
FILE MP f 
IN THE UNITED STATES DISTI^g^ COURT 

FOR THE DISTI JC5LOPI3)!H.fS«W5»iR!B;ouRT 

) 
MALLINCKRODT, INC. and NELLCOR |) 
PURITAN BENNETT INC., 

JUN 1 9 2000 

ENTRAL DISTRICT OF C A ' L I F O R N I A 
iY DEPUTY 

Plaintiffs, 

MASIMO CORPORATION and 
IVY BIOMEDICAL SYSTEMS, INC., 

Defendants. 

Civil Action No. 

00- 0 65 0 

8 - 7 9 6 

COMPLAINT FOR PATENT INFRINGEMENT 

Plaintiffs Mallinckrodt, Inc. ("Mallinckrodt") and Nellcor Puritan Bennett Inc. 

("Nellcor"), for their complaint against defendants, Masimo Corporation ("Masimo") and Ivy 

Biomedical Systems, Inc. ("Ivy") (collectively "Defendants"), aver as follows: 

THE PARTIES 

1. Plaintiff Mallinckrodt is a corporation organized and existing under the 

laws of the State of Delaware, and has a place of business in St. Louis, Missouri. 

2. Plaintiff Nellcor is a corporation organized and existing under the laws of 

the State of Delaware, and has a place of business in Pleasanton, California. 

3. Upon information and belief, defendant Masimo is a corporation 

organized and existing under the laws of the State of Delaware, with a principal place of business 

at 2852 Kelvin Avenue, Irvine, California 92614. Masimo is engaged in the business of making, 

using, offering to sell, selling and'or importing OEM circuit boards for pulse oximeters and pulse 

oximeter sensors. 
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4. Upon information and belief, defendant Ivy is a corporation organized and 

existing under the laws of the State of Delaware with a principal place of business at 11 Business 

Park Drive, Branford, Connecticut 06405. Ivy is engaged in the business of making, using, 

offering to sell, selling and/or importing pulse oximeter sensors and pulse oximeters, including 

pulse oximeters incorporating Masimo OEM circuit boards and pulse oximeter sensors made by 

Masimo. 

JURISDICTION 

5. This is an action for patent infringement under the patent laws of the 

United States, Title 35, United States Code. This Court has subject matter jurisdiction under 28 . 

U.S.C.§§ 1331 and 1338(a). 

VENUE 

6. Venue is proper in this District under 28 U.S.C. §§ 1391(b) and (c) and 

1400(b). 

PLAINTIFFS' PATENTS 

7. United States Patent No. 4,653,498, entitled "Pulse Oximeter Monitor" 

was duly and legally issued by the United States Patent and Trademark Office on March 31, 

1987 and Reexamination Certificate Bl 4,653,498 therefore was duly and legally issued by the 

United States Patent and Trademark Office on April 18, 1989 (collectively, "the '498 patent"). 

The '498 patent is assigned to Nellcor. 

8. United States Patent No. 5,078,136 ("the '136 patent"), entitled "Method 

and Apparatus For Calculating Arterial Oxygen Saturation Based Plethysmographs Including 

Transients," was duly and legally issued by the United States Patent and Trademark Office on 

January 7, 1992. The '136 patent is assigned to Nellcor. 
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9. United States Patent No. Re. 36,000 ("the '000 patent"), entitled "Adhesive 

Pulse Oximeter Sensor With Reusable Portion," was duly and legally reissued by the United 

States Patent and Trademark Office on December 22, 1998. The '000 patent is assigned to 

Nellcor. 

10. Mallinckrodt is the exclusive sales agent in the United States for Nellcor 

brand oximeters and oximeter sensors, including oximeters and oximeter sensors covered by the 

'498 patent, the' 136 patent and the '000 patent. 

11. Copies of the '498 patent, the '136 patent and the '000 patent are attached 

to this Complaint as Exhibits A through C, respectively. 

CLAIM FOR PATENT INFRINGEMENT 

12. In violation of 35 U.S.C. §§ 271(a), (b) and (c), Masimo has infiinged, 

induced infiingement of, and contributed to infringement of, and is continuing to infringe, induce 

infringement of and contributorily infringe, one or more claims of the '136 patent and the '000 

patent by making, using, offering for sale and/or selling in the United States products that 

embody or use the inventions claimed in the '136 patent and the '000 patent, including without 

limitation Masimo's MS Boards and the LNOP ® family of sensors. 

13. In violation of 35 U.S.C. §§ 271(b) and (c), Masimo also has induced 

infringement of, and contributed to infringement of, and is continuing to induce infringement of 

and contributorily infringe, one or more claims of the '498 patent, by inducing others, including 

Ivy, to make, use, offer for sale and/or sell in the United States products that embody or use the 

inventions claimed in the '498 patent. 

14. Upon information and belief, Masimo's infringement, inducement of 

infiingement and contributory infiingement of the '136 patent and the '000 patent, and Masimo's 
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inducement of infiingement and contributory infiingement of the '498 patent, has been and 

continues to be willfiil, intentional and deliberate. 

15. Mallinckrodt and Nellcor have been damaged, in an amount not yet fiilly 

determined, by Masimo's infiingement, inducement of infiingement and'or contributory 

infiingement and will be irreparably injured unless those activities are enjoined. 

16. In violation of 35 U.S.C. §§ 271(a), (b) and (c), Ivy has infringed, induced 

infiingement of, and contributed to infiingement of, and is continuing to infiinge, induce 

infiingement of and contributorily infiinge, one or more claims of the '498 patent, the '136 patent 

and the '000 patent by making, using, offering for sale and/or selling in the United States 

products that embody or use the inventions claimed in the '498 patent, the '136 patent and the 

'000 patent, including without limitation the SAT-GUARD 2000, Vital-GUARD 405CM and 

Vital-GUARD 405TM, which incorporate Masimo's OEM circuit boards. 

17. Upon information and belief, Ivy's infiingement, inducement of 

infiingement and contributory infiingement of the '498 patent, the '136 patent and the '000 patent 

has been and continues to be willfiil, intentional and deliberate. 

18. Mallinckrodt and Nellcor have been damaged, in an amount not yet fiilly 

determined, by Ivy's infiingement, inducement of infiingement and/or contributory infiingement 

and will be irreparably injured unless those activities are enjoined. 

WHEREFORE, Plaintiff Mallinckrodt and Nellcor pray for judgment and relief 

against Defendants, including: 

A. Adjudging that Defendants have infiinged, induced infiingement of and 

contributorily infiinged, and continue to infiinge, induce infiingement of and contributorily 

infiinge the '498 patent, the' 136 patent and the '000 patent. 
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B. Preliminarily and permanently enjoining Defendants, their officers, agents, 

servants, employees, and attorneys, and those persons in active concert or participation with 

them who receive notice of the injunction, from continuing acts of infiingement, inducement of 

infiingement and/or contributory infiingement of the '498 patent, the '136 patent and the '000 

patent; 

C. Awarding to Mallinckrodt and Nellcor their damages caused by 

infiingement, inducement of infringement and contributory infiingement by each Defendant, 

together with pre-judgment and post-judgment interest; 

D. Adjudging that each of the Defendants has willfiilly infiinged, and that 

damages awarded to Mallinckrodt and Nellcor be trebled pursuant to 35 U.S.C. § 284; 

E. Adjudging this to be an exceptional case and awarding Mallinckrodt and 

Nellcor their costs, expenses and reasonable attorneys' fees pursuant to 35 U.S.C. § 285; and 

F. Granting such other and fiirther relief as this Court may deem just and 

proper. 

Respectfiilly submitted, 

MORRIS, NICHOLS, ARSHT & TUNNELL 

101̂  B.Blumenfeld (#1014) 
[201 North Market Street 
P.O. Box 1347 
Wihnington, DE 19899-1347 
302-658-9200 

Attorneys for the Plaintiffs 
Mallinckrodt, Inc. and 
Nellcor Puritan Bennett Inc. 
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OF COUNSEL: 

Robert C. Morgan 
FISH & NEAVE 
1251 Avenue of the Americas 
New York, New York 10020 
212-596-9000 

Nicola A. Pisano 
Kevin P.B. Johnson 
FISH & NEAVE 
525 University Avenue 
Palo Alto, California 94301 
650-617-4000 

November 17, 1999 

144927 
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REEXAMBVATION CERTIFICATE^(i042iid) 
United States Patent [i9] iiu Bi 4,653,498 
New, Jr. et al. [45] Certificate Issued Apr. 18,1989 

[S4] PULSE OXINfETER MONITOR 

[7S] Inventors: WflUam New, Jr^ Woodside; James 
E. Coramun, Alameda, both of Calif. 

[73] Assignee: Nellcor Incorporated, Haywood, 
Calif. 

Reexamination Request 
No. 90/001,452. Mar. 1, 1988 

Reexamination Certificate for; 
Patent No.: MS3,498 
Issued: Mar. 31,1987 
AppL No.: 8fi7,00S 
Filed: May 20,1986 

Certificate of Correction issued Mar. 31, 1987. 

Related U& AvpUcaHoa Data 
[63] ContiBiiatioa of Scr. No. 417,312. Sep. 13, 1982, abut-

doaed. which is a continnatioa-in-put of Ser. No. 
414,17S. Sep. 2. 1982. abandoned. 

[51] Into.* A61B5/02 
[52] VS. a . 128/633; 128/666; 

128/689 
[58] Field of Search 128/633, 634. 666. 689, 

128/690 

[56] Refereacea Cited 
U.S. PATENT DOCUMENTS 

2.706.927 4/19JS Wood .. 88/14 
3,S65.0S8 2/1971 Mansfield 128/701 

3,638,640 2/1972 Shaw 128/2 R 
3,658/)60 4/1972 Eklof... 128/673 
3.704,706 12/1972 Herczfeld et al 128/2 R 
3.895J16 7/1975 Fein 128/696 X 
3.998,550 12/1976 Konishi et aL 356/39 
4.013,067 3/1977 Kresseet al. '. 128/2.0S R 
4.038.976 8/1977 Hardy 128/690 
4.032.977 10/1977 Kay 128/661 
4,109.643 8/1978 Bond et al 128/666 
4.167331 9/1979 Nielsen 128/633 
4.2664154 S/198I Hamagnri 128/633 
4.424.814 1/1984 Secnada 128/663 

FOREIGN PATENT DOCUMENTS 
1S89461 3/1970 Frsnce . 

53.53184 5/1978 Japan . 
8201948 6/1982 POTlatlAppL. 
2039364 8/1980 United Kingdom . 

Primary Examiner—Lee S. Cohen 

[57] ABSTRACT 
A dttplay monitor ia disclosed for a pulse oximeter of 
the tyipe whereia light of two different wavelengths is 
passed through body tissue, such as a finger, an ear or 
the scalp, so as to be modulated by the pulsatile compo­
nent of arterial blood therein and therri)y indicate oxy­
gen satiiration. A tonal signal is emitted having a pitch: 
proportional to the ratio of oxygen saturation and a 
sequential repetition proportional to pulse. A visual cue 
consistmg of an amy of strobed light emitting diodes is 
flashed having a total light output proportional to the 
magnitude of the pulse and a seqwcntial flashing rate 
proportional to pulse rate. A systematic rejection of 
extraneous or irregular detected data prevents undue 
sounding of alarms. 
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Bl 4,653,498 

REEXAMINATION CERTmCATE 
ISSUED UNDER 35 U.S.C. 307 

THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

Matter enclosed hi heavy brackets [ ] . appeared hi the 
patent, but has been deleted and is no longer a part of the 
patent; matter printed in italics indicates additiona made 
to the patent. 

AS A RESULT OF REEXAMINATION. IT HAS 
BEEN DETERMINED THAT: 

Claim 1 is determined to be patentable as amended. 

Oauns 2 and 3, diependent on an amended daim, are 
determined to be patentable. 

10 

15 

20 

1. An oximeter apparatus for use in measuring pnlse 
rate and oxygen saturation ofblood by means of absorp- 25 

tion of optical radiation through living tissue compris' 
ing; 

first and second light sources for emitting light at a 
first and second wavelength, respectively; 

a light sensor; 
said light sources and light sensor being adapted to be 

addressed to said tissue to define a light path 
through said tissue between said light sources and 
said light sensor; 

means for detecting signals cpnesponding to light 
received by said light sensor at each of said first 
and second wavelengths and for deriving from said 
signals « pulsatile si^ial corresponding to a pulsa* 
tile cfaancteristic of arterial blood flow and gener­
ating • signal corresponding to oxygen saturation 
of the blood; and 

means for generating an audible intermittent tone 
signal, sidd tone signal genetatuig means further 
compnsmgr 

means responsive to sud pulsatile signal for control­
ling the occurrence of said audible tone signal, and 

. means responsive to said oxygen saturation signal for 
conlIiitioiu(p varying the tonal ftequency of said 
audible tone sigul with oxygen saturation. 

• • • * • 

30 

35 

40 

45 

50 

55 

60 

65 
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United States Patent 
New, Jr. et al. 

[19] [11] Patent Number: 
[45] Date of Patent: 

4,653,498 
Mar. 31, 1987 

[54] PULSE OXIMETER MONITOR 

[75] Inventors; 

[73] Assignee: 

William New, Jr., Woodside; James 
E. Corenman, Alameda, both of Calif. 

Nellcor Incorporated, Haywood, 
Calif. 

[21] Appl. No.: 867.005 

[22] FUed: May 20, 1986 

Related U.S. Application Data 

[63] Continuation of Ser. No. 417,312, Sep. 13, 1982, aban­
doned, which is a continuation-in-part of Ser. No. 
414,175, Sep. 2, 1982. abandoned. 

[51] I n t a . * A61B5/02 
[52] VS. a 128/633; 128/666; 

128/689 
[58] Field of Search 128/633, 634, 666, 689. 

