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Summary

The high-frequency components of the surface QRS was analyzed quantitatively in 87 normal
infants and children. The subjects were categorized in 4 groups by age; Group A : one day (n=27),
Group B: 1-5 years (n=20), Group C: 6-10 years (n=20), Group D: 11-15 years (n=20), and
the results were compared among the 4 groups. Signal-averaging and high-pass, bidirectional and
digital filtering were used for analysis. The total duration of the QRS, the duration of the low-
amplitude signals (<40 1V) in the terminal portion of the QRS (U 40), the amplitude of the signals
in the QRS (RMS; QRS) and the amplitude of the last 40 msec of the QRS (RMS 40) were mea-
sured at high-pass filter frequency settings of 25, 40, 60 and 100 Hz. Statistical analysis was per-
formed with the unpaired t-test. Differences were considered significant if p<0.05. The results were
as follows:

1. At all filters, the durations of the QRS and U 40 were longer in the order of Groups A<
B<C<D, and the amplitude of the RMS; QRS and RM 40 were greater in the order of Groups
D<C<B<A.

2. There were significant differences in the QRS between the groups at all filters.

3. There were significant differences in U 40 between the groups except between Groups B
and C at 25-Hz filter, but at 40-, 60-, 100-Hz filters, there were no significant differences among
Groups B, C and D.

4, There were significant differences in RMS ; QRS among the groups except between Groups
C and D at 25-, 40-, 60-Hz filters, but at 100-Hz filter, there were no significant differences between
Groups A and B, and Groups C and D.

5. There were significant differences in RMS 40 among the groups except between Groups
C and D at all filters.

In conclusion, the parameters of the signal-averaged electrocardiogram varied with age in
normal infants and children. It is necessary to determine the age-dependent normal range of the
signal-averaged ECG parameters, since the values of these parameters vary at different filters.
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EREMEFEER (signal-averaged elec-
trocardiography : SAE) <%, ER=gIIN=Es T |
WT, QRS f&REgIic 81 IR EBLL, BEBKOE
FERHTB LR TERY. chbnEEE,
R, BEFE, M &, —ERIb Lz Ok
IR 2BIE L - BSESI 2 KL L T\ 59,
FRODABE~y i X Yl & h 5 frag-
mented electrogram LB LY, TR —7~
D REGRICIIVRBELTVWE L nbh Ty
557, oy, RAFERICE VTR, DGEE
BRIEIRBLOHIE 72 I T4+ 2 D EMERE D
REHICAW S, 2OBELZWIS, JRFIC
BHREPD R0, EREORS LAV, i
AT IC L 3883202, KR CifhE
ELER LR EMck v BleTszebezz
bh s, EFE/NRICRIT 3EEM O SAE o
FREEICO>WT, HREEEE LS ¥ R
LicoTHET 5.

i

MNRELVHE

MBI DREBLUOREREA LAVWER/NR
87 (1 B~15%) T, BB L OREHE
HELERTREEEZRDRWHITH 3.

Thb 87 FlR AR T B (A BE: 27 41,
1+0H, ¥#+SD), 1~5% (B #:2041, 3%
£11 3 A), 6~102% (C E: 204, 72+11 5
) 11~152 (D #2: 204, 13%+10 » ) o
ABCHT TR L.

44 Arrhythmia Research Technology #ln
LVP 101PC %{Ef L, Simson? oFEEzHW
T SAE %EH Lz, hROERIZ, <7 P
EX» Frank Hilizckiys X, Y, Z FHi#E i
T 2=2o0FEHFE X FHE: Ve & Ve, Y
T F—MERE L% & EEETRWE TR,
Z %V L Vg, 77— AEBHHRINETH)
EFRHWTAS, BREHIEL, analog filter & L
T 250 Hz o {&ig @@ sk as (low-pass filter: <

F—U—RFHE) THIERMLE L 2%, 16bits,
4,000 samples/sec 1zT A-D L. ZDF
TENMEBD I LEOIO 8RR L LTRE
L, 208 LHDEBEMNOBERED 2 EU EoR
LB 5 L5 RESMEL LV 4 XDEVL
WEBRS L, EXEFRED QRS # o BH 4 A]
100 msec 2% 512msec iz > TEHMEL
foo FHMERZEF20ET, ara—F—i
XY N % 1T 2 v, B ERIME S &
BYBRWT /A XEBELE. 20WTIDF—#
%, QRS o#Jic ringing #4£ULR2WE 5 iz,
¥ QRS BoihE v 725 40 msec * TR
et LNES R I8 Liztg, ST 4y s o Be sl
DF IR CRRE TIRKE 21729 ZhFMtk7 4
NE—FRELT, 25Hz Pl koo BEERS & 1B
LB BB OEREEof. ZLTHBELVE
bhizfEE% vX2+Y2+Z?2 o filtered vector
magnitude signal & LCEHEL, &KXEOFE
Bk & O BALD ELXNE (root mean square:
RMS) #&#IL7-. Filtered QRS o onset ¥
X ¥ end-point {3, /4 AR ZRE L, 5 msec
TLOREOFHER ) A4 X v ROV OFEHE+
3SD L 723K mid-point X ¥ RH =Y. &
BobievNE TR ES R EICE S5 /A XL
AiE 0.6 4V UTTHY, BREFRFHUMNFTET
bote.

