US005862805A

United States Patent [ (1] Patent Number: 5,862,805
Nitzan 451 Date of Patent: Jan. 26, 1999
[54] APPARATUS AND METHOD FOR Nitzan et al. “A Device for Reliable Recording of the

MEASURING THE VARIABILITY OF
CARDIOVASCULAR PARAMETERS

[75] Inventor: Meir Nitzan, Mizrach Benyamin, Israel
[73] Assignee: Optelmed Ltd., Israel
[21] Appl. No.: 744,816
[22] Filed: Nov. 6, 1996
[30] Foreign Application Priority Data
Nov. 16, 1995  [IT]  Ialy .ooooveeecerieeeeeveeeeseeeereesonens 116020
[51] It CLE e A61B 19/00
[52] US.Cl ... ... 128/898; 600/479
[58] Field of Search .........ccccccoeecnenenncneee 128/666, 667,
128/898; 600/481, 480, 485, 479, 507
[56] References Cited
U.S. PATENT DOCUMENTS
3,980,075 971976 Heule .ooeeeeeeeeeeeeeereeesreese 128/666
4,834,107 5/1989 Warner
5,379,774  1/1995 Nishimura et al. ....cc.ccceeeeueeene 128/666
5,423,322  6/1995 Clarke et al. ... ... 128/672
5,632,272 5/1997 Diab et al. ....ccoevvviviiniiinnne 128/633

OTHER PUBLICATIONS

Ratner et al. “Analysis of the Photoplethysmographic Sig-
nal” SPEI (1972):410-15, Dec. 1992.

Nitzan et al. “Faster Procedure for Deriving Regional Blood
Flow by the Noninvasive Transient Thermal Clearance
Method” Ann Biomed Engineering (21):259-62, May 1993.

Photoplethysmographic Signal” SPIE (2084): 171-177, Sep.
1993.

Nitzan et al. “Infrared Radiometry of Thermally Insulated
Skin for the Assessment of Skin Blood Flow” SPEI 33(9):
2953-7, Sep. 1994.

Nitzan et al. “Spontaneous Low Frequency Fluctuations in
Finger Blood Volume, Measured by Photoplethysmogra-
phy” SPEI (2631): 84-91, Sep. 1995.

Ugnell et al. “The Time—Variable Photoplethysmographic
Signal; Dependence of the Heart Synchronous Signal on
Wavelength and Sample Volume” Med Eng Phys 17(8):
571-8, Dec. 1995.

Schnall et al. “A Rapid Noninvasive Blood Pressure Mea-

surement Method for Discrete Value and Full Waveform
Determination” J Applied Phys. 80(1):307-14, 1996.

Primary Examiner—Mickey Yu
Assistant Examiner—Kelly O’Hara
Attorney, Agent, or Firm—Rogers & Killeen

[57] ABSTRACT

Apparatus for measuring the variability of cardiovascular
parameters, having a photoplethysmographic (PPG) probe,
including a modulated first light source and a photodetector,
a demodulator connected to the photodetector for demodu-
lating PPG signals detected by the photodetector, an analog
to digital converter for digitizing the demodulated signals,
and a processor for repeatedly analysing the PPG signals for
a predetermined number of times. A method for measuring
the variability of cardovascular parameters.

4 Claims, 4 Drawing Sheets
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