128/690 

[56] References Cited 

U.S. PATENT DOCUMENTS 

2,706,927 4/1955 Wood 88/14 
3.565,038 2/1971 Mansfield 128/701 
3.638.640 2/1972 Shaw 128/2 R 
3,658,060 4/1972 Eklof 128/673 
3,895,316 7/1975 Fein 128/696 X 
3,998,330 12/1976 Konishi et al 356/39 
4,013,067 3/1977 Kiesse et al - llt/2J05K 
4,038,976 8/1977 Hardy 128/690 

4,052.977 10/1977 Kam 128/661 
4.109.643 8/1978 Bond et al 128/666 
4,167,331 9/1979 Nielsen 128/633 
4,266,554 5/1981 Hamaguri 128/633 
4,424,814 1/1984 Secunda 128/633 

FOREIGN PATENT DOCUMENTS 

1589461 S/1970 France . 
8201948 6/1982 PCT Int'l Appl. . 
2039364 8/1980 United Kingdom . 

Primary Examiner—Kyle L. Howell 
Assistant £xamiiier—John C. Hanley 

[57] ABSTRACT 

A display monitor is disclosed for a pulse oximeter of 
the type wherein light of two different wavelengths is 
passed through, body tissue, such as a finger, an ear or 
the scalp, so as to be modulated by the pulsatile compo­
nent of arterial blood therein and thereby indicate oxy­
gen saturation. A tonal signal is emitted having a pitch 
proportional to the ratio of oxygen saturation and a 
sequential repetition proportional to pulse. A visual cue 
consisting of an array of strobed light emitting diodes is 
flashed having a total light output proportional to the 
magnitude of the pulse and a sequential flashing rate 
proportional to pulse rate. A systematic rejection of 
extraneous or irregukr detected data prevents undue 
sounding of alarms. 

3 Claihis, 19 Drawing Figures 
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4,653,498 
1 2 

fresh arterial blood when fresh arterial blood enters the 
PULSE OXIMETER MONITOR tissue. For example, the signal received has been di­

vided into its "AC" and "DC" components and passed 
This is a continuation of copending application Ser. through a log amplifier before digital analysis of the 

No. 417,312, filed Sept. 13, 1982, now abandoned, enti- S signal occurs. See Koneshi et al., U.S. Pat. No. 
tied "PULSE OXIMETER MONITOR", which is a 3,998.550. Likewise, a generation at both wavelengths 
continuation-in-part of application Ser. No. 414.175, of subtraction outputs has been utilized before digital 
flled Sept. 2, 1982, now abandoned. analysis. Subtraction outputs have been used to elimi-

A two fiche microfiche appendix is included herein, nate the DC component and to approximate the loga-
consisting of a total of 67 frames. 10 rithmic response of the prior art. See Hamaguri, U.S. 

This invention relates to pulse oximeters and specifi- Pat. No. 4,266,554. Simply stated, because the pulsatile 
cally to the photoelectric determination of arterial oxy- component constitutes a small portion of the total signal 
gen saturation in humans with techniques for initializing of transmitted light, numerous manipulations based on 
data, receiving data for processing, setting and trigger- logarithms have been attempted to screen out the un-
ing alarms all being set forth. IS changing component of the resultant signal before anal-

BACKGROUND OF THE INVENTION s. Pat. No. 3,704,706 to Herczfeld et al disclosed 
Electronic, non-invasive techniques for determina- use of a single, coherent red light source, preferably a 

tion of oxygen content are known. U.S. Pat. No. laser. Use of a single light source is unable to separate 
2,706,927 to Wood disclosed the computation of oxygen 20 information dealing with the arterial flow component 
saturation from measurement of light absorption of from that dealing with the arterial oxygen component, 
body tissue at two wavelengths. A "bloodless" mea- The output of such a single red light source instrument 
surement was first taken in which as much blood as can only be an indication of the product ofblood flow 
possible was squeezed from the area where measure- and the saturation level present. Neither blood flow 
ment was taken. Thereafter, arterial blood was allowed 25 alone or saturation alone can be known, 
to flow into the tissue as the condition of normal blood In all of the above schemes for the measurement of 
flow was restored. A comparison of the light absorption pulse rate, pulse flow and oxygen saturation, the variant 
in the two states provided information on the arterial or AC component is a small portion of the total absorp-
oxygen saturation of the subject. A series of devices and tion occurring. In such circumstances, discrimination of 
procedures have been founded using this technology. 30 the signal from other possible sources must occur. 

In procedures based on this technology, difficulty has When it is remembered that measurements of uncon-
been experienced in reliably determining the "blood- scious, partially anesthetized and otherwise non-respon-
less" parameters; due in part to geometrical distortion sive patients must occur, and such patients have random 
due to the compression of the tissue; imperfect measure- and irregular movements (and heart beats), the estab-
ment of this parameter gave imperfect results. 35 lishment of thresholds for the reception and analysis of 

The transmission of light of each wavelength is a data is critical, 
function of the thickness, color, and structure of skin, CITVIMABV nc iKrinsKmntj 
flesh, bone, blood and other material through which the SUMMARY OF INVENTION 
Ught passes. This attenuation in transmission has been A display monitor is disclosed for a pulse oximeter of 
asserted to have a logarithmic characteristic, in accor- 40 the type wherein light of two different wavelengths is 
dance with the Lambert-Beers Law. passed through body tissue, such as a finger, an ear or 

In a pulse oximeter, the primary material of interest is the scalp, so as to be modulated by the pulsatile compo-
pulsatile arterial blood. Arterial blood is the only mate- nent of arterial blood therein and thereby indicate oxy-
rial whose quantity in the tissue varies with time in gen saturation. The disclosed instrument first receives 
synchrony with the beating of the heart. Variations in 45 and compares signal to parameters to check for a pulse 
light transmission theiefore indicate variations in blood like signal. Assuming that a pulse like signal is detected 
flow permitting direct optical recording of the pulsatile a tonal signal is emitted having a pitch proportional the 
component of arterial blood flow. This ability to sepa- ratio of oxygen saturation and a sequential repetition 
rate out the light absorption of arterial blood is espe- proportional to pulse. A visual cue consiting of an array 
cially convenient; since the oxyhemoglobin component SO of strobed light emitting diodes is flashed having the 
of blood is a substance for which the absorption coefli- number of lights strobed increase with increasing mag-
cients can be determined, the fraction of any oxyhemo- nitude of the pulses and having a sequential flashing rate 
globin in arterial blood can be determined. proportional to pulse rate. A systematic rejection of 

Optical plethysmographs are well known. Such in- extraneous or irregular detected data prevents undue 
struments measure pulse rate and provide information 55 sounding of alarms. 
on the quantity ofblood forced into the tissues on each nxiren riBnsrrc TOATIIBP^ Aism 
heart beat. TTiese imitruments generally utilize a light ^ ^ ^ j S ^ S S ' ^ S v S m m i ^ 
frequency near or at the isobestic point where measure- AuvAN i AUta U P IN vnw i I U N 
ment of pulsatile flow is made independent of oxygen An object of this invention is to disclose an instru-
saturation. Consequently, they intentionally eliminate 60 ment which can simultaneously trace and indicate the 
information on oxygen saturation. pulse as well as the degree of oxygen saturation of the 

Following the Wood U.S. Pat. No. 2,706,927 patent, individual. According to this aspect of the invention, at 
numerous attempts have been directed at eliminating least one of the wavelengths of light, preferably infra-
the difficulties connected with arterial saturation mea- red, is monitored for slĉ e change. A signal is emitted 
surements using light absorption where the analysis 65 proportional to and typically, synchronous with the 
requires the comparing the "bloodless" measurement slope change rate to indicate heart rate. A second signal 
either artificially induced or naturally occuring during is emitted containing pulse rate and oxygen saturation 
the rest state of the heart cycle with the measurement of information. 
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An advantage of this aspect of the invention is that nally, the percent of oxygen saturation is determined by 
each pulsatile component is individually analyzed. The comparison of light transmission at both frequencies, 
heart beat and arterial oxygen level of the patient is All of these data are analyzed against the confidence 
continually monitored. limits for reception. Where three out of the six data 

Yet another object of this invention is to disclose a S values are outside the limits, the entirety of the data is 
series of audible signals which convey pulse rate and rejected. Where four or more of the data values are 
oxygen saturation. Pulse rate is indicated by emitting within, the data is received and the confidence limits 
sequential tones at time intervals corresponding to the under the acceptable catagories upgraded or maintained 
rate of negative slope reversals (indicating pulse wave at the narrowest limit. Confidence limits of unaccept-
maximum). Oxygen saturation is indicated by having able data are eroded or opened, 
pitch decrease proportional to decreasing oxygen satu- An advantage of tiiis aspect of the invention is that 
ration. interruption of data often occurs at more than one pa-

An advantage of this aspect of the invention is that rameter. With such interruption, the entire data block 
the human ear is particularly sensitive to both changes ""V averaged to prevent the premature sounding of 
in frequency of sequential sound signals and tonal varia- alarms. 
tions in sequential sound signals. A simple beating signal . ̂  further object of this mv«ition is to disclose a 
can make all in the immediate vicinity well aware of simplified coatml for adjusting alarm limite. According 
both the pulse rate and oxygen saturation of the patient. ^ aspect, adjustment occurs to a shaft encoder 

Yet another aspect of this invention is to emit a visual d«recfly coupled to an alarm limit adjusbnent knob. The 
signal conveying similar information. According to this ^ ^ ^ 1 ° ê set is selected by pressing a least one 
aspect of the invention, a column of light emitting di- ^ ? ^ ° ' b""?"- of thejdarm hmit 
odes flashes in height proportiomd to pulse magnitude " ' J " * ' ^ by sign-dependmg 
and flashes in frequency proportiomd to pulsTSte. As "P"" oftum-and m limit-dependmg upon 

_̂  1 1 . u n amount of turns. The current alarm limit being changed 
the eye is particularly semutive to changes m both flash- j„ ^^^^ 
mg rate and angular dmiemuon or height of the flashmg ^ ^ , 
LfcD array, an indication ot pulse quality is given. being turned, the knob to the alarm limit is disconnected 

Yet anotiier object of this mvention is to disclose a ^ ^ ^ ̂  connected to its origimd comiec-
plurality of alarms, which alarms can all be individually ^ ^ jt̂  
set m accordance with the currcmt condition of the ^ ^ advantage of this aspect of the invention is that 
patient. Accordmg to this aspect of the mvention. high ^̂ ^̂  ^^^^ ^ ^ adjusted. The 
pulse rate, low pulse rate and oxygen satiiration levels complex environment of die operating room and inten-
can all be utilized as an alarm hmit. sive care unit is provided with a useful instrument havr 

An advantage of this aspect of the mvention is that ^ simpUfied adjustinent In particular, the alarms can 
the parameter of the patient's warning limits can be 35 be controlled by one hand, important in some aspects of 
tailored by the anestiiesiologist or other attending phy- patient care. It is not necessary to manually reset the 
sicians. Individual adjustment can be made to the partic- instrument to its original status of displaying saturation 
ular physiology present. or pulse „te. 

Yet another object of this invention is to disclose a Other objects, features and advantages of this inven-
regimen in combination with the instrument for reject- 40 tion will become more apparent after referring to the 
ing extraneous data. Remembering that patients are following specifications and attached drawings in 
often in an unconscious or semi-conscious state when which: 
this instrument is used, it can be realized that the instru­
ment does not operate in a perfect environment Shak- DESCRIPTION OF THE DRAWING 
ing or moving the sensor head or even local variations 45 piQ, 1 a perspective view of the instrument of this 
in the patients pulsatile profile could unnecessarily trig- invention illustrating the instrument housmg and attach-
ger alarms. According to this aspect, incoming pro- ment of a sensor to the digit of a patient; 
cessed data is compared to confidence factors. If the piG. 2 is an overall circuit schematic of this inven-
data falls within expected levels, confidence factors tion; 
remain unchanged or are upgraded to the highest level, so FIG. 3 is a circuit schematic in the vicinity of the 
Where data falls without ine anticipated confidence microprocessoî  
levels, the data itself may be rejected. The confidence FIG. 4. is a circuit schematic in the vidnity of the 
levels are eroded or opened in the range of data that can read only memory or ROM of this invention; 
be processed. This process occurs until data consistent piG. 5 is a circuit schematic in the vidnity of the 
with the confidence limits is recdved. When data con- S5 random access memory or RAM of this invention; 
sistent with the confidence factor is recdved, it is com- FIG. 6 is a circuit schematic of the memory select; 
pared to the alarm limit FIG. 7 is a circuit schematic of the input/output 

An advantage of this aspect of the invention is that sdect; 
small local variations in the recdved signal do not trig- FIG. 8 is a drcuit schematic of the counter of this 
ger the alarms. 60 invention; 

Yet another aspect of this invention is to disdose a FIG. 9 is a circuit schematic of the comparator circuit 
totality of data utilized for tracking the pulse. Accord- wherein 12 bit digital to analog conversion occurs; 
ing to this aspect of the invention, the points of maxi- FIG. 10 is a circuit schenutic of the sample-hold 
mum light transmission (commencement of inflowing drcuitry of this invention; 
pulse) and maximum light absorption (end of arterial 65 FIG. 11 is a circuit schematic of the offset amplifier 
pulse) are tracked for at least one wavdength. A maxi- circuit of this invention; 
mum negative slope intermediate the maxima and min- FIG. 12 is a circuit schematic of the detector of this 
ima is plotted for avoidance of the dicrotic notch. Fi- invention; 
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FIG. 13 is a detail of a clock circuit having an output Secondly, the wavelength are chosen so that the same 
for powering the light emitting diodes; tissue is sampled. For example, a wavelength in the 