SAE oERAEE L LcEHIEER 3 TRIoR
F5HET, & SAE oFHfEizonT, £40
B CHERET L 72 (Fig. 1).

1) Filtered QRS o #5#ErER] (msec): QRS

2) Filtered QRS ofREizB 175 40 2V LL

T o EErE (msec): U40

3) Filtered QRS o B » EXE (¢V):

RMS; QRS

4) Filtered QRS & KEp 40 msec DX »

BALOERE (#V): RMS 40

Th b D& RIREMEIC 2N TH & FigERS IR
22 (high-pass filter) % 25Hz, 40Hz, 60 Hz,
100Hz ic&bs TR L. 2ToOFHRIER
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Total QRS 89
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Total QRS 182.6
Last 40ms 36.4
Noise .4
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Fig. 1. Method measuring of the signal-averaged electrocardiographic parameters.

The duration of the QRS was measured using computer-selected end-points. The duration of the
QRS<40 ¢V was measured from the point where the terminal QRS falls below 40 ¢V to the end of
the QRS. The root-mean-square (RMS) of the last 40 msec of the QRS is shown by the shaded area.

QRS =duration of the filtered QRS ; U 40=duration of the low-amplitude signals (<40 £V) in the
terminal portion of the QRS ; RMS 40=amplitude of the signals in the last 40 msec of the QRS.

P+ BRFE R L.

HatFAMRA I Student’s t-test zHv, fERR

B 5% LLTE#EZLLED,

¥ S

2RI T, FHBIET 5128w QRS,
U40 kL, RMS; QRS, RMS 40 @/

L.
1. #iEEk#% 25~250 Hz (Fig. 2)

QRS i1, A B 58.5+7.1, B B 76.5+8.6, C
Bt 84.4+9.5, D # 94.2+12.6(msec) &, BT
HEELB . U40 2 A B 82426, B o

12.9459, C # 16.3+7.8, D # 17.5+7.8 (msec)
& B, C gfIs L C, D MR 7=4R
BcHEEZEZ#®E» . RMS; QRS i3, A #
746.1+176.0, B & 595.0+296.0, C g 385.3+
189.5, D &% 284.8+130.8 (»V) &, C, D ®pz
BRWIBHEITHEEZ 2D, RMS 40 13, A
B 699.1+241.4, B 8 244.3+166.1, C g 151.3+
729, D # 126.8+82.3(uV) &, C, D g%k
WA BB TEEEZ2RD .

2. HEAKEH40~250 Hz (Fig. 3)

QRS ix, A # 584+77, B g 77.4+93, C
B 80.5+8.5, D g 90.5+11.6 (msec) &, &RLR
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Fig. 2. Comparison of the QRS among groups A, B, C and D at 25-Hz filter.

Values are means+SD.
Kk kkk

Others : see Fig. 1.

THEEERBED. U40 i3, A # 102+49, B
#162+5.5 Cg£18.2+9.2, D £ 19.7+ 5.6 (msec)
L, A Lo SBE TEEELRD . RMS;
QRS %, A gt 416.8+118.4, B # 290.7+124.9,
C 7% 184.7+83.9, D ¥ 148.9+57.8(1V) &, C,
D #zBRVWIERHTHEEZERD . RMS
40 3, A 8 382.0+1429, B g 153.3+99.8, C
# 107.1+61.1, D #f 83.1+49.2(nV) &, C, D
HEEZBRVWEAHEICTAEZERD L.

3. AN 60~250 Hz (Fig. 4)

QRS %, A # 559+6.1, B g 72.0+9.3, C
% 79.4+8.4, D £ 89.4+10.8 (msec) &, FFM
CHEERBDI. U40 13, ABE12.9+4.6, B
18.8+6.0, C & 22.1+4.0, D #f 22.1+6.3 (msec)
L, A BLibhoSBETERZ RO . RMS;
QRS i3, A 8 196.6+68.8, B f% 147.4+56.4, C

: p<0.05, p<0.01 and p<0.001, respectively, by analysis of variance.
RMS QRS =amplitude of the signals in the QRS.

BT 98.9+29.3, D g 83,5+28.7(pV) &, C, D
B ERVLBETAEEE2R® . RMS 40
T A Bf 244.7+203.7, B g 111.2+69.9, C #
70.6+34.1, D g 56.3+29.1 &, C, D %
BRI EHETHERELR DI

4. SEER 100~250 Hz (Fig. 5)

QRS i, A 3¢ 548+5.6, B £ 69.7+8.6, C
2 76.8+8.6, D zf 86.8+9.9 (msec) &, C, D
B RABETAEERRDE. U403, A
% 16.0+4.5 B g 26.4+7.3, C & 28.5+8.7,
D # 30.7+69(msec) &, A, C i, A, D
B, B, DB cAEZELR® . RMS; QRS
1, A B T75.7+42.8, B B 62.2+22.1, C g£ 45.2
+12.1, D 2 42.7+13.5(xV) &, A, C #f, A,

D #f, B, C 2, B, D R THEZ LAY
7. RMS 40 13, A Bt 83.2+49.6, B B 59.6+
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Fig. 3. Comparison of the QRS among groups A, B, C and D at 40-Hz filter.
Abbreviations and details as in Figs. 1 & 2.

