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Summary :  The purpose of these studies is to evaluate hemodynamics by the second
derivative of the finger-tip plethysmogram (FPTG). We developed a new digital signal
processing method for differentiation of the FPTG signal. By our new method, we can
understand the exact correspondence in phase between the FPTG and its second derivative.

(1) Subjects were ten patients with ischemic heart disease. ECG, the second deriva-
tive of the FPTG by the analog signal process (d*FPTG,), and that by the digital signal
process (d*FPTGy,) were recorded simultaneously. Time intervals from peak of the R wave
of the ECG to each peak of the d?FPTG,or d*FPTG, were measured. The intervals
determined from the d*FPTG, were significantly longer than those obtained from the d?
FPTGp. In the d*FPTGy, the interval from the “a” wave peak to the “e” wave peak can
be measured as left ventricular ejection time (ET). During diagnostic cardiac catheteriza-
tion, right atrial pacing was performed at the rates of 60, 70, 80, 90, 100, 110, and 120/min.
At each pacing rate, we measured the ET a total of 50 times by pressure pulse waves of the
left ventricle and ascending aorta, the FPTG, and the d2FPTG,. The ET determined from
the FPTG or the d*FPTGy correlated very closely with that obtained from invasive data.

(2) Subejcts were 22 patients with ischemic heart disease. Following intravenous
nicardipine administration, the %’ wave height of the d?FPTGyp decreased, and the “d”
wave height increased significantly.

Conclusions | (1) Measurement of the ET using the d?FPTG, is beneficial for
noninvasive evaluation of cardiac systolic performance. (2) Heights of the “c” wave and
the “d” wave of the d*FPTG, are beneficial parameters for estimation of left ventricular
afterload.
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Fig. 1. Electrical circuits for recording FPTG (Fukuda Denshi, Ltd. PT-300).
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Fig. 2. Electrical circuits for recording dFPTG,, d*FPTG,, dFPTGp, and d?
FPTG, (NEC Sanei, Ltd. 7T-18A).

FPTG : finger-tip plethysmogram, dFPTG, : the first derivative of
the FPTG by analog signal processing, d?’FPTG;, : the second deriva-
tive of the FPTG by analog signal processing, dFPTG, : the first
derivative of the FPTG by digital signal processing, d*FPTGy, : the
second derivative of the FPTG by digital signal processing, TC : time

constant.
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Fig. 3. Simultaneous recordings of ECG, FPTG, dFPTGp, and d*FPTG,. Five
peaks of the d*FPTG,, are shown.

ECG : electrocardiogram,

FPTG : finger-tip plethysmogram,

dFPTGy : the first derivative of the FPTG by digital signal processing,
d*FPTGy : the second derivative of the FPTG by digital signal process-
ing, S’ : starting point of systolic upstroke limb in the FPTG, C: point

of dicrotic notch in the FPTG,
wave, ¢ : peak of “c” wave, d : peak of “d” wave, e : peak of

a : peak of “a” wave, b : peak of “b”

«an

e wave.
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Fig. 4. Simultaneous recordings of ECG, FPTG, dFPTGy, and d*FPTG,. Left
ventricular ejection time can be measured from FPTG and d*FPTGp.

ECG :

electrocardiogram, FPTG

. finger-tip plethysmogram,

dFPTGy : the first derivative of the FPTG by digital signal processing,
d*FPTGyp : the second derivative of the FPTG by digital signal process-
ing, S’ : starting point of systolic upstroke limb in the FPTG, C : point
of dicrotic notch in the FPTG, ET: : left ventricular ejection time
detemined from the FPTG, ET) : left ventricular ejection time deter-

mined from the d*FPTGp.
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Fig. 5. Comparison of characteristics between analog and digital signal processings.
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Fig. 6. Simultaneous recordings of ECG, FPTG, dFPTG,, d*FPTG,, dFPTG,,
and d’FPTGy.

ECG : electrocardiogram, FPTG : finger-tip plethysmogram,

dFPTG, : the first derivative of FPTG by analog signal processing, d?

FPTG, : the second derivative of FPTG by analog signal processing,

dFPTGy, the first derivative of FPTG by digital signal processing, d?

FPTGp : the second derivative of FPTG by digital signal processing.
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Fig. 7. Time intervals from peaks of R wave of electrocardiogram to peaks of d?
FPTGp or d*FPTG,.

R-a :Interval from peak of R wave to peak of “a” wave, R-b : Interval from
peak of R wave to peak of “b” wave, R-c : Interval from peak of R wave to
peak of “c” wave, R-d : Interval from peak of R wave to peak of “d” wave,
R-e : Interval from peak of R wave to peak of “e” wave. mean+SD, n=10,
* %: p<0.01.
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Fig. 8. Changes in left ventricular ejection time (ET) determined from pressure data,

FPTG, and d*FPTG, following transition of pacing rates.
ET: : ET determined from pressure pulse waves of left ventricle and ascending aorta,
ETr : ET determined from FPTG, and ETy, : ET determined from d?FPTGp.
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Fig. 9. Correlations between ETp and ET: or ET). Fig. 10. Changes in the corrected ejection time (ETc)

following nicardipine administration.
ET.=ET+HR-70, mean+SD, *: p<0.05.
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Table 1. Changes in hemodynamic parameters following nicardipine

administration
before after

Heart rate (beats/min) 68.3+8.6 74.6+£8.8**
sBP (mmHg) 120.0+19.7 106.0+16.1**
dBP (mmHg) 58.4+15.4 49.2114.1**
mPAP (mmHg) 11.0+4.1 12.44£4.1**
PCWP (mmHg) 5.7+4.4 5.6+3.6
RAP (mmHg) 3.8£3.1 3.8+2.8
CI (1/min/m?) 3.0+0.4 3.6£0.7%*
SI (ml/beats/m?) 45.2+8.3 48.0+9.8*
SVRI (dynes*sececm™°*m?) 811.3+275.3 608.4+243.5%*

sBP : systolic blood pressure, dBP : diastolic blood pressure, mPAP : mean pulmo-
nary arterial pressure, PCWP: pulmonary capillary wedge pressure, RAP: right
atrial pressure, CI: cardiac index, SI: stroke index, SVRI: systemic vascular resis-

tance index,*: p<0.05,**: p<0.01.
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Fig. 11. Changes in the wave heights of d?FPTG, following nicardipine

administration.
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wave, b : “b” wave, c : “c” wave, d : “d” wave, e : “e” wave.

mean®SD, n=22, *: p<0.05, * *: p<0.01.
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Fig. 12. Schema of the wave form of FPTG. Systolic
and diastolic time intervals can be measured
using this pulse wave. UT ; upstroke time,

RT ; reduced ejection time, ET ; ejection
time, C-S ; time interval diastole.
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