FIG. 14 is a detail of circuitry for powering the light ultraviolet would not sample the same tissue due to 
emitting diodes, the diodes being switched at a point scattering. 
proximate to the detector; 5 While wavelengths extremely close could be used, 

FIG. 15 is a circuit schematic illustrating the opera- we have chosen not to do so. We find that drifting of 
tion of the optically coupled adjustment knob; light source wavelengths can occur with accompanying 

FIG. 16 is a view of the control button circuitry of problems. 
this invention; Signal received from the respective light emitting 

FIG. 17 is a view of L.E.D. circuitry outputs; diodes first passes through a pre-amplifier 40. This sig-
FIG. 18 is a view of the audio output circuitry; and nal is thereafter amplified in parallel at amplifiers 41,42. 
FIG. 19 is a block logic diagram of the numerical As amplified, the signal is passed in pardld from each 

process steps which result in the instrument output amplifier through respective phase detectors 43, 44. 

bMOUUiMHN 1 ^ jjjjgj pj^g pulsatile component is passed to 
Referring to FIG. 1, the instrument housing 26 of this multiplexer 50. 

invention is illustrated. Outwardly, the housing includes Multiplexer 50 has output to a comparator 52. Com-
a digit display 1, circuitry sdect button array 2 through parator 52 is ramped in half steps by a 12 bit digital to 
5, alarm status lights 6 through 9, an optically coupled ^ analog converter (hereinafter DAQ 54. DAC 54 places 
adjustment knob 10, sync status light 11, LED digital a comparison signd divided in one part from 4096 parts 
viewmeter 12, and power switch 13. A speaker 15 is with the comparator outputting to bus 17. 
placed under and in the instrument housing. The reader will recognize that not all human fingers 

From a connector (not shown) in housing 26 there and appendages are the same. Spedfically, the differ-
extend leader wires 27. Wires 27 extend to a detector ence. between the races, skin pigment, wdght. age, ma-
probe 29. Detector 29 is placed upon the finger 14 of a turity and other factors all can lead to different signals 
patient 28. Utilizing the placement of the detector 29 at being sensed at photosensor 38, even though the wave-
the finger 14. all of the readings in this invention are length and intensity of the light signal output at each of 
made possible. ^ the diodes 30, 32 is the same. 

Oximeter Operation Accordingly, microprocessor 16 is programmed to 
A broader view of the operation of this invention can receive a signd from photosensor 38 within an optimum 

be made by considering carefully the circuit schematic range. Utilidng a second operating phase of DAC 54, 
of FIG. 2. and communicating signd to a sample hold 57, the indi-

Referring to FIG. 2, conventiond microprocessor 16 35 vidud LED's 30, 32 are given voltage outputs 60, 61. 
has a bus 17 extending therefrom. Bus 17 has connected These voltage outputs .60,61 are adjusted so that in each 
thereto conventiond ROM 18 and RAM 19. An LED case photosensor 38 looks at a signd well withing the 
display 20 is schematicdly illustrated having a select range of the DAC. 
lateh 21 and a digit designation latoh 22. The circwt Clock 70 controls the sequentid output of light from 
select button array 2-5 and opticdly coupled control 40 the light emitting diodes 30,32 to a duty cycle of at least 
knob 10 previously illustrated are gated through con- 1 in 4. This is schematicdly illustrated by signds «̂ 1 
trols generdly denominated 24. through Reception of signd at detector 43 occurs 

Having set forth the more or less conventiond por- during time periods ̂ 1 and ̂ 2 and reception of signd 
tions of the microprocessor, attention will now be di- occurs at detector 44 during time periods <̂3 and 
rected to the andog portions of the circdtry. 45 It can be immediately redized that during respective 

Finger 14 of patient 28 is illustrated with detector 29 time periods ^1, <̂3 active signd from the light emitting 
having schematic detection circdtry. First light emit- diodes 30,32 is being recdved. During the time periods 
ting diode 32 in the red range and a second light emit- 2̂ and 4^ no signd and ody noise is being recdved. As 
ting diode 30 in the infrared range are sequentidly will hereinafter become apparent, by amplifying the 
pdsed to emit light in thdr respective frequendes by so negative signd before passage through the low pass 
amplifiers 31.33. Typically, LED 32 is in the 660 nano- filter, noise can be subtracted out utilizing the illustrated 
meter range with LED 30 being in the 940 nanometer 1 in 4 duty cyde. 
range. Having given the reader an overview of the circdtry 

It is necessary that all the light from the active light utilized with this invention, the invention will now be 
emitting diode go through the flesh in finger 14. There- S5 discussed in detail. 
fore, a light impervious barrier 36 is placed, bdween Referring to FIG. 3. the microprocessor 100 is illus-
photosensor 38 and finger 14. Barrier 36, terminating in trated having an attached crystd 104. This crystd, in 
contact with the flesh of finger 14, makes the path be- combination with clock drcuitry incorporated within 
tween the respective light emitting diodes 30,32 and the the microprocessor 100, generates the dock signals 
light recdving diode 38 occur ody through the flesh of 60 required by the microprocessor chip itsdf as well as 
finger 14. providing clock pulses to the rest of the oximeter dr-

In the instrument herein we utilize two discrete cdtry through output 102. 
wavelengths. These wavdengths are 660 nanometers Microprocessor 100 is an 8085A CPU integrated 
(red) and 940 nanometers (infirared). A small amount of circdt chip available from Intd Corporation of Santa 
discussion related to these parameters is in order. 65 Clara, Cdif. The family identification suffixes of the 

First, the wavdengths are chosen so that they are far remdning IC components are listed on the drawing and 
enough apart so that the transmission of light apprecia- the components are readily available from various man-
bly varies with changes in oxygen saturation. ufacturers. 
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An address bus 103 includes address lines AO through are outputed at 198 for timing purposes hereinafter 
A15. To accommodate the dght bit processor, lines AO discussed. 
through A7 on the address bus are latched from micro- Having set forth the timer, the remdnder of this dis-
processor pins ADO through AD7 so that during the closure will be broken down into five discrete parts, 
address time state these lines may be read. During an 5 First, timing for the light emission of the LED's will be 
dtemate time state, lines ADO through AD7 become discussed.. Emphasis will be placed on the fact that the 
output data lines 104, ODO through OD7, which lines as diodes are switched locdiy. 
here configured are ody capable of outputting data. Second, light reception will be set forth. With respect 

Referring to FIG. 4, the ROM configuration is seen to the reception, emphasis will be made to the fact that 
to be standard. The ROM is addressed with a conven- 10 the signd U digitdly extracted without any andog 
tiond address bus including lines AD to AlO addressing treatment whatsoever. The pure digitd signd is thereaf-
in pardld ROMs 106, 107 and 108. These respective t« processed and utilized to create the light curves 
ROMs are enabled by three decoded address bits from herein. Effort is made to elunmate dl variables present, 
lines A11-A13 (see FIG. 6). As will hereinafter be set including those in the flesh andyzed as wdl as ambient 
forth with respect to FIG. 6, enabling outputs for read- light noise. . . . . . 
ing of the ROMs include read enable 110 (see FIGS. 3, ^ ^ V ' *"d m view of variant hght transmission 
4) and spcdfic ROM addresses including ROM 0 ad- qualities of human flesh, the light level adjustinent cir-
dress 111. ROM 1 address 112. and ROM 2 address 114. ^ invention will be traced. It wUl be pomted 
The particdar ROMs here utilized are of the opticdly „ adjustinent of tiie emitted hght occurs so 
erasable progranmid>le read ody memory variety and 20 the sensor receives an amomit appropriate for the 
includes output data bus US. '^i^T°t^^i, . r ii K- i ^ 

Referring to FIG." 5. two conventiomil RAMs 120. "^1°^ *P « ^ ^ ^ 
m are shown address^ in parallel at bits AO ™ S S % " ' S i S S y ™ S program darm will be dis-

Eiî ii uiiu. iwiu WW .uies rû w j^,. j tfitaiitv rtf data reccivcd m the momtorins 
127 addressing RAM 120 and AD4-AD7 addressing -n v j - i j •» "«= muuiioiuiK 
TTI »7tr.r^® v ^ ? - * " fr" C z i , 2 r program will be disclosed as screemng extraneous data 
RAM 121 at bussmg 128. RAMs 120.121 are read when yet permitting a timdy darm to ward off caburtrophe. 
enabled tiirough enable ports 129 m the absence of a Referring to FIG. 14. and assuming that suffident 
write dgnd on port 130. These RAMs are written when 3̂  ^j,, ^ 3̂ 2, current of an 
enabled by port 129 m the pr«ence of a write signd appropriate levd wiU be emitted to eadi of the light 
through wnte ports 130. As each of the RAMs connect emitting diodes 30, 32. The diodes heie are illustrated 
to four separate data bits, mdividud enabling of each of schematically across a connector 305 and are shown 
the RAMs is not required. bdng switched by respective transistors 307, 309. Spe-

Referring to FIG. 6, the memory sdect circmt of this 35 cificdly, when a negation pulse is recdved at each of 
invention is illustrated. The memory sdect has a three ^ transistors, the ttansistotB open, voltage appears 
bit input 140 at lines A11-A13. Output occura when across the respective diodes 30,32. and light is emitted, 
memory is selected at ROM 0 enable 111, ROM 1 en- Assuming light is transmitted, it is passed to the flesh 
able 112, ROM 2 enable 114. A RAM enable 141 passes of the digit 14 and is thereafter recdved at the recdving 
through an inverter and NAND gate to enable reading 40 photosensor 38. 
of RAMs 120,121 for dther reading or writing. Referring to FIG. 12, photosensor 38 is Ulustrated. It 

Referring to FIG. 8, a counter used as a divider is i , coupled across a connector 305. Connector 305 in 
illustrated. Referring briefly back to FIG. 3, it will be turn passes its signd through amplifier 40. The signd is 
seen that the microprocessor 100 is provided with a then split and passed to voltage amplifiers 41, 42, the 
clock running at 2.5 MHz generdly denominated 102. 45 amplification here occurring in paralld, allowing difier-
The CPU dock outputa at 102 to a counter 172 (see ences in gain between red and infrared signd process-
FIG. 8.) Counter 172 divides signd 102 by the number hig. Respective phase detectors 43, 44 are clocked at 
171 and outputa to binary counter 173 m order to gener- inputs t^l'-^' from the dock circmt of FIG. 13. Re-
ate an LED dock frequency of 1.827 kHz, wUch is numbering that a 1 in 4 duty cycle u here utilized with 
unrdated to room light frequencies. Counter 173 out- so each of the signals t̂ l', ^2', «^', being dock peri-
puts signals LED A 191, LED B 192, LED CLK 190 ods, it is seen that the sipud is gated. Specifically, and 
and DCLK 189. This circmt in cooperation with the during the <̂ 1'time period, negative amplification of the 
circdt of FIG. 13, effects light and detector switohing totd light agnd, induding pulsatile component and 
to enable signd phasing. noise, occurs at amplifier 201 with passage of the tesd-

Having set forth in generality the microprocessor, it ss tant signd througih the low pass filter 45. 
will be realized that much of that disdosed is already Refierring to FIG. 14, in the next sequentid time 
known in the art Specifically, complete descriptions at period, and due to the dgnd «̂ 1' no longer appearing to 
the wiring of this microprocessor can be found in the dose transistor 309, transistor 309 wiD be shunted to 
MCS-8085 Family Users Manual, piiblished October ground. At the same time, during time period 02' gate 
1979 by Intel Corporation. Those having skill in the art 60 43 will open to amplUy the podtive component re-
are referred to this publication should question arise cdved. This component recdved, however, will have 
about the drcmtry thus far described. no light emission whatsoever; it instead will represent 

Referring briefly back to FIG. 8, LED clock outputs pure dectrodc or opticd noise. "The timing of this dr-
190, 191, 192 are inputed to the clock divider 194 of cdt will therefore yidd on equd bases tint light con-
FIG. 13. Divider 15M outputa four sequentid duty cyde 65 taining the pulsatile component and noise and thereafter 
states denominated <̂ 1' through ^ ' . Complements of just noise. Aniplifier 201 amplifies one signd positivdy 
signds 1̂ 1' and are outputed direcdy at dock driver and the other signd negativdy in equal amounta. It will 
outputa 196. It will be noted that dl four signals ̂ 1'-^' be seen that integrated over the fiill four periods of the 
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clock, through amplifier 201 the instrument sees equal and VB' at a rate that dlows the microprocessor to 
components of noise which cancel and unequd compo- faithfully track both signds. 
nents of signd which do not cancel. By the expedient of Having set forth the light reception drcdtry of this 
taking the respective intermittent pulses and passing invention, attention will now be directed to the level of 
them through the low pass filter 45, there results a sig- 5 light adjustment. 
nal out contdning vdid signd only; noise cancels. It will be remembered that each of the patients, due to 

The remdmng channel is andogous. Specificdly, flesh, skin pigment, skin thickness, bone, venous blood 
during time period <̂ 3', noise and light signd are ampli- present and other invarianta, will present his own factor 
fled negativdy and passed through low pass filter 46. of constant light absorption at both wavelengths. This 
During time period noise only is positivdy ampli- 1° being the case, it is necessary to adjust the levei of cur-
fied and cancelled in passage through the low pass filter rent applied. This is done through the DAC circuit of 
4̂ , FIG. 9 and the sample hold circuit of FIG. 10. 

