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[18-2]] . The S-T segment is depressed and the T-wave is

ly}?{{{"v extremely small. These abnormalities are caused by the

very slow repolarization which can’ not be shown in the

xE electrocardiogram. As the T-wave normally is slow, the
removal of this waveform component should affect the low
frequency components. In Figure 36b the low frequency

components exhibit the most préfouda changes expecially

“%:: the first, third and fifth harmonics with amplitudes
much larger than those in the normal case spectrum (Figure .

17b). The fourth harmonic is the only peak in the spectrum.

L2
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CONCLUSION

The normal and abnormal electrocardiograms associated
with certain diseases vary with thé individual case
according to the age, sex, size of the body, the ﬁeart

size and its position etc.

The Fourier analysis gives quantitative measures of the
characteristics of the various periodic and random com-
ponents présént. It was not the purpose of this thesis

to derive specific frequency domain criteria for the
interpretation of actural electrocardiograms. This could
be achieved by the application of Fourier analysis tech-
nique to a large amount of clinical records. If a statis-
tically significant large sample of records were analyzed,
then it would be possible to establish a relétion between

the variation of certain harmonics and various diseases.

The frequency amplitude spectrum bf each available cardiac
waveform has been found. The deviation of spectrum from
the normal as related'to the waveform characteristics,
such as width, depth and duration of individual wave

portion has been discussed.

Generally, the P-wave, when compared with the QRS complex
and T-wave, is a small portion of the total waveforms,

therefore small variation in.the frequency amplitude

[
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spectrum would not be so evident from this_nané; If any
variation does oécuf in the P-wave, it would most likely .
appear in the fourth harmonic since it is largely this
harmonic which contributes to the P-wave, The T-wave
contributes energy mostly in the first three harmonics
and possibly the fifth harmonic. Any variation in T-wave
would primarily affect these harmonics. The high fre-
quency range components are mostly contributed by the
steep and tail R-wave. If the R-wave is sharper and taller,
the spéctral envelope would decay more gradually, since
it needs ﬁbre power in the high frequency components to

form such R-wave.

The significant mgximal, minimal, and the largest harmo-
nics are listed in Table 1. From this table one can

see the approximate spectral vériations iﬁ all the cases
discussed., Table 2 lists the highest harmonic for half
power and ninety percent power and fundamental frequency
of the frequency spectrum. The first ten harmonics con-
tribute between 78% to 99% qf the total power and there-
fore are the most significanf harmonics. From our limited
study of samples of electrocardiogram records it appears
that the harmonic analysis of an electrocardiogram may
éiVe some additional information about the disease invol-
ved. Hence we can say that harmenic analysis of the

electrocardiogram provides an extra tool in the diagnosis

>
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of heart-diseases.

The phase frequency spectra of the cardiac waveforms were
also computed. The phase relations need further inves-
tigation and a statistical study of the phase relation

might yield useful information in detecting heart diseases.

*»
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Appendix 1: List of Cases Under Study

Case i: Normal male, 26 years.

Case

Case

‘Case

Case

Case

Case

Case

: Normal male, 30 years.

Morderate left ventricular hypertropy. Male

33 years.Renal hypertension.

: Moderate left ventricular hypertrophy. Male

45 years. Valvular aortic stenosis.

: Marked left ventricular hypertrophy. Femal

43 years. Stenotic’'left ventricular subvalvular

myopathy.

:+ Marked left ventricular hypertrophy. Femal 37

years. Idiopathic hypertrophy.

: marked right ventricular hypertrophy. Femal .

22 years. Pure valvular pulmonary stenosis.

: Marked right ventricular hypertrophy and dila-

tation. Femal 37 years. Auricular septal de-

fect 11 type.

«
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Case 9: Marked right ventricular hypertrophy. Male 62

years. Progressive occlusive pulmonary thrombosis.

Case 10: Right bundle branch block, wilson type.

Male 53 years. Asymtométic%

Case 11: Complete right bundle branch block. Male 56

years. Asymptomatic,

Case 12: Complete left bundle branch block. Male 57

years. No definite heart trouble.

Case 13: Complete left bundle branch block plus my-
ocardial infraction. Male 76 years. Long
standing history of anginal pain with se-

veral acute episodes.

Case 14: Postero-inferior myocardial infraction.

Male 56 years.

Case 15: High posterior myocardial infraction. Male

40 years.

) «>




Case 16:

Case 17:

Case 18:

Case 19:

Case 20:

- 137 -

Antero-lateral myocardial infraction. Male

43 years,

Antero-inferior myocardial infraction, Male

60 years, )

Left ventricular wall infraction. Male 49

~ years,

Anterior wall myocardial infraction. Male

63 years.