Fig. 4. Comparison of the QRS among groups A, B, C and D at 60-Hz filter.

Abbreviations and details as in Figs. 1 & 2.
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Fig. 5. Comparison of the QRS among groups A, B, C and D at 100-Hz filter.
Abbreviations and details as in Figs. 1 & 2.

26.6, C #¢ 37.5+12.8, D & 36.1+19.3(xV) &
A, C #, A, D #f, B, C £/, B, D #
THEEEZERRD .

MR, EBLLLIFBRLREL kBT L
P, FEROIES, BEERKBRTERERHICS
WT, % SAE o HHELEEOHEENR D 51\
P uat Uiz (Tablel). Z R, 4 L& SAE
DOEBIME & Oz i, 60~250Hz »» U40 &
100~250Hz o QRS %[ i-fho+~_TDIE
HizgnwT, QRS, U40 2 Lo EERE
%, QRS; RMS, RMS 40 # ¥ nEA0E
WEZEZRAMHEEZ R L. Thigxtl, &
L4 SAE oFAMEL o IciE, QRS %
U40 TRz AEEZOMHEEIRE ®» ¥, QRS;
RMS, RMS 40 7 & 0B 0 EMHETHE 2
BT, &0 (CHI A KR EN T, 25~
250 Hz, 40~250 Hz ©J 45, 60~250 Hz, 100~
250 Hz iz b LIHBIRE R RIFTH - 7.

e =3

1978 42, Berbari &2 3 EHhnEEs A, #)
O TERMIGRIEBM 0 IFFBMA R TR Zh L
7. & biz Simson!, Rozanski &2 3% x ¥y
EEcX Y, BEEME QRS %) o KEA
BRABEES L LTHRIEL, ¥ LE0OEHAK
WOBMSREFTRETSH S Z & 5 6, SAE i
FR AR C i DR E# 0 LEMRR O RS,
DFEEPERELZRbTHEL LTHLATY
5309, FEIALOMVEBMERE T DI
i, 1) #E, KWk 2) HEM 3) Y27 A
JA X EDRBAVRIEE 252, SAE vk
REBNEEFEZH VWD LICXYVFIVEL)
AR, 10~20uV )4 L%
14V AT+ 2ZEBRAIEEL S SEIOFK A
okETh, 2FlT/ LA v 0.6 4V LA
T L BIFARBEMNTRETH »7z. Berbari 520
Y25 LTI, filtering izt - T, QRS n#F
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Table 1. Coefficients of correlations between
age, body surface area and parameters
of the signal-averaged electrocardio-

gram
Parameters Age Body surface area
25-250 Hz
QRS 0.8322%** —0.4109
U40 0.4997%** 0.0972
RMS; QRS  —0.6672%** —0.8186%**
RMS 40 —0.7168*** —0.6445%**
40-250 Hz
QRS 0.6614%** —0.3173%*
U 40 0.4349%** 0.0277
RMS; QRS  —0.6279*** —0,7625%**
RMS 40 —0.7021%** —0.6366%**
60-250 Hz
QRS 0.2210* —0.2606*
U 40 0.1756 —0.1064
RMS; QRS  —0.6807*** —0.7612%**
RMS 40 —0.5080%** —0.4810%**
100-250 Hz
QRS 0.2103 —0.0393
U 40 0.2242* 0.0077
RMS; QRS —0.6276%** —0.9811*+*
RMS 40 —0.5158%** —0.7060%**

Abbreviations as in Figs. 1 & 2
*: p<0.05, **: p<0.01, ***: p<0.001.

iz ringing LIRIFNB7—F 777 BELHIE
NEEREES MR H B, Simson!! DFETEZH
M7 4 V& —&ER LT ringing BELRVWE
51z L, 78> vector magnitude ZFHWTH
FEDEEE2 2 LTWA LW HIFIERDS. &
D=, LDERED ST gy T gol&ERkR
HEBRETBZ LN TE, QRS KKRFOWIE
POBRHBES Lol

BLSAEHEEACE, OEMWER 2 £ © malig-
nant ventricular arrhythmia o F&#FICY =
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— D&M L LT, unidirectional block &
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Fifi+ 14/ 72 fragmented electrogram 332 %
bh, BEEBMLFFIhTWE!D., SHEOFEA
DT, EH/NNEST FiT, Simson? DEAE
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.
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DEBEEN 2 & OEE S h il B EE
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= B3
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£ #
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Fefers : QRS, 40 4V LUTF 0 BAL O FrEreRT -
U 40, QRS o &\ »FESHE : RMS; QRS, QRS
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