The emitted signd WA and VB can be described as • The sampUng of the light signds by tiie microproces-
having two componente. The first component is con- was described above. In the case where the signds 
stimt It is that dement of light which remdns essen- >5 are not within tiie usefd range of die conversion cir-
tidly invariant This signd indudes an absorption com- c»'"7' ^, "dj"sted up or down as 
ponent because of skin pigment, bone, flesh and venous required to restore the signd levd to tiie voltage range 
blood. The second component represents the pdsatile acceptable to tiie andog to di^td conversion. Refer-
inflow of arterid blood. ,„ ™8 *? " G - »• P™8™? O"?"' » "'f"' 

The ratio of tiuit second component to die first com- ^ ?P°'?'»»8 to tiie d«ired voltage level through ite data 
ponent is what is sought by the instniment What is "to latehes 362 and 360, setting the DAC 54 output 
sought is the ratio of the arterial and pulsatile compo- ^ f ^°'^8J. cprrespondmg to desired LED current 
nenrof the blood to diat of die total absori>ing tisslue! .̂ 2" na*^ • "î f̂ " 1"™* * tmie period when 

, _ -1 „ . f»i. ui J the DAC IS not used for mput conversion. The program 
The color of die artend̂  25 will d«n output using die Lne bus a bit corrê ondinB 
duces die diff-erentid light absorption tiuit <s dependuit ^ ^, J ^ED into latch 370 of FIG. lOTOs bit. 
upon die oxygen saturation of die hemoglobm. The converted to a compatible voltage 
mstrument must iMlate this rompo^^ by voltage converter 371 and applied to one of dght 

Referrmg to FIG. 11. amplification of die signal to an ^ y,^ 3^ the efiect of 
idedized State IS iUiistrat« .̂ Specificdly, m tdcmg ĵ e voltage from die DAC, corresponding to 
spectrve signds VA, VB, an offset voltage VOIFF ^ LED current level, to a storage capacitor 
mttoduced. This signd is a constant voltage whidi ^^^h will latoh diis voltage after die input has been 
subtracte out part of die constant portion of die re- removed. This voltage is buffered by amplifiers 375 and 
cdved light signd which rdates to passage through die 37̂  and appUed to die LED circuitry. Thus, dependant 
nonvariant portions of die flesh. Since it is known diat 35 jhe intensity of die signd recdved by die photo-
tiie pdsatile component is dways very smdl widi re- jensor. die respective light emitting diodes can be 
spect to the toUJ signd, an improvement on the accu- driven with greater or lesser voltage to produce the 
racy of digitd conversion can be obtiuned by diis sub- optimum voltage output 
traction. It is necessary, however, for die microproces- ^ „oted diat ody two of die available eight chan-
sor program to mathematicdly reinsert this subtracted 40 nels of this sample hold circdtry are required to adjust 
voltage prior to processing die signd. This subtraction the LED intensities. The remaining channds provide a 
and amplification occurs at the respective amplifiers generd purpose andog output from the microprocessor 
330, 331 with passage of the signds VA' and VB' from for a variety of unrelated functions. The output of am-
the network. plifier 377 provides the fixed offset for the offset ampli-

With digitd to andog conversion of these signals, a 45 flers described above; W O L , the output of amplifier 
combination of the pulsatile component and the remain- 37g, provides a volume control for the darm; outputa of 
der of the constant component is then required. This amplifiers 601,602, and 603 provide extemd outputa for 
can best be seen through the circdtry of FIG. 9. an optiond chart recorder and the output of amplifier 

Referring to FIG. 9, a mdtiplexor 50 is illustrated. 604 provides a control for the pitch of the darm. 
During the andyticd operation here shown, this mdti- so 
plexor samples signals VA' and VB'. Signd is passed to Momtor Operation 
the negative side of comparator 52. Signd for drivmg The manner in which the signd information derived 
the multiplexor passes through lines OD4-OD6 in the by the oximeter apparatus is presdited to the attendant 
DAC high latch 360. The DAC low latch 362 is thereaf- physician through the oximeter momtor of this inven-
ter actuated in sequence responsive to enabling signals S5 tion will now be d'̂ 'f«r<f 
on enabling line 363. Output occurs to a digitd to ana- Referring to FIG. 1, when the instrument power is 
log converter 54 on a twelve bit basis. Division to one turned on via power switch 13, digit display 1 and LED 
part in 4096 occurs. digitd viewmeter 12 both flash momentarily until mi-

Typicdly. the signd b compared in hdves. Output of. cioprocessor 16 begms ita operation. Speaker 15 dso 
DAC 54 occurs over lead 365 to comparator 52. The 60 emita a beep. As soon as the microprocessor 16 takes 
comparator output 366 is passed to the micrt>processor. control of die instrument, which is on the order of a 
Depending upon whether a high or low signd is re- millisecond, the digit display 1 is deared, with zeros 
cdved. stepping of the twdve bit DAC 54 occurs in flashing on digita 794-796. On power up, the oximeter 
hdves, enabling the twdve bit division to occur rapidly. defadt is for the audio darm to be inhibited so that 
Consequendy. the output levd of the voltage of the 65 LED darm inhibit light 9 begins flashing. Synchroniza-
recdvinjg photosensor is rapidly determined with the tion of the pulse rate of patient 28 through detector 
result that the pulsatile component can be rapidly fol- probe 29 is not yet established. Therefore, the sync 
lowed. This process is repeated for both signals VA' status light 11 flashes, indicating no sync. Microproces-
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sor 16 begins to sample the signals from photosensor 38 
until it determines that vdid pulses are bdng recdved, 
at which point digita 794-796 of digit display 1 indicate 
in decimd numbers the percentage of oxygen saturation 
in the patient's 28 blood. Digita 797-799 numericdly 
indicate the pulse rate. The LED digitd viewmeter 12 
begins to flash synchronously with the pulse rate with 
the vertical hdght of each flash being proportional to 
the strength of the recdved pulse. After about 4 or S 
vdid pulses have been recdved no-sync LED light 11 is 
disabled and switches off. The darm, which operates 
when triggered through speaker 15, may be manudly 
enabled by the user at this point through darm button 
5. When button 5 is pressed, alarm inhibit light 9 ceases 
to fladi. The darm will sound when the darm liimta are 
exceeded as discussed in detail bdow. 

When pdse synchronization is achieved, speaker 15 
begins emitting beep tones at a frequency synchronous 
with that of the percdved pdse rate and at a pitoh 

10 

IS 

emits a continuous tone of constant pitoh until either the 
darm is disabled or the parameter comes back within 
the set boundary. Again, when the darm is inhibited 
LED 9 flashes to indicate to the user that audio darms 
will not sound. 

A more detailed understanding of the oximeter moni­
tor operation discussed so far can be had by reference to 
the circuitry of FIGS, 15-18. Further understanding 
may be had by reference to the program listing con­
tained in the microfiche appendix. 

FIG. 15 is a drodt schematic illustrating operation of 
the opticdly coupled control knob 10. Shaft of knob 10 
is connected to.a shaft encoder 793. Shaft encoder 793 
is pierced at regdar intervals by windows 790. LED-
photosensor pdrs are placed in proximity to each other 
on opposite sides of encoder 793. Pair 792 is shown 
opticdly coupled through a window 790 while pair 791 
is blocked by encoder 793. The width of each slot is half 
of the intervd between them. Each pair is dso eqdpped 

proportiond to oxygen saturation. Defaulta provide an 20 with a narrow slit to improve resolutions. The rdation-
initid volume and pitch to these signals. 

The information is updated from the microprocessor 
16 on a continud and regular basis, modified ody by a 
digitd filter which serves the. purpose of averaging 
recent pulse history with present information. This 25 
simply serves to smooth out transient small deviations in 
pulse rate and oxygen saturation due to physiologic and 
artifactud noise variations. 

The microprocessor 16 continues to sample data and 
compare it to the current alarm limita in the instrument 30 
Upon power up, in the presendy preferred embodiment 
the dann limita are defadted to an 8S% lower oxygen 
saturation limit, a lower pulse rate limit of 55 and an 
upper pdse rate limit of 140. 

The darm limit defadta and the audio signd from 35 
speaker 15 may be changed in the following manner. 
The volume of the beep tone from speaker 15 can be set 
by the user by turning opticdly coupled control knob 
10 (FIG. 1). Turning control knob 10 dockwise will 
enable volume to be m«irimiT<»H. turning knob 10 coun­
ter-clockwise can enable the audio output of speaker 15 
to be totally inhibited. 

To dter an darm limit parameter, one of buttons 2-4 
is pressed. For example, when saturation limit button 2 
is pushed, the current saturation levd alarm limit is 45 
displayed on digit 794-796. Imtially, that will be the 
defadted limit of 85. Opticd knob 10 is then enabled for 
adjustment of oxygen saturation limit iBy turning knob 
10 in dther direction, that limit may be changed any­
where from 0 to 100%, depending on what the diddan 
deddes is an appropriate saturation alarm for the pa­
tient's situation. After about two seconds of inactivity 
on knob 10, knob 10 will automatically be disabled for 
saturation limit, adjustment and will return to the vol-
ume adjustment mode. Conciirrendy, the display 1 is 
switched back to show the current oxygen saturation 
level and the current pulse rate. High pulse rate limit 
button 3 and low pulse rate limit button 4 work in an 
andogous fashion. Alarm status indicator lighta 6,7 and 
8 flash when thdr respectivie alarm limita are exceeded. 
Lighta 6-8 flash irrespective of whether the audio darm 
is enabled or disabled by darm inhibit button 5. 

Recall that in the absence of parameters exceeding 
darm liidta, speaker 15 is emitting a pulsed tone whose 

ship between LED-photosensor pair 791 and 792 is such 
that they are separated by an angle representing 25% of 
the slot-to-slot angle, a rdationship known as quadra­
ture. 

Were encoder 793 to be rotated in a clockwise direc­
tion, pair 791 would remain occluded at the point in 
time when 792 becaote occluded, whereas if rotated 
counter dockwise the opposite would be true, that is 
791 wodd be non-ocduded when 792 becune oc-
duded. A similar unambiguous rdationship edsta be­
tween the two pain of LED-photosensors for each 
edge of each window. In such manner, ngnds may be 
sent to microprocessor 16 which indicate the direction 
of rotation and step of knob 10. 

Signals from opticdly coupled pairs, such as pair 791, 
are presented to comparators 720 and 721. Through 
control logic 722. both the direction of turn and the step 
of knob 10 is presented to the microprocessor. Signd on 
output DIR 724 enables the microprocessor 16to cdcu-

40 late direction of turn and signd on output STTEP ITS 
enables determination of step. The advantage of this 
particular arrangement is that the absolute position of 
the knob 10 becomes immaterid. Ody when the micro­
processor 16 is recdving signals from a changing knob 
position does the position of the knob 10 have any im­
port 

Referring to FIG. 16, direction signd 724 and stq> 
signal 725 are. passed to mput gate 732. Chip 732 is 
enabled through control logic 734. Inputa from buttons 
2-5, in combimation with direction signd 724 and step 
signd 725. output through bus AD0-AD7 to give, in 
turn, direction and amount of alarm limit correction in 
RAM memory. 

Referring to FIG. 17, the LED display drodtry is 
therein illustrated. Digit sdection data presented on 
data lines OD0-OD7 enters latch 701 enabled by dis­
play sdect DSPSEL 717. The data is outputed to driver 
702 and driver 711 to derive numericd digit select ng­
nds SEL 0 duough SEL 7, 705-710. SEL 0 throu^ 
SEL 5 enable . 7 segment LED dedmd numericd dis­
plays 794-799. 

Data representing the numericd vdues to be dis­
played on digita 794-799 enten latch 703, enabled by a 
display digit DSPDIG 718. The outputa of latch 703 are 

50 

ss 

60 

frequency of repetition equals the patient's pdse rate 65 inputed to drivers 704 and 714. The output of drivers 
and whose pitoh is proportiond to oxygen saturation. 704 and 714, bit 0 through bit 7, switch on segmenta of 
When the alarm is enabled by button 5, shodd any the individually selected standard 7 segment LED dis-
parameter exceed ita respective alarm limit, speaker 15 play, presenting 1 decimd digit of the current oxygen 
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saturation level or limit, or the current pulse rate level Kais a constimt for reduced hemoglobin and AM îs the 
or limit The other digita are displayed, in turn, in simi- change in reduced hemoglobin. 
lar fashion. It wj]] be remembered, that we are conducting our 

SEL 7 715 and SEL 6 716 eadi operate 8 LEDs per examination at two discrete wavdengtiis. This being 
chip of LED chips 712, 713 The number of LEDs per 5 ^̂^̂  ^ ^̂ ^̂ ^ ^̂ ^̂ ^̂  ^ ^ expanded to indude 
chip ht ui determined by bit 0 dirough bit 7. The number applicd,le constanta at each wavdength thus: 
of LEDs lit wul be proportional to the pulse strength 
and die rate of flashing of displays 712, 713 is synchro­
nous to heart rate, as discussed above. ^ • (̂ ) 

Findly, FIG. 18 illustrates control of the audio out- 1" ~7~ | xi " + 
put of speaker 15. Voltage levds W O L 378 and 
VBEEP 604 (see FIG. 10) correspond to desired vol- (4b) 
ume and desired pitch, respectivdy. Passing VBEEP -—- = K^AMM + KBI^B 
604 to timer 740 and transistor 743 to speaker 15 via ' ̂  
connector 741, resulta in a modulated pitch and tone . „ . . ..-
repetition rate. Passing W O L 378 to transistor 742 and i and K«i are die respective oxy-hemoglobm 
connector 741 to speaker 15 moddates the volume of ""d reduced hemoglobin constanta at a first wavelength 
the tone. ^ ("y the red wavelength) and Kyfj and K^j and are 

t w : V n m Ttrtxi ^ coHstante at a second wavdength X2. 
THEORY OF OPERATION 20 it wiU be appreciated diat each of the constanta hav-

The. method of operations involves taking measure- ing the form Kjq>is a constant that rdates the relation of 
menta of light transmission in tissue at two distinct the change ofabsorptionto.the totd light absorption for 
wavdengths (red and infrared) at two arbitrary pointa a particular color and change of matter due to pdsatile 
in time, these pointa in time bdng but a smdl fraction of flow. 
die time for a complete pulse. The wave form of a pulse Realiang dut we are after the fraction S (saturation) 
of blood in the hmnan flesh is digitally pKrtted. By con- oxyhemoglobin to total hemoglobin dien we know 
sidermg the change m the transmission of light due to 
inflowing arterid blood, a measurement is made. 

