group 2, ventricular septal defect; Group 3, tetralogy of Fallot
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Table 5. Association between Congenital Heart Disease and Number of Signal-averaged Electrocardiography (SAECG) Abnormalities

Pre-op Post—op
Group
Any abnprmal No criteria 1 criteria >2 criterias Any qbngrmal No criteria 1 criteria >2 criterias
criteria criteria

1 (n=13) 5 (38%) 8 3 2 5 (38%) 8 1 4
2 (n=25) 5 (20%) 20 2 3 7 (28%) 18 3 4
3 (n=14) 2 (14%) 12 1 1 9 (64%) 5 7 2
Total (n=52) 12 (23%) 40 6 5 21 (40%) 31 11 8

Abbreviations : SAECG, signal—averaged electrocardiography; Group 1, atrial septal defect; Group 2, ventricular septaldefect; Group 3,
tetralogy of Fallot; n, number of patients; 1 criteria, the number of patients with 1 abnormality among three SAECG abnormalities,
which are f-QRS >114 ms, HFLA »>38 ms, RMS <20 wV: »>2 criterias, the number of patients with 2 abnormalities or more among

three SAECG abnormalities

(P=0.284, Table 5), 223 3ol & F A% FEs} A
AR ol 2d& Holm A7k gl S7hes waltt
(P<0.001, PX0.001, Table 5).
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