Chronic coronary insufficiency. Male 63

years,

- —————
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Appendix 2:
Table 1: A list of significant Maximal, Minimal and

- 138 -

Largest Amplitude Harmonics obtained from the

frequency spectra,

Minimal

Case Maximal Largest Amplitude
No. | Harmonics Harmonics Harmonics
1 2,4,17 '1,3,5 2

2 2,7 _ 1,5 2

3 2,4,6,27 1,3,5,19 2

4 2,4 1,3 2

5 1,3,5,23 2,4,18 3

6 1,3 2,22 3

7 1,3,5 2,4,17 1

8 1,4 3,15 1

9 1,3,5,10 2,4,8 1

10 2,4,6 1,3,5 4

11 2,4 1,3 2

12 2,8 1,6,12 2

13 1,8,16 7,14 1

14 2,4,6,9 1,3,5,8 2

15 2,4,6,21 1,3,5,;5 2

16 1,3,6 2,5,20 1

17 2 1,17 2

18 1,4 3 1

19 1,3,7 2,6 11

20 4 1 . *




i

Appendix 3:
Table 2: A list of Highest Harmonic for Fifty Percent
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Power and Ninety Percent Power, and Fundamental

Frequency of the Frequency spectrum,

Case Highest Harmonic For

No. Fifty Percent | Ninety Percent Fundamental
Power Power Frequency (Hz)

1 5 11 e 2,22 N

2 4 10 2,03

3 5 10 1.96

4 5 13 1,58

5 4 9 1.74

6 3 8 1.65

7 5 11 1,72

8 4 9 1.99

9 5 12 1.69

10 5 10 1.80

11 4 9 1.70

12 2 4 1.61

13 1 3 1.65

14 13 1.72

15 4 9 2,15

16 5 12 1.85

17 3 7 1.61

18 2 9 1.81

19 3 8 2,12

20 4 10 1.91

L 23
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Appendix 4: Computer Program

FOFTRAN TV 6 LEVEl 1, MOD 3 MAIN DATE = 69083
C FREQUENCY NOMAIN ANALYSES IN ELecrnocannlosnans
acey DIMENSTON X
lC(lSO).HC(!OO)'POH(IOOD PPOH(IOO)oAPPOH(IOO)
o \F 20C  REAN(1410) MCASEoNoH
nees 710 T FORMAT(215,F12.10)°
0004 TFIN.EN.999) GO TO 100
neos 44 READ(1,20) (X(1)s1=1,N)
00c6 20 FORMATTIO(FT.2M)
nee? A=N
_neee . FFal. /A
neeo Sx=0
ccte D0 444 1=1,N
_hell 444 Sx=SKex(1)
TTofi? TTASK=SX /A
oc13 SAX=0
CCle DO 441 I=1,N
015 T 441 T SAXESAXFARS (XTI
016 N0 555 I=1,N
cC17 X(1)=X(1)=ASX
Adia 558 X{TT=X{TT/73AX
0019 L=(N/2)~1
L0020 . . .00SC Jsl,l
0621 ) SuNs=h
0022 SUMC=0
0023, DO 40 I=1,N
0C74 AT=1
0025 AJ=J
0026 S(I)=X(I)%SIN(6,2832%A1%AJ/A)
[T 6cet TTOCNI=X( 1 ¥C0S(6, 2ZHI2FRTFRITR)
n028 SUMS=SUMS+S (1)
0€29 40  SUMC=SUNC+CI(T)
0632 — POWTJV=TA#A7 2, TRTSUMS* SUNS+SUNT*SUNT)
W ED HC (J)=SQRT (POW(J)*2 ./ (A%H) )
. 0c22 T(J)=(SUMS) 7L SUMC)
T 70033 TANG (I (ATANIT ()T T*(TR0,.0/3,T416)
0C34 IF(SUMS) 1341414
035 13 IF(SUMC) 15416416
0036 15 ANMGIIY==ARSTANG(IT)
037 , 60 7O 50
___or3g 16 ANG(J)==90-ABSIANG(J))
0039 B ¢ o (Y H
ecac 14  TF{SUMC) 17,450,50
ne4l 17

ANG(J1=90+AB SIANG( J) )
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e me e i mmcemea

FORTRAN IV G LEVEL 1, MOD 3 MAIN DATE = 69083

\___._ 0642 _ G0_T0_50
' 0043 50 CONTINUE
3 0C44 SPOW=0
; 0045 S D0 111 Jslyl
! €C4b 111 “SPOW=SPOW+PON(S)
! €C47 DO 222 Jsll
____004R 222 PPOW(J)=POW(J)*100,0/( SPOW)
0C49 TAPPOW (11 PPON (1)
0cse D0 221 J=2,1
0051 _ 221 __APPOW(J)=APPOW({J=1)+PPOWLJ)
: 0C52 WPITE(3,60) NCASE,FF
I 0053 60 FORMAT(IHO,'CASE NOo*/{15410X4Fb6e4))
L--~~ 0054 WRITE(3,80) (HCIJ)sJ=1,L)
LG 80 FORHAT(IH“.'HARMONICS'I(STZXoFb.Bill)
nCs6 WRITE(3,99) {APPOW(J) yJs1,L)
_ 6657 99 FORMAT(1H0,'A. % POWER'/(5(2XsF6.20)/)
0cse WO TTE(3,90) (PPONIJ) ydsl L)
0059 90  FURMAT(1HO,'% OF TOTAL POWER®*/(S(2X,F643)1/)
___ece0_ _WRITE(3,70) (ANG{J),J=1,L)
0061 70 FORMAT{1HO, 'ANGLE' /{5(2X,FT42))/)
0062 Gh TO 200
L orel 100 RETURN _ . ___
0064 NN
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