Regarding this transmission, as blood flows in. light is 3Q UHA^SUH (Sa) 
absorbed. Consequendy the resident detector of light, 
photosensor 38. sees less light Thus, it is the drop in AAraci(i-5)AM (Sb) 
light received at the photosensor that indicates the pd­
satile component where 

Assuming that the ambient transmission (approd- 33 
mately 99% of the signd) is represented by the letter I tu=LMA+^B (6) 
and the change in transmission during the pdse is de­
fined by the letter Al then the equation for representing where S equds the saturation and (1 - S ) equals the 
the change in transmission rdative to die unchanging fractiond presence of die reduced hemoglobm. Placing 
matter in die flesh to be integratid is represented by the 40 diis into die previous equation yields die resdta: 
equation: 

(6a) 
XI 

45 
where AM is the change in materid in the flesh during (6b) 
the pulse. -y- = K^iSAM + KBA\ - S)^ 

Interposing a constant to produce an equation yidds ^ 
the form: 

50 
It can be seen from the above equations that once 

saturation is determined, solution for blood perfusion 
- ^ - K i M . W (AM)istrivid. 

At this juncture, we surprishigly define a ratio related 
where K is a constant of proportiondity in the resdtant to the light transmission at two dififerent wavdengths. 
equation. 55 In defining this ratio, the reader will realize that we 

Redizing that the ciumge in mass is composed of avoid madpdation in accordance with logarithmic 
blood whose opticd absorption is larger than die tissue proportionality. Specifically, we define the ratio be-
and that this blood indudes two forms of hemoglobin: tween light transmitted and recdved at the wavelength 
oxy-hemoglobin (hemoglolmi widi appended oxygen) at die wavdengdi X2 as follows: 
and reduced hemoglobin (hemoglobin without oxygen), 60 
this equation can be expanded for two varianta of matter 
thus: 

= KAIMA + K B ^ B 55 

-7- XI 
A/ X2 
/ 

C7) 

where is a constant for oxy-hemoglobin AM.4 is the Substituting the vdues of change of light absorption 
amount of matter due to the influx of oxy-hemoglobin; over totd light transmission yields: 
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poor conditions during birth resulting in cerebral pdsy 
KAIS + KB\ - 5 KBI (8) >s contemplated. Likewise, any other cutaneous location 

* = KA2S + KB2 - S K B 2 will suffice, e.g. the nasal septum. 

. . . . u • f e • .J 5 THEORY OF MONITOR CONFIDENCE LIMITS Likewise, substitutmg for S yields: ' 
In order to provide an "intelligent" separation of the 

KBI - KKBI (9) patient's pulses from noise and motion artifacta, a 
•S = jt(jŷ 2 - KB2) - {KAI - KB\) method of storing expected pulse characteristics and 

comparison to potentid pdse wave forms is employed. 
Thus, it can be seen that a rdationship edsta for bodi '° mediod requires five "yectora" or lista of parame-

die ratio R and the saturation S. parameters are AIxi, Ixi. AIx2.1x2. and die 
Those in die medicd arte will realize diat die num- P"^ "te and are shown schematicdly in memory 400 

bers sought to be determined dectromcdly by die ab- °^ t̂ shodd be noted diat these parameters are 
sorption of light, are dso capable of laboratory tests. the saute as die transmisdon parameters described 
SpecificaUy. diere are a number of laboratory protocols " above widi scalmg appropriate to 16-bit binary aridune-
and tests whose accepted results yidds saturation. This tic. 
being the case, a procedure for the calibration of dl A set of historicd vdues for each parameter is stored 
instrumenta becomes immediatdy apparent in RAM, the history, list. Each of these lista is five de-

Spedfically, by taking laboratory arterid oxygen menta long in the present application, but codd be 
saturations from individuab at differing saturations Si, ^ shortened or expanded as required. The history lista are 
Si, S3, and S4, we can measure spedfic transmission used as references for the current parameters being 
ratios Ri, R2, R3, and R4. To reliably obtain these ratios tested, dso stored in RAM. This comparison yidds a set 
Ri, the present instrument itself is used, in particular the of differences, which are similarly stored in coded form 
portion of the device related to obtaining reliable mea- as difference codes. Associated with each parameter is 
surementa at hand herein. We thereafter can make an " also a "confidence" code which is, in essence, a toler-
initid guess as to coeffidenta for both oxy-hemoglobin ance levd for each current parameter, as will be de-
and reduced hemoglobin. scribed bdow. 

Taking one ofthe aforementioned constanta I. this The first step in the confidence checking is to store 
constant can be broken down into two discrete compo- ^ the current parameters and then to compare the vdue of 

' nenta First, one component can come from a previ- these parameters with the vdues stored in the history 
oudy determined vdue and be denominated C^i. Se- list Note that the contenta of the history list presumably 
condly, and for each instrument, this constant will of contain the previous good pulse parameters. In the start 
necessity change. This change will be due to the condi- up condition these pdse parameters are loaded with 
tions of observation, individud instrument dectrodcs aibitrary idtid vdiies, and associated with a low confi-
and the like. This vdue can be express AC^|. Each of dence code admitting wide variations of data. Here, die 
the four constanta in the above equation can likewise be parameter of totd light transmission Ixi is illustrated 
expanded in the same way. stored in memory 402. 

A/̂  UB c:i>x Once the difference codes have been computed and 
" f^l^^irm-i?^^*^ (10) 40 placed in inemoryjMB, d«y are compared widi^e 

correspondmg stored confidence codes m memory 404. 
where i is an index related to at least four m^ured TJiese confidence codes, which have die same range as 
saturations and transmission ratios. the difference codes, are a description of how dose die 

Those skflled in madi and instrument cdculation can current parameter must be to the historicd vdue to be 
now see that the AC quantities in all states and wave- 45 considered acceptable. Both the difference codes and 
lengths can be simdtaneoudy solved provded that four the confidence codes are coded m such a way diat a 
independent saturations are utilized. Therefore, a set of code of 0 representa a difference or tolerance of 0-12%. 
constanta is attained, which constanta can be utilized for ^ representa 13-23%, 2 representa 26-37%, and so forth, 
programming individudly produced instrumenta at all to the code of 8 which representa a 100% mismatch, 
values of S. SO The meaning of this code with respect to this differ-

The aforegoing relations can be dtemativdy stated. ence is that simply the ratio of the current parameter to 
We have found that the relation of R (the ratio of trans- the historicd parameter, and with reqiect to the confi-
mission) to S (saturation of the hemoglobin with oxy- dence codes, representa the tolerance for the parameter, 
gen) is capable of simple curve fitting. Spedfically, for Once the confidence codes have been computed for 
at least human beings a constant and predictable curve 55 each parameter, they are then summed at register 405 to 
of S with respect to R resdta. By utilizing this rdation- generate a confidence score for the set of parameters, 
ship in a look-up table, one may quickly compute the This totd score is then compared to a threshold or a 
saturation of a patient maximum acceptable score. It dionld be noted that a 

Note that in our device, nnlika in the prior art, a light low score representa a dose match to the expected 
source of isobestic wavelength is not used, nor is appa- 60 vdue, and activates an enable 407 which allows data 
ratus for taking logarithms necessary (see equation 7). reception. 

The reader will realize that the disdosed pulse oxime- If the totd confidence score is bdow the threshold, 
ter or plethysmograph is targeted for use typicdly on a then the program assumes that the pdse is indeed a 
human digit It shodd be redized that the disdosed good pulse and takes a branch to update the confidence 
pulse oximeter works equally wdl on any number of 65 codes and edta to process the pdse. If the confidence 
cutaneous locations. Idealized and a preferred use of the. code is diove the threshold all data is rejected, 
extremely small and locd sensor of this invention is on The confidence codes are individually adjusted by 
the scdp of children bemg bom. Avddance of oxygen comparing the confidence code with the difference 
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code for each parameter. If the difTerence code is 
smdler, then the confidence code is decremented by 
one count, expressing a higher level of confidence for 
the next text If the difference code is larger, reflecting 
a parameter that was not within tolerance, dthough the 
total was satisfactory as a set, then that individud confi­
dence code is incremented, representing an eroded con­
fidence level. This process of incrementing or decre­
menting is repeated twice if the pulse was successfiil so 
that the confidence codes qdckly converge on good 
pulses. 

In the event that the score was not acceptable, the 
program retesta dl of the parameters except for the 
pdse period, this being the parameter most likdy to go 
out of bounds from motion induced artifact Assuming 
that it still fdls, the confidence codes are re-adjusted 
once as described above in order to erode the confi­
dence levels somewhat in preparation for the next trid. 

The program then makes one last check with these 
updated confidence codes before edting and rejecting 20 
the pdse. The reason for this last check is that the confi­
dence codes which will be applied to the next pulse 
might as wdl be applied to the current pdse as wdl. in 
the event that the pdse is only dighdy outside the ac­
ceptable window. This techdque provides a good re- 25 
sponse to changing pulse conditions. 

The above description oudines in a generd way the 
confidence code processing used in the oximeter to 
provide an intelligent processor for physiologicaUy 
based signals. A more detailed description is contdned 30 
within the commenta of the program listing contdned in 
the microfiche appendix. 

The reader will appreciate that the disclosed process 
is an intermediate step in the indication of the measure­
ment. 

In addition, the reader will appreciate that for the 
purposes of determining the cdibration of the instru­
ment in human subjecta. the techdque of determining 
measurements of Ri with high levds of confidence use 

35 

18 
of the invention. For example, high oxygen saturation 
limita are needed on applications involving newborn 
infanta to prevent bronchopulmonary dysplasia and 
retrolentd fibroplasia. Provision of an additiond darm 
limit for high oxygen saturation is well within the scope 
of this invention. Therefore, the above description and 
illustrations shodd not be construed as limiting the 
scope of the invention which is defined by the appended 
cldms. 

What is claimed: 
1. An oximeter apparatus for use in measuring pdse 

rate and oxygen saturation ofblood by means of al»orp-
tion of opticd radiation through living tissue compris­
ing: 

first and second light sources for emitting light at a 
first and second wavdength. respectively; 

a light sensor; 
said light sources and light sensor bdng adapted to be 

addressed to sdd tissue to define a light path 
through said tissue between sdd light sources and 
sdd light sensor, 

means for detecting signals corresponding to light 
recdved by sdd light sensor at each of sdd first 
and second wavdengths and for deriving from sdd 
signals a pulsatite signd corresponding to a pdsa­
tile characteristic of arterid blood flow and gener­
ating a dgnd corresponding to oxygen saturation 
of the blood; and 

means for generating an audible intermittent tone 
signd, sdd tone signd generating means further 
comprising 

means responave to sdd pulsatile signd for control­
ling the occurrence of said audible tone signd. and 

means respondve to sdd oxygen saturation signd for 
varying the tond frequency of sdd audible tone 
signd with oxygen saturation. 

2. The apparatus of daim 1 wherein said means for 
varying the tond frequency of sdd audible signd com­
prises means for decreasing sdd tond frequency with 

the instrument itself to determine the calibration param- 40 decreasing oxygen saturation. 
eters as oudined herein. 

In-summary, it can be seen that the pdse oximeter 
modtor of the present invention provides a wide vari­
ety of essentid information to attending physidans and 
in a variety of visud and audio forms. While the above 45 
provides a fdl and complete disdosure of the preferred 
embodimenta of the invention, various modifications, 
dternate constructions, and eqdvdenta may be em­
ployed without departing from the true spirit and scope 

50 

3. The apparatus of daim 1 fiirther comprising: 
an array of lights; 
dredt means coupled to recdve sdd pulsatile signd 

from sdd detecting means for flashing said li^ta; 
and 

circdt means for varying the number of sdd lighta 
whidi are flashed in rdation to the intensity of sdd 
pulsatile signd. 

