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Estimation of Continuous Blood Pressure with Amplitude of Photoplethysmogram and Pulse Transit Time of
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Background: The amplitude (AMP) of Photoplethysmogram (PPG) is used as a marker of vasodilatation. The pulse transit time
(PTT), which shows a good correlation with blood pressure (BP), is not strong enough to detect the changes in BP. This study examined
the sensitivity of the combined effect of the finger and toe AMP, and the PTT of PPG as a marker of the changes in BP during general
anesthesia.

Methods: Forty patients receiving maxillofacial surgery under general anesthesia were enrolled in this study. During surgery,
the intra-arterial BP, ECG, finger and toe PPG signals were measured. Using the R-wave from the ECG, the AMP and PTT
was derived from PPG data. The correlation between BP and PPG parameters (AMP and PTT) were compared. New parameters
that show high correlation with the BP were found. Regression equations for calculating the BP using the PPG parameters were
formulated.

Results: The new parameter, log (fingerAMP/tocAMP), showed the highest correlation in each patient (mean correlation
coefficient in the systolic BP: —0.846, diastolic BP: —0.858). However, when the data from all 40 patients were combined, the
correlation coefficient of the toe PTT was highest (systolic BP: —0.726, diastolic BP: —0.646). The regression equation showed
the highest correlation between the actual BP and calculated BP when the toe PTT and log (fingerAMP/tocAMP) were included.

Conclusions: The AMP of the toe and finger PPG can be used to estimate the invasive continuous blood pressure. (Korean
J Anesthesiol 2007; 53: 159~ 68)
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Table 1. Characteristics of Patients (n = 40)

Age (yr) 27.6 + 11.9 (18—64)
Sex (M/F) 15/25
Weight (kg) 58.0 + 10.9 (43—103)
Height (cm) 165 + 8.4 (149—182)
Duration of PPG sampling (min) 9.8 £ 6.9 (2—30)
Maintenance anesthetics (cases)

Enflurane & N,O 11

Isoflurane & N,O

Sevoflurane & N,O

Desflurane & N,O 6

Propofol & remifentanil 11
Operation name (cases)

Cyst enucleation 6

Orthognatic surgery 34

Values are number or mean + SD (range). PPG: photoplethysmogram.
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Fig. 1. We assembled two photoplethysmogram (PPG) devices. Each
device has a PPG sensing probe, a signal connector, and a dial which
controls amplitude of output signal.
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Fig. 2. Schematic graph of
collecting data. The two
photoplethysmogram  (PPG)  probes
connect to the PPG device. The
patient monitor (Cardiocap II) sends
out intra-arterial blood pressure
(IBP) and ECG signals. IBP, ECG
and 2 PPG signals enter an ana-
logue-to-digital converter (AD con-
verter) and a personal computer
(PC).

Fig. 3. Detection method of photop-
lethysmogram (PPG) amplitude (AMP)
and pulse transit time (PTT). AMP is
defined as the distance between maxi-
mum and minimum value of PPG
signal between the two ECG R-peaks.
PTT is defined as the time delay bet-
ween the ECG R-peak and the maxi-
mum first derivative point of the PPG
(dPPG) signal.
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Fig. 5. Correlation scatter plot of systolic blood pressure (SBP) and photoplethysmogram (PPG) parameters. FingerAMP (A), fingerPPT (C), toePPT
(D) presented high negative correlation with SBP in each patients. However toeAMP showed irregular pattern or weak positive correlation (B).
When all patients conjoined together the inter-patient difference was high in fingerAMP (A). AMP: amplitude, PTT: pulse transit time.
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Fig. 6. Correlation scatter plot of diastolic blood pressure (DBP) and photoplethysmogram (PPG) parameters. FingerAMP (A), fingerPPT (C), toePPT
(D) presented high negative correlation with DBP in each patients. However toeAMP showed irregular pattern or weak positive correlation (B).
When all patients conjoined together the inter-patient difference was high in fingerAMP (A). AMP: amplitude, PTT: pulse transit time.

Table 2. Correlation Coefficient between Blood Pressure and PPG Amplitude or PTT in Each Patient and Conjoined Data (n = 40)

In each patient Conjoined 40 patient data
PPG parameter (50 samples in each patient) (Total 2,000 samples)
Systolic BP Diastolic BP Systolic BP Diastolic BP

fingerAMP —0.773 + 0.276 —0.836 = 0.231 —0.363 —0.494
tocAMP 0.382 + 0.655 0.327 + 0.674 0.212 0.069
fingerPTT —0.764 + 0.305 —0.649 *+ 0.353 —0.589 —0.324
toePTT —0.842 + 0.214 —0.766 + 0.252 —0.726 —0.646
fingerAMP/tocAMP —0.811 = 0.161 —0.817 = 0.172 —0.396 —0.378
log (fingerAMP/toeAMP) —0.846 + 0.166 —0.858 + 0.183 —0.495 —0.455

Values are number or mean + SD. BP: blood pressure, PPG: photoplethysmogram, AMP: amplitude, PTT: pulse transit time. All correlation
parameter were significant (P < 0.05).
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Table 3. Regression Equations Using PPG Parameters to Estimate Blood Pressure and Correlation Coefficient between Actual Blood Pressure and

Calculated Blood Pressure

PPG parameters Regression equation (calculated BP =) Sg;;l:it;?
Systolic BP

FingerPTT 203 — 617 fingerPTT + 2.2 age — 0.0004 age3 + 0.5 weight 0.67

ToePTT —181 + 186 toePTT 0.76

LogAMP 144 — 12 logAMP + 12 sex 0.54

ToePTT, logAMP —33 — 7.8 logAMP + 159 toePTT ' — 28 weight + 0.02 weight2 0.82
Diastolic BP

FingerPTT 78 — 265 fingerPTT + 8 sex + 1.9 age — 0.0003 age3 0.61

ToePTT 250 — 315 toePTT™ + 1.5 age — 0.7 weight — 0.0003 age’ + 0.0001 weight’ 0.75

LogAMP 34 — 8.8 logAMP + 13 sex + 0.52 height — 1.3 weight + 0.0001 weight3 0.60

ToePTT, logAMP 184 — 53 logAMP — 270 toePTT" + 8 sex + 0.4 age + 0.5 height 078

— 1.1 weight + 0.0001 weight’

The regression equations had the highest correlation coefficient when toePTT and logAMP were included with demographic information. BP: blood
pressure, PPG: photoplethysmogram, AMP: amplitude (arbitrary unit), PTT: pulse transit time (sec), logAMP: log (fingerAMP/tocAMP) (no unit)

weight (kg), age (yr), height (cm), sex M = 0, F = 1).
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