a2 United States Patent

Dekker

O A

US006702752B2

(10) Patent No.: US 6,702,752 B2

(54) MONITORING RESPIRATION BASED ON

(75)
(73)

(*)

(51)
(52)

(58)

DOCKET

_ ARM

PLETHYSMOGRAPHIC HEART RATE

SIGNAL
Inventor: Andreas Lubbertus Aloysius Johannes
Dekker, Maastricht (NL)
Assignee: Datex-Ohmeda, Inc., Madison, W1
(Us)
Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.
Appl. No.: 10/081,719
Filed: Feb. 22, 2002
Prior Publication Data
US 2003/0163054 Al Aug. 28, 2003
Int: Gl cciniirinses 0 . A61B 5/02
US: Gl 6l]I]f484 6(](]!483 600/500;
600/479
Field of Search . ... 600/484, 483,
6{)()#481 ‘500, 5(?[ ‘a(ll, 504, 507, 508,
476, 479, 480, 473, 475, 529
References Cited
U.S. PATENT DOCUMENTS
3,704,706 A 12/1972 Herczfeld et al.
4,306,567 A 12/1981 Krasner
4,379,460 A 4/1983 Judell
4404974 A /1983 Titus
4510944 A 4/1985 Porges
4,765,340 A 8/1988 Sakai et al.
4.777.960 A 10/1988  Berger et al.
4,781,201 A 11/1988 Wright et al.
4,813,427 A 3/1989 Schlaefke et al.
4,858,638 A 871989 CSerL viiveariissrsisusrennasrss 137115
4,860,759 A 8/1989 Kahn et al.
4,863,205 A 9/1989  Flower et al.
4869254 A 0/1989 Stone et al.
4884578 A 12/1989 Morgenslern
4899760 A 2/1990 Jaeb et al.

0001

(45) Date of Patent: Mar. 9, 2004
4,930,517 A 6/1990 Cohen et al.
4058638 A 9/1990 Sharpe et al.
4,960,120 A 10/1990 DePaola et al.
4,972,842 A 11/1990 Korten et al.
5033472 A 7/1991 Sato et al.
5.078,136 A 1/1992  Stone et al.
5,111,817 A 5/1992 Clark et al.
5,170,794 A 12/1992 Reiche
5,273,036 A 12/1993 Kronberg et al.
5368224 A 11/1994 Richardson et al.
5,385,144 A 1/1995 Yamanishi et al.
5,396,893 A 3/1995 Oberg et al.
5423322 A 6/1995 Clark et al.
5,431,159 A 7/1995 Baker et al.
5,482,036 A 1/1996 Diab et al.
5490505 A 2/1996 Diab et al.
5,511,553 A 4/1996  Segalowilz

5,553,615 A 91996 Carim et al.

(List continued on next page.)
OTHER PUBLICATIONS

Spectral Analysis: Review “Heart Rate Variability”, Lukas
Spieker, hemodynamics.ucdavis.edu, Unknown Publication
Date.

Primary Examiner—Max F. Hindenburg

Assistant Examiner—Navin Natnithithadha

(74) Antorney, Agent, or Firm—Marsh Fischmann &
Breyfogle LLP

(57) ABSTRACT

A pleth signal is analyzed to identify a heart rate variability
parameler associated with respiration rate. In one
embodiment, an associaled process involves obtaining a
photoplethysmograpic signal, processing the pleth signal to
obtain heart rate samples, monitoring the heart rate sample
to identify a heart rate variability associated with respiration,
and determining a respiration rate based on the heart rate
variability. The photoplethysmographic signal may be based
on one or more channel signals of a conventional pulse
oximeter. The invention thus allows for noninvasive moni-
toring of respiration rate and expands the functionality of
pulse oximeters.
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