55 

60 
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localized blood volume changes and as the average 
background oxygen saturation level of the patient's 
blood changes. The invention rdates to correcting the 
detected opticd pulses by linear interpolation and rate 
of change techmques or by selective frequency filtering 
and compensating the detected opticd signal using the 
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and the other channel for processing the infrared light 
METHOD AND APPARATUS FOR CALCULATING waveform. The separated signds are filtered to remove 

ARTERIAL OXYGEN SATURATION BASED the strobing frequency, electricd noise, and ambient 
PLETHYSMOGRAPHS INCLUDING TRANSIENTS noise and then digitized by an andog to digital con-

S verier ("ADC"). As used herein, incident light and 
Tliis is a division of application Ser. No. 07/175,115, transmitted light refers to light generated by the LED 

fded Mar. 30. 1988. now U.S. Pat. No. 4,869,254. or other Ught source, as distingdshed from ambient or 
This invention relates to non-invasive pulse oximetry environmentd light, 

and specificdly to an improved method and apparatus fhe Ught source intensity may be adjusted to ac-
for cdculating arterid saturation during transient con- 10 comodate variations among patients' skin color, flesh 
ditions based upon photoelectric determination of a Sickness, hdr, blood, and other varianta. The light 
patiot s pletiij^ognph. Tins specification is accom- transmitted is thus moddated by the absorption of light 
pamed by a software appendix. varianta, particularly the arterid blood pulse or 

BACKGROUND OF THE INVENTION pdsatile component, and is referred to as the plethys-
. mograph waveform, or the opticd signd. The digital Non-mvasive photoelectnc pulse oximetry has been .k_ ;< »r.r.-.H , , .».-• , . -w J • Tif B . m.T A Ani tnr\ »Te! rcprescntation Ot tile optical Signal IS reicrreo 10 as ihc 

?rri.?ss?u"s.P«:S:4̂^̂^̂^̂^ ŝrn'rtĥ xr°'''"'̂ T\rd 
No. 3.998.550. U.S. Pat. No. 3,704,706. European Patent ^ \ "^f" «° P"^"^« component is labeled 
AppUcationNo. 102,816 published Mar. 13.1984, Euro-20 "15P*"^P"'^^^ .• , - , • u 
pean Patem Application No. 104.772 published Apr. 4, .^h* °P»«*^ "B?'*'« processed by the 
1984, European Patem Application No. 104.771 pub- microprocessor of the N-lOO oximeter to analyze and 
lished Apr. 4. 1984. and PCT Intemationd Publication «»«»»'fy °P""> corresponding to artenal pulses 
WO 86/05674 published Oct 8. 1986. Pdse oximeters ««• ̂ ° develop a history as to pdse periodicity, pulse 
are commercidly avdlable from Nellcor Incorporated, 25 *»PC> •"•1 determined oxygen saturation. The N-lOO 
Hayward. Cdif.. U.S.A.. and are known as. for exam- odmeter microprocessor deddes whether or not to 
pie. Pdse Oximeter Modd N-lOO (herdn "N-lOO oxim- • detected pulse as corresponding to an arterid 
eter") and Modd N-200 (herein "N-200 oximeter"). P«lse by comparing the detected pulse agdnst the pulse 

Pulse oximeters typicdly measure and display vari- history. To be accepted, a detected pulse must meet 
ous blood flow characteristics including but not limited 30 certain predetermined criteria, for example, the ex-
to blood oxygen saturation of hemoglobin in arterial pected size of the pulse, when the pulse is expected to 
blood, volume of individud blood pulsations supplying occur, and the expected ratio of the red light to infrared 
the flesh, and the rate ofblood pulsations corresponding Ught of the detected opticd pulse in accordance with a 
to each heartbeat of the patient. The oximeters pass desired degree of confidence. Identified individual opti-
light through human or animd body tissue where blood 3S cd pulses accepted for processing are used to compute 
perfuses the tissue such as a finger, an ear. the nasal the oxygen saturation from the ratio of maximum and 
septum or the scdp, and photodectricdly sense the minimum pulse levels as seen by the red wavelength 
absorption of Ught in the tissue. The amount of Ught compared to the maximum and minimum pulse levels as 
absorbed is then used to cdculate the amount of blood seen by the infrared wavelength, in accordance with the 
constituent being measured. 40 following equation: 

The Ught passed through the tissue is selected to be of 
one or more wavelengths that is absorbed by the blood Bgi-KiBRli 
in an amount representative of the amount of the blood S»iumion = 100% x - BK\) + BR2 - am 
constituent present in the blood. The amount of trans­
mitted light passed through the tissue will vary in ac- 43 wherein 
cordance with the changing amount of blood constitu- B O I is the extinction coeffident for oxygenated he-
ent in the tissue and the rdated light absorption. moglobin at light wavdength 1 Gnfrared) 

For example, the N-lOO odmeter is a microprocessor 302 is the extinction coefficient for oxygenated he-
controlled device that measures oxygen saturation of moglobin at Ught wavelength 2 (red) 
hemoglobin using light from two light emitting diodes SO g^, ^ extinction coeffident for reduced hemo-
(••LED s"). one having a discrete frequency of about „ „ wavelength 1 
660 nanometors in the red light range and tiie other ^ extinction coeflident for reduced hemo-
having a ducrete frequency of d»ut 925 nanometers m „ wavelength 2 light wavdength 1 is 
the mfrared range The N-IOO oxmieter microprocessor „ »^ ̂  wavdength 2 is red Ught and 
uses a four-State clock to provide a bipolar dnve current 55 ^ * » ^ » wavel«gth 2 to 
for tiie two LED'S » that a positive current pu^ wavdength 1 andt cdculated as: 
dnves the mfrared LED and a negative current pdse ^ 
drives the red LED to illuminate dtemately the two 
LED's so that the incident Ught will pass through, e.g.. ^ _ Hlmta/i,iMi 
a fingertip, and the detected or transmitted light will be 60 Wmix\/lm«,\\ 
detected by a single photodetector. The clock uses a 
high strobing rate. e.g.. one thousand five hundred cy- wherdn 
des per second, to be easily distingdshed from other Imozj is the maximum light transmitted at light wave-
light sources. The photodetector current changes in length 2 
response to the red and infrared Ught transmitted in 65 Imm2 is the minimum light transmitted at Ught wave-
sequence and is convened to a voltage signd. amplified. length 2 
and separated by a two<hannel synchronous detec- Inuzi is the maximum light transmitted at light wave-
tor—one channel for processing the red Ught waveform length 1 
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Immi is the minimum light transmitted at light wave- oxygen saturation increases. This results in the detected 
length 1 opticd signal value having a smaller pulsatile ampli-

The various extinction coefficienta are determinable by tude. i.e., a smdler relative difference between the max-
empirical study as are well known to those of skill in the imum and mimmum of the pulse. In contrast, the trans-
art. For convenience of cdculation, the natural log of 5 imttance of the infrared light near the 910 nanometer 
the ratios may be cdculated by use of the Taylor expan- wavelength decreases as saturation increases, which 
sion series for the naturd log. causes the infrared pulsatUe amplitude—relative maxi-

Severd dtemate methods of processing and inter- mum to minimum—to increase. For both wavelengths, 
preting opticd signd data have been disclosed in the the transmittance changes with changing saturation are 
patenta and references cited above. 10 substantidly Unear and continuous in the range of clini-

Nomdly, the relative oxygen content of the patient's cd interest, i.e., oxygen saturations between 50% and 
arterid pulses remains about the same from pulse to 100%. 
pulse and the . average background absorption between The accuracy of the estimation is of particular con-
pdses remdns about the same. Consequently, the red cem during rapid desaturation, where average oxygen 
and infrared light that is transmitted through the pulsa- IS saturation drops rapidly, but the saturation determina-
tile flow produces a regularly modulated pletheysmo- tion based on the detected opticd signds indicates a 
graph waveform having periodic optical pulses of com- greater drop than has actudly occurred. The deter-
parable shape and amplitude and a steady state back- imned saturation thus may actuate low limit saturation 
ground transmittance. This regular pulse provides for darms on an oximder device that can result in unneces-
an accurate determination of the oxygen saturation of 20 sary and wasteful efforta to rescusitate a patient not in 
the blood based on the detected relative maximum and danger. 
minimum transmittance of the red and infrared light. Applicanta believe that the change in transmittance 

Changes in the patient's locd blood volume at the that occurs between the maximum transmittance time 
optical detection site affect the absorption of light. and minimum transmittance time is due to the difference 
These localized changes often result from motion arti- 25 in arterid pulsatile length of pulse that has the same 
fact or respiratory anifact which mtroduce artifidd oxygen saturation. Because the pulsatile amplitude is 
pulses into the blood flow. For example, on each inhda- qdte smdl. typicdly less than 5% of the overdi inten­
tion, the venus return is occluded slightly, which resdta sity change, any smdl change in overdi or background 
in the background intensity component of transmittance transmittance. such as sUght changes in average blood 
being decreased due to the relatively larger volume of 30 saturation, can have a rdativdy Ivge effect in the dif-
blood at the opticd detection site. Exhdation dlows the ference in maximum and minimum intensity of the light 
venus return to expand, thereby decreasing the volume levels. Because the transmittance effect of changing 
of blood and increasing the background intensity com- oxygen saturation is opposite in direction for the red 
ponent of transmittance. Consequently, the periodic Ught at 660 nanometers than for infrared Ught at 910 
optica] pulses ride on a background intensity compo- 3S nanometers, this can result in over-estimation of the 
nent of transmittance that rises and fdls with blood pulsatile ratio during periods when saturation is de-
volume change. This background intensity component creasing, and under-estimation during periods when 
variation, which is not necessarily related to changes in saturation is increasing. 
saturation, affects the pulse to pulse uniformity of shape. It is therefore an object of this invention to provide a 
amplitude and expected ratio of the maximum to mini- 40 method and apparatus for compensating for the effecta 
mum transmittance, and can affect the reliability and of transient conditions in the actual opticdly detected 
accuracy of the saturation determination. dgnal, thereby providing a more accurate estimation of 

In addition, there are times when the patient's back- the actual oxygen saturation vdue. 
ground level of oxygen saturation undergoes transient It is another object of this invention to compensate 
changes, for example, when the patient loses or reac- 45 for the effecta of distortion in the detected oxygen satu-
quires oxygen exchange in the lungs while under gase- ration signd caused by artifacta due to locdized blood 
ous anethesia. Consequently, the detected red and infra- volume changes. 
red light transmittance changes and the detected pie- It is another object of this invention to compensate 
thysmograph waveform rises or fdls over time with for the effecta of distortion in the detected oxygen satu-
changes in the average oxygen saturation level in the SO ration signd caused by transient saturation or blood 
patient's blood. The transient waveform distorta the volume artifact by using a determined rate of change 
pdse shape, amplitude, and the expected ratio of the from pdse to pdse. including using interpolation tech-
pdses. which in turn affecta the reliability and accuracy dques. 
of the saturation determination. It is another object of this invention to compensate 

Heretofore, with the foregoing known techmques for SS for the effecta of distortion in the detected oxygen satu-
cdculating arterid oxygen saturation, it was known ration signd caused by transient saturation or blood 
that, during changes in the background intensity ab- volume artifact by udng the low frequency characteris-
sorption component due to artifacta from changes in the tics of the detected signd vdues. 
patient's blood volume or transient saturation changes, CTIMMARY O F THE INVENTION 
die determined saturation vdue was not accurate and 60 SUMMARY OF THE IN V H N I I U N 
that it would not become accurate agdn until the aver- This invention provides a method and apparatus for 
age absorption (or transmittance) level stabilized at the compensating for the artifactud errors in light transmit-
end of the artifact or the saturation transient. tance during blood volume changes or transient satura-

It dso was known that saturation calcdations based tion changes (hereinafter collectivdy referred to as 
upon transient optical signals provided an over-estima- 65 "transient conditions"), thereby providing for im-
tion or under-estimation of the actual saturation vdue, proved accuracy of oxygen saturation cdculations dur-
depending upon the trend. The transmittance of red ing transient conditions. The invention provides appara-
Ught near the 660 nanometer wavdength increases as tus for processing the detected opticd signds during 
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transient conditions so that the distortion in transmit- tion. Thus, using the adjusted pulse vdues in place of 
tance caused by the transient can be compensated. In the detected pdse vdues in the modulation ratio for 
one embodiment, the compensation is made by convert- cdculating oxygen saturation provides a more accurate 
ing a transient plethysmograph waveform into a steady measure of oxygen saturation than would otherwise be 
State waveform whereby tiie ratio of tiie maximum and s obtained during transient operation, 
mimmum transmittance can be determined based on the i„ the preferred embodiment, the transient error is 
converted waveform and used in making the saturation corrected by Unear interpolation whereby the deter-
determination. In an dternate embodiment, the com- ,gjĴ ĝ  maxima and minima for a first and second optical 
pensation is made by divding tiie detected opticd sig- pulses are obtained, the second pdse following the first 
nd by Ite low frequency components. i.e.. Uic back- ,o preferably immediately following the first pulse, 
ground and transient frequencies below tiie hean beat „ j "j,^ respective rates of change in the transmittance 
frequency, from which quotient signd tiie compensat̂  wavdength is determined from tiie minimum 
maximum and mmmium tranwrnttMce vdues can be , ^ 4 ^ ^ ^ , f̂ die first detected pdse to the 
detected "d used m mdcing the saturation determina- of thrsecond detected pdse. The determined 
tion. Tliroughout this application the words compen- ,5 P compensate for anv 
sate, correct and adjust are mtended to have the same " . . • • . •.. r .u' 
meamng in dtat die actud detected vdue is converted "> *e detected mimmum transmittance of the 
to an ^ificid vdue diat resdta in a more accurate detected pdse introduced by die transient m 
estimation of the actud oxygen saturation of die patient. "ccordance witii die following dgonthm: 

In the preferred embodiment, the detected opticd 20 
signds are obtained conventiondly by passing red and IUIKR)* = (teindi - i) + lKbiin(") -
infrared light through a patient's blood perfused tissue. 
detecting the transmitted light which is modulated by lundi - i)] x ' r " , ," "™. , ~ ,"' 
die blood flow, and providing red and infrared detected " "™"'" " 

K t f S t ^ S i V S e S t ? ^ ^ ^ ^ « wheretmax(n)isthetimeofoccurrenceofthed^^^^^^^^ 
Tlie corresponding red and infrared digital opticd sig- transmittance at the n maximum; tmin(n) is 
nds are theVproccssed in accordance with the present *5 ot occaTrmct of the detected mmimum trans-
invention and the light modulation ratios are deter- mittance of the wavelength at the n minimum; Vmm(n) 
mined based on the resdting corrected transmittimce ^ «».»̂ « «>«~t«l pP""' «8"*' minimum vdue at the 
pulse and used to cdculate oxygen saturation. mmrnium transmittance of the wavelength at the n mini-

