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A New Method for Indirect Determination of Systolic
and Diastolic Blood Pressure in the Radial Artery Using Inflection-Points
of Pressure-Volume Curves Based on the Volume-Oscillometric Method

Masamichi Nocawa,  Takehiro Y AMAKOSH]I, ) Kenta MATSUMURA, Shinobu TANAKA,
. . ES ES . . ES
Mitsuhiro Ocawa, Kosuke MoTo1,” Ken-ichi YAMAKOSHI

Abstract A new method is presented for the indirect measurement of systolic (SBP) and diastolic blood
pressure (DBP) in the radial artery. We use the volume-oscillometric method with a wrist cuff and then, utilizing
the photo-plethysmograph (PPG) signal together with cuff pressure measurements, we derive pressure-volume
curves (PVC). The principle of this method, named “PVC inflection-point method”, is to identify the indirect SBP
and DBP using the inflection-points of envelope curves overlaying respectively the lower and upper points of the
photo-plethysmographic pulsation signals superimposed on an arterial volume signal during the volume-
oscillometric procedure. The accuracy of the method was evaluated by comparison with measurements from
arterial catheterization in two healthy subjects. During the test procedure, a prototype PPG sensor for the PVC
inflection-point method was attached to the left wrist, and arterial catheterization of the right radial artery for
was performed to obtain simultaneous blood pressure recordings. The Bland-Altman plots for the comparative
analysis showed good agreements between the two methods for both SBP (+ 23 %= 7.7 (mean = S.D.) mmHg)
and DBP (—1.8 = 6.4 mmHg) measurement. We conclude that the proposed PVC inflection-point method appears
promising to determine indirect SBP and DBP values with appropriate accuracy for convenient and practical use.

Keywords : systolic and diastolic blood pressure, arterial pressure-volume curve (arterial tube law), inflection
points, volume-oscillometric method.
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Fig.1 Schematic diagram of pressure (P) -volume (V)
characteristics in the artery (arterial tube law, which
is obtained by isolated canine carotid artery), repre-
senting the determination of systolic (SBP) and mean
blood pressure (MBP) using the volume-oscillometric
method (Derived from reference [7]). P.: cuff press-
ure; Py transmural pressure (= MBP — P.) ;APs:
pulse pressure (= SBP — DBP) ; Vy: arterial volume
in the unloaded state;AV:arterial volume pulsation;
AVmax: maximal arterial volume pulsation.
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Fig.2 Schematic diagram of the measurement principle for the determination of systolic (SBP) and diastolic
blood pressure (DBP) using inflection-points of pressure (P) -volume (V) curve (PVC inflection
method) based on the volume-oscillometric method. (a) Pe.: cuff pressure; SBPair and DBPa: direct
SBP and DBP; respectively; (b, ¢) PGacs and PGacp: envelopes overlaid lower and upper points of the
photo-plethsmographic pulsation signal (PGuc), respectively; PGvo: arterial volume in the unloaded
state; PGvos and PGyop: inflection points of PGacs and PGaco. ; (d) SBPpv and DBPy..: proposed SBP

and DBP; respectively.
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Fig.3 Schematic block diagram of a prototype system for blood pressure measurement in the radial artery.
EPC: electro-pneumatic converter; PD: photodiode; PG: plethysmogram.
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An example of simultaneous recordings of direct instantaneous blood pressure (P»), cuff pressure
(P.) (upper panel in the left side), and arterial volume (V) signal (PGa) detected photo-
plethysmographically in the radial artery (lower panel in the left), and analytical results showing
the arterial compliance (dPGacs/dP.; upper part), (dPGacn/dP:; lower part) vs. cuff pressure Pe
(right side). Note that P. values corresponding to the maximum compliances indicate indirect
systolic (SBP,.) and diastolic blood pressure (DBP,.). This blood pressure determination method
is named as “PVC inflection-point method” in the present study.
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Fig.5 Bland-Altman plots of blood pressure (SBP;upper panel,
DBP;lower panel) measured by the direct and the
proposed indirect PVC inflection-point method.
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The oscillometric blood pressure measurement signifi-
cantly underestimates arterial blood pressure and
exhibits a high number of measurements out of the
clinically acceptable range. The relation between cuff
size and upper-arm circumference contributes substan-
tially to the inaccuracy of the oscillometric measure-
ment.
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