In one embodiment, the transiem error is corrected Vmin(n)» is the corrected vdue. for n being the 
by linear interpolation whereby the determined madma ««»nd opticd pdse, and n-1 bdng the first opticd pdse 
and minima for a first and second optical pulses are of wavelength. 
obtdned, the second pulse following the first and pref- By application of die foregoing linear interpolation 
erably immediatdy following the first pulse, and the routine, the detected minimum transmittance vdue at 
respective rates of change in the transmittance of that t=n can be compensated, using the detected values 
wavelength is determined from the maximum transmit- detected at the precedmg pulse t=n-l. to correspond to 
tance point of the first detected pulse to the second the transmittance vdue that would be detected as if the 
detected pulse. The determined rates ofchange are then ^ pulse were detected at steady state conditions. The 
used to compensate any distortion in the detected trans- compensated minimum vdue and the detected (uncom-
mittance of the first detected pulse introduced by the pensated) maximum vdue thus provide an adjusted 
transient in accordance with the following dgorithm: opticd pulse maximum and minimum that corresp>ond 

more closely to the actud oxygen saturation in the 
»taax(ff)* - Knudi) - (Cnux(ii) - 43 patient's blood at that time, notwithstanding the tran­

sient condition. Thus, using the adjusted pulse values in 
i>iBu(, + 1)] t"™*'"̂  ~ """'"Ml phu:e of die detected pulse vdues in the modulation 

[imu(ii + I) - fBiax(ii)] ^jjjj cdculating oxygen saturation provides a more 
V - .1. ^ r r.v J accurate measure of oxygen saturation than would oth-

where tmax(n) is the tmie of occurence of die detected ^ operation, 
maximum transmittance at the n maximum; timn(n) « 50 « ^ 
the time of occurrence of the detected nummum trans- tt.. /v,«.w»<.^ J X . » tn t 
mittance of die wavdengdi at the n mimmum; Vmax(n) condmons Ae compensated vdue is equal to the 
"S^deLaed opticd rignd madmum vdue at dii V^"^'Vl^f"^ '^''T^T/Z' 
madmum transmittance Jf die wavelength at die n tme may be applied to die detected signd at all tunes, 
madmum; Vinax(n)» is the corrected vdue, for n bdng 55 «ther than ody when tn^ent conditions are detected, 
die first opticd pdse. and n-l-1 bdng the second opticd Also, the dgondun may be apphed to compensate the 
pulse of that wavdength detected other minunum or maximum transmittance 

By application of die 'foregoing Unear interpolation vdues by appropriate adjustinent of die dgorithm 
routine, the detected maximum transmittance vdue at terms. 
t=n can be corrected, usmg the detected vdues de- 60 Tlie amount of oxygen atuntion can be then deter-
tected at die next coming pulse tsn-(-1, to correspond mined from diis adjusted opticd pulse signd by deter-
to die transmittance vdue that would be detected as if mining the relative maxima and mininu as compensated 
die pulse were detected at steady state conditions. The for the respective wavdengths and using diat inforraa-
corrected tnâ innini vdue and the detected (uncor- tion in determining the moddation ratios of the known 
rected) minimum vdue thus provide an adjusted opticd 65 Lambert-Beers equations. Indeed, the present invention 
pulse «w«itniiin uid midmum that correspond more may be applied to any pdsatile flow detected by light 
closely to the actud oxygen saturation in the patient's absorption or transmittance corresponding to the flow 
blood at that time, notwithstanding the transient condi- having transient changes or conditions, whether based 
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on the occurrence of individud pulses or averaged the background intensity and any gradual changes in 
pulses. the background intensity corresponding to the transient 

Applicants dso have discovered that the detected condition, and the second domain being above the first 
opticd signds can be processed and corrected in accor- so that it includes the spectrd componenta of the funda-
dance with the present invention by using the frequency 5 mentd and higher order harmonics of the fundamental 
characteristics of the detected opticd signal. The opti- for the number of heartbeab in the sample. The separa-
cd signds for a given wavelength corresponding to the tion must occur so that no phase shifting occurs in the 
pulsatile arterid blood flow have spectrd componente first domdn. Then, the filtered first domdn spectral 
including a zero frequency at the background transmit- componente can be transformed back into the time do-
tance intensity level, a fundamentd frequency at the 10 mdn, into the background and changing background 
frequency of the beating heart, and additiond harmodc intensity, and divided into the unfiltered detected pulsa-
frequencies at mdtiples of the fundamentd frequency. tile waveform in phase thereby compensating for tran-
Noise, spurious signds. and motion artifact that appear nent conditions in the imfdtered waveform. As the 
in the detected optical signd have frequendes that time-measure is updated to include the patient's current 
spread across the spectrum. Transient changes to the 15 condition, the divison of the unfiltered waveform by its 
background transmittance intensity appear as low fre- low frequency components thus correcte the pulsatile 
quency signds that are below the heart rate frequency. amplitude for changes in the background transmittance 

In accordance with an dternate embodiment of die on a continuous basis. Thereafter, the oxygen saturation 
invention, for each of the wiavdengths of the light trans- cdcdation can be based upon the compensated quotient 
mitted, the detected opticd signal is split into two por- 20 waveform. 
tions. For one of the portions, the frequency domdn Similar to the preferred embodiment, this frequency 
corresponding to the frequency componente below the compensation embodiment may be used dl the time, 
range of the measured heart rate, including the back- The apparatus of the preferred embodiment present 
ground and any transient frequency components, is invention can be used for either time domain or fre-
separated from the higher frequency components. Ap- 25 quency domain transient correction, and includes inputs 
plicants have discovered that if the first domdn is sepa- for the detected opticd signds, an andog to digital 
rated so that no phase shifting occurs relative to the converter for converting the andog plethysmograph 
other portion of the unfiltered detected signal, the first signal to the digital optical signds (udess the plethys-
domain signal can be divided into the unfiltered signal, mograph signds are provided in digitd form), and a 
thereby to correct for changes in the pulsatile amplitude 30 digitid signd processing section for recdving the digi-
in the unfiltered signal portion on a continuous basis, for tal signds and processing the digital detected optical 
the background transmittance during steady stale con- signd in accordance with one of the foregoing analysis 
ditions, during artifactual blood volume changes and techniques of the present invention, including a micro-
transient saturation transmittance changes. It may be processor, memory devices, buffers, software for con-
appropriate to amplify the separated or filtered signal, 35 trolling the microprocessor, and display devices, 
the unfiltered signd, or the resulting quotient signal to In its context, the apparatus of the present invention 
obtain an adjusted signal having an appropriate ampU- is a part of an oximeter device which has the capability 
tude and resolution for making the saturation determi- to detect the red and infrared Ught absorption. In the 
nation. preferred embodiment, the apparatus of this invention is 

Separation of the low frequency components may be 40 a part of the Ndlcor N-200 oximeter which includes a 
redized in either the time domain or the frequency 16 bit microprocessor manufactured by Intel Corpora-
domain. In the time donuin, the separation may occur tion, Model No. 8088, software for controlling the mi-
by passing one portion of the analog detected opticd croprocessor to perform the operations of the preferred 
signd through conventional electronic circuits such as embodiment of the time domdn andysis techmques of 
low pass filters configured to avoid any phase shifting 45 present invention (in addition to the conventional oxim-
to obtain a filtered signal having only the background eter functions), and has structure and processing meth-
and low frequency componente, and then passing the ods that are unrelated to the present invention, and 
filtered signal and a portion of the unfiltered analog therefore are not discussed herein. The software could 
detected dgnd into dividing amplifiers to divide the be modified to perform the frequency domdn analysis 
low passed signd into the unfiltered signd in phase. SO techmques of the present invention. 
This process resdta in a compensated opticd signd that B B I E F nESCRlPTION OF THE HRAWINGS 
can be processed as if it were die actud detected opticd DESCRIPTION OF THE DRAWINGS 
signd to determine the relative maxima and minima of FIG. 1 is a block diagram of the apparatus of this 
the detected pdses for the satuation cdculations. Alter- invention and the apparatus associated with the present 
nately, the detected opticd signd may be digitized and SS invention. 
processed using digitd signd processing techmques to FIG. 2 is a detailed dredt schematic of the saturation 
filter the detected signd and divide the filtered signd preampUfier in the patient modde of FIG. 1. 
into the unfiltered detected signd. FIGS. 3a-b are a detailed circdt schematic of the 

Digitd processing techniques also may be appUed to saturation andog front end circdt of FIG. 1. 
process the detected opticd signd in the frequency 60 FIG. 4 is a detailed circdt schematic of the LED 
domdn by the application of well-known Fourier drive circdt of FIG. 1. 
Transforms. In this embodiment, a time-measure of the FIGS. 5a-b are a detdled circdt schematic of the 
detected opticd signd for a predetermined number of andog to digitd converter section of FIG. 1. 
heartbeatt is collected and tnuisformed into ite spectrd FIGS. 6a-b are a detailed circdt schematic of the 
components. The frequency componente are then sepa- 65 digitd signd processing section of FIG. 1. 
rated into two domains, the first domain including spec- FIGS, la, 7b, 7c. Id, le, and 7/are gnphicd represen-
trd componente below the measured heart rate so that tations of detected opticd signds during steady state 
it includes the zero frequency spectrd componenta of and transient conditions. 
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nFTAii F n nF«rBTi»nnN oi: -nre current to voltage converter, biased by a positive volt-
t'iu:^fcKlU:U tMBOOlM£NT converting the photocurrent of photodiodc 130 into a 

Referring to FIG. 1, the preferred embodiment of the usable voltage signal. Patient module 200 dso includes 
present invention relates to the apparatus for processing 5 leads for passing the LED drive voltages to LEDs 110 
the detected andog opticd plethysmograph signd and and 120. 
comprises portions of andog to digitd conversion sec- Referring to FIGS. 1 and 3. saturation andog front 
tion ("ADC converter") 1000 and digitd signd process- end circuit 300 recdves the andog opticd signal from 
ing section ("DSP") 3000. including the software for patient modde 200 and filters and processes the de-
driving imcroprocessor 2040. which processes the digi- 10 tected signd to provide separate red and infrared ana-
tized opticd signds in accordance with the present log voltage signds corresponding to the detected red 
invention to determine the oxygen saturation of hemo- and infrared opticd pulses. The voltage signd is passed 
globin in arterid blood. Associated with the invention, through low pass fdter 310 to remove unwanted high 
but not forming a part of the invention, is the apparatus frequency componenta above, for example, 100 khz, AC 
for obtaining the detected analog opticd signds from IS coupled through capacitor 325 to remove the DC com-
the patient that is part of or is associated with the com- ponent, passed through high pass filter 320 to remove 
merciaUy available Ndlcor N-200 Pulse Oximeter. Such any unwanted low frequencies below, for example, 20 
apparatus indude plethysmograph sensor 100 for de- hertz, and passed through buffer 320 and passed 
tecting opticd signds including periodic opticd pulses, through programmable gdn stage 330 to amplify and 
patient modde 200 for interfacing plethysmograph sen- 20 optimize the signd level presented to synchronous de-
sor 100 with saturation andog front end circdt 300, and tector 340. 
saturation analog circuit 300 for processing the detected Synchronous detector 340 removes any common 
opticd signds into separate red and infrared channels mode signals present and splits the time multiplexed 
that can be digitized. The N-200 odmeter dso includes opticd signal into two channels, one representing the 
LED drive circuit 600 for strobing the red and infrared 2S red voltage signds and the other representing the infra-
LEDs in plethysmograph sensor 100 at the proper in- red voltage signals. Each signd is then passed through 
tensity to obtain a detected opticd signal that is accept- respective filter chdns having two 2-pole 20 hertz low 
able for processing, and various regulated power pass filters 350 and 360, and offset amplifier 370 and 380. 
supplies (not shown) for driving or biasing the associ- The filtered voltage signals now contdn the signal in-
ated circuits, as well as ADC 1000 and DSP 2000, from 30 formation corresponding to the red and infrared de-
line current or storage batteries. tected optical signds. Additionally, circuits for use in 

The associated elements are strdghtforward circuits preventing overdriving the amplifiers in saturation cir-
providing specified functions which are within the skill cuit 300 may be applied, for example, level-sensing 
of the ordinary engineer to design and build. The associ- circuita 312 and 314 Oocated before and after low pass 
ated elements are briefly described here, and reference 3S filter 310 respectively) for indicating unacceptable 
is made to the corresponding detdled schematics in the LED drive current, and level sensing circuit 315 (lo-
Figures and circuit dement tables set forth below, to cated after programmable gdn amplifier 330) for indi-
place the apparatus of the present invention in ite oper- eating unacceptable input amplifier gdn setting, 
ating context in the preferred embodiment. Referring to FIGS. 1 and 5. ADC 1000 provides the 

In the preferred embodiment, the invention requires 40 andog to digitd conversions required by the N-200 
two input signds. the two plethysmograph or detected odmeter. Tlie aforementioned two voltage signals, the 
opticd signds at the first and second wavelengths (e.g., red detected opticd signal and the infrared detected 
red and infrared). More than two wavelengths may be opticd signal from patient module 200, are input to 
used. If andog signds are provided, they must be within ADC 1000. These signals are conventiondly muki-
or be adjusted by, for example, offset amplifiers to be 45 plexed and digitized by an expanded range 12-bit ana-
within the voltage input range for the ADC. In circum- log-to-digitd conversion techdque, yielding 16-bit res-
stances where the signds have been digitized dready. olution. The input signds are passed through multi-
they must be bit compatible with the digitd signd pro- plexor 1010 and buffer amplifier 1020. The convener 
cessing devices. DSP. stage includes offset ampUfier 1030 and programmable 

The plethysmograph signd is obtained in a conven- 50 gain circdtry 1040 which dlows a portion of the signal 
tiond manner for a non-invasive oximeter, typicdly by to be removed and the remainder to be further amplified 
iUuminating the patient's tissue with red and infrared for greater reaolution, sample and hold circuit 1050, 
Ught in an dternating fashion, for. example, in the man- comparator 1060. and 12-bit digitd to andog converter 
ner described above for the N-lOO oximeter. Referring lOM. The buffered signd is passed through offset ampli-
to HG. 1. sensor circuit 100 has red LED 110 and 55 fier 1030 to add a DC bias to the signd wherein a por-
infrared LED 120 connected in parallel, anode to cath- tion of the signd is removed and the bdance is amplified 
ode. so that the LED drive current dtematdy iUumi- by being passed through programmable gdn circdtry 
nates one LED and then the other LED. Circdt 100 1040 to improve the resolution. The ampUfied signd is 
dso includes photodetector 130. preferably a photodi- then passed through sample and hold circdt 1050, the 
ode. which detecu the level of Ught transmitted 60 output of which is fed to one input of comparator 1060. 
through the patient's tissue. e.g., finger 140. as a single. The other input of comparator 1060 is die output of 
andog opticd dgnd containing both the red and infra- digitd to andog ("DAC) converter 1080 so that when 
red Ught plethysmographic, detected opticd dgnd the inputa to comparator 1060 are the same, the andog 
waveforms. voltage at the sample and hold circdt is given the corre-

Referring to FIGS. 1. and 2. patient modde 200 in- 65 spending digitd word in DAC converter 1080 which is 
dudes preamplifier 210 for preamplifying the andog then stored in an appropriate memory device as the 
detected opticd signd of photodetector 130. Preampli- digitized data for the sample and the next sample is sent 
fier 210 may be an operationd ampUfier configured as a to sample and hold circdt 1050 to be digitized. 
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Referring to FIGS. 1, 4, 5. and 6, DAC 1080 also minimum pairs are then sent to a processing routine for 
generates the sensor LED drive voltages, under the processing the pairs. Preferably, conventional tech-
control of microprocessor 2040, using analog multi- niques are used for evduating whether a detected pulse 
plexor 610. which separates the incoming analog signal pdr is acceptable for processing as an arterid pulse and 
into one of two channels for respectively driving the 5 performing the saturation cdculation, whether the 
red and infrared LEDs, having respective sample and pdse pair is obtained from DATBUF or from the en-
hold circuits 620 and 630, and LED driver circuit 640 chanced composite pulse data, 
for converting the respective andog voltage signds into The MUNCH routine takes the first coming pulse 
the respective positive and negative bipolar current data and determines the madmum and minimum trans-
signds for driving LEDs 110 and 120. 10 mittance for each of die red and infrared detected opti-

Altemate techmques ofconverting die andog signals cd signds, takes the second coming pulse data, and 
to digitd signds could be used, for example, a 16-bit determines the relative madmum and minimum trans-
andog to digitd converter. mitUmce. The routine for processing the pdrs apphes 

Referring to FIGS. 1 and 6, DSP 2000 comrols dl the aforementioned dgoridim to die first and second 
aspecu of the signd processing operation induding the 15 puise data of each wavelength and determines the cor-
signd input and output and intermediate processing. ^,ed minimum transmittance for the second pdse 
The apparatus mdudes 16-bit microprocessor 2040 and wavelength. Then die oxygen saturation can be 
Ite associated support circuitry indudmg data bus 10, determined using die corrected minimum and detected 
""*' .o"«t^«"°° 'y ^ - " ^ , ^ ^ V ! ' ^ only mem- aaxmyim transmittimce for the second pulses of the red ory (ROM) 2030. a conventiond LED display device 20 ^j^^^ 
2010 (not described in detail), system timing circuit 2050 j^^^ application of the present invention and the pair 
for proyidmg the n e c e ^ dock synchronizing sig- ô essing routine correction is demonstrated by the 
? ^ ' - ^ ^ ^ P ; ^ ^ 1 » ' ? ^ " ^ ^ ' ' ^ ' ' ^ " ' V T O ^ T M M following comparative examples, with reference to 
js a model 8088 mi«Toproc«»r. manufactured by Intd p,Qs , ^ 
Corporation, Santa Clara, Cdif. Alternate microproces- d'x 
sors processors may be used, such as any of model nos. ' ' 
8086,80186, and 80286, also made by Intel Corporation. EXAMPLE I 

The N-200 oximeter incorporating the present inven- mr'c t j I L w . • .i. 
tion is designed to determiJTthe. oxygen saturation in "p^. 7n and 7* show representative plethysmo-
one of two modes, an unintegrated mode wherdn the 30 pph waveforms for a patient s steady state condition 
oxygen saturation determination is made on the basis of ^^'"^ ° P f 
pul^ detected in the optical pulse signd that are deter- ^ ' ^ ^ ) «Qf ^ l-Ol volts, and Vminr(n) equals 1 00 
mined to be optical pulses in Viccordlnce with conven- ^°'!^' "= ^ pdses. Vmm(n) is the detected 
tiond pdse detection techniques, and in an ECG syn- °P""' minimum vdue atthe minimum transm.t-
chronization mode wherdn die determination is based 35 " P»'*«: ™n.mi.m. The moddation ratio for 
on enhanced periodic data obtained by processing the " 
delected optical signd and the ECG waveform of the 
patient in accordance with an invention that is not a part niMxidî  ^ ' O''' „ j oi 
of the present invention. ''"""'<"' ' 

The present invention applies to the cdculation of 40 _ ._ • , . . ^ . 
saturation based on detecting maximum and minimwn J ; " . wavelength. Vtnaxi(n)= .01 v and 
transmittance of two or more wavdengths, whether the ^"""^"^J?' " modulation ratio 
determination is made pulse by pulse (the umntegrated dso is 1.01. . . . ; 
mode) or based on an averaged or composite pdse that ""U* determined modulation ratios m the for-
is updated with the occurrence of additiond pulses to 45 cdculating the ratio R provides: 
reflect the patient's actual condition (the ECG synchro­
nized mode). 1̂  ^ lntMiiMf(it)/Wnin/(a)) _ .pi ^ ^ ^ 

Interrupt programs control the collection and digiti- ~ TnTMnŜ p̂Tinm̂ nn ~ .oi 
zation of incoming opticd signal data. As particular 
events occur, various software flags are rdsed which SO A determined R=l corresponds to an actual saturation 
transfer operation to various routines that are cdled v>lue of about 81% when incorporated into the afore-
from a main loop processing routine. mentioned saturation equation. A saturation of 81% 

The detected opticd signal waveform is sampled at a corresponds to a hedthy patient experiencing a degree 
rate of 57 samples per second. When the digitized red of hypoda for which some corrective action would be 
and infrared ngnds for a given portion of detected 55 taken. 
opticd signals are obtdned, they are stored in a buffer EXAMPLE II 
called DATBUF and a software flag indicating the iiAAMri-c 
presence of data is set. This set flag cdls a routine re- FIGS. 7c and Id correspond to representative ple-
ferred to as MUNCH, which processes each new digi- diysmognphic waveforms for a patient during desatu-
tized opticd signd waveform sample to identify pairs of 60 ration or decreasing saturation transient conditions for 
madmum and minimum amplitudes corresponding to a the red and infrared detected opticd signals having 
pulse. The MUNCH routine first queries whether or not opticd pulses n= 1,2, and 3. Howeveir, in this transient 
there is ECG synchronization. If there is ECG synchro- example it is known that at ns 1, the actud saturation of 
nization. then the MUNCH routine obtains the en- the patient is very close to that during the steady state 
hanced composite pulse data in the ECG synchroniza- 65 conditions in the Example I. In this transient example, 
tion mode. Otherwise, MUNCH obtains the red and the detected vdues are as follows: 
infrared opticd signal sample stored in DATBUF. in For both the red and infrared signals: 
the unintegrated mode. The determined madmum and tmaz(l)= 1.0 sees. 
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tmin(l)=1.2 sees. 
tmax(2)=2.0 sees. 
tmin(2)=2.2 sees. 
tmax(3)=3.0 sees. 
tmin(3)=3.2 sees. 

For the red opticd signals: 
Vmaxr(l)=: 1.012 V 
Vniinr(l)r= 1.000 v 
Vmaxr(2)= 1.002 v 
Vminr(2)=0.990 v 
Vmaxr(3)=0.992 v 
Vminr(3)=:0.980 v 

For the infrared opticd dgnals: 
Vmaxi(l)= 1.008 v 
Vmini(l)» 1.000 V 
Vmad(2)» 1.018 V 
Vniini(2)= 1.010 V 
Vmaxi(3)= 1.028 V 
Vmini(3)= 1.020 V. 

Cdculating the oxygen saturation ratio R at n=l, 
using the detected opticd signals provides the follow­
ing: 

R IS lii[>'iiuxf(n/Finin><l)I/ln[Miuiu(I)/>imini(l)] 

' lll|l.OI2/l.aX>]/ln[1.008/l.000] 

c ' lii[1.012]/1n{1.00S] 

.O12/.0O8 
= 1.3 

Thus, the determined saturation ratio R of 1.5 based on 
the detected transmittance corresponds to a calculated 
oxygen saturation of about 65% for the patient, which 
corresponds to severe hypoxia in an otherwise hedthy 
patient. This contrasts with the known saturation of 
about 81% and demonstrates the magnitude of the un­
der-estimation of the oxygen saturation (over-estima­
tion of desaturation) due to the distortion in transmit­
tance of the red and infrared light caused by transient 
coiditions. 

Applying the present invention to correct the dis­
torted maximum transmittance point of the deteaed red 
opticd signal during the transient condition, we find the 
following: 

10 

15 

20 

25 

30 

35 

40 

4S 

14 

R - ln[khuxr(l)*/F)iiinr(l)]/ln|Fhuxi(l)V»'mini(l)] 

= ln[I.OIO/l.001/In[I.OIO/I.OO] 

= .OI/.OI 

= 1.0. 

Thus, basing the saturation cdculations on the cor­
rected madmum transmittance vdues and the detected 
minimum transmittance vdues, the corrected R value 
corresponds to the same R for the steady state condi­
tions and the actud oxygen saturation of the patient. 

EXAMPLE III 
FIGS. 7eand 7/correspond to representative plethys­

mographic waveforms for a patient during increasing 
saturation transient conditions for the red and infrared 
detected opticd signds having opticd pulses n=l, 2, 
and 3. However, in this transient example it is known 
that at n= 1, the actual saturation of the patient is very 
close to that during the conditions in the steady state 
Example I. In this transient example, the detected val­
ues are as follows: 

For both the red and infrared signds: 
tniax(l)= 1.0 sees. 
tmin(l)=1.2 sees. 
tinax(2)sl0 sees. 
tniin(2)=2.2 sees. 
tniax(3)s:3.0 sees. 
tmin(3)=3.2 sees. 

For the red opticd signds: 
Vmaxr(l)= 1.008 v 
Vniinr(l)<= 1.000 v 
Vmaxr(2)= 1.018 V 
Vminr(2)=1.010 V 
Vmaxr(3)= 1.028 v 
Vminr(3)« 1.020 V 

For the infrared optical signds: 
Vniaxi(l)== 1.012 V 
Vmim(l)= 1.000 V 
Vmaxi(2)= 1.002 V 
Vmini(2)=0.990 v 
Vmad(3)=0.992 v 
Vmid(3)=0.980 v. 

Cdculating the oxygen saturation ratio R at n=l, 
udng the detected opticd signals provides the follow­
ing: 

Kiiixi<l)* > Hnax(l) - (Khiud) -

tmmd) - nniiid)] 
(•m»(2) - m»x(l)l 

- 1.012 - (1.012 - 1.002] X (1.0 - l.2]/(1.0 - 2.0] 55 

- 1.010 

and correspondingly for the madmum transmittance of 
the detected infrared opticd signd we find: ^ 

Kfflurd)* - 1.008 - (1.008 - 1.018] X [1.0 - 1.2]/I1.0 - 2.0] 

= 1.010 

Thus, by replacing Vmaxr(n) with Vmaxr(n)* and re­
placing Vmaxi(n) with Vmaxi(n)* in the cdculations for 
determidng oxygen saturation ratio R we find: 

SO 
R = lii(Kbui(l)/Fbiiiu<l)]/ln[l'^iXl)/Vinini(l)] 

•> lii(1.008/l.(IOO]/lii[l.012/1.000] 

1 IB(I<>08]/1B[I.012] 

= .00S/.0I2 

1 .667 

Thus, the determined saturation R of0.667 corresponds 
to a cdculated oxygen saturation of about 95% for the 
patient which corresponds to a satisfactorily oxygen­
ated patient breathing room air. This contraste with the 
known saturation of about 81% and demonstrates the 
magnitude of the over-estimation of saturation due to 
the distortion in transmittance of the red and infrared 

65 light caused by transient conditions. 
Applying the present invention to correct the dis­

torted maximum transmittance point of the detected red 
opticd signal during the transient condition we find: 
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16 

CmuKl)* = f m u d ) - ( l ^ x d ) -

(ma id ) - rniind)] 

(nn.x(2) - m«,d)] 5 

= 1.008 - (1.008 - 1.018] X (1.0 - l.2]/[1.0 - 2.0] 

- 1.010 

and correspondingly for the detected infrared opticd JQ 
signal: 

niuxj(l)* = 1.012 - [1.012 - 1.002] X [1.0 - I.2]/(I.O - 2.0] 

= 1.010 

Thus, by replacing Vniaxr(n) with Vmaxr(n)* and re­
placing Vmad(n) with Vmaxi(n)* in the calcdatioite for 
determining oxygen saturation ratio R we find: 

IS 

20 

R B ln[>^r<l)V(iiun'd)]/lii(l'taiuid)*/ltaini{l)] 

= ln[l.010/l.aO]/ln[1.010/I.OO] 

= .0I/.01 
. 1.0. 25 

Thus, basing the saturation cdculations on the cor­
rected maximum transmittance vdues and the detected 
minimum transmittance values, the corrected R vdue 
corresponds to the same R for the steady state condi- ^ 
tions and the actual oxygen saturation of the patient. 

EXAMPLE IV 

FIGS. 7c and Id also correspond to representative 
plethysmographic waveforms for a patient during de-
saturation or decreasing saturation transient conditions 
for the red and infrared detected opticd signds having 
optical pulses n= 1.2. and 3. However, in this transient 
example it is known that at n=2. the actual saturation of 4Q 
the patient is very close to that during the steady state 
conditions in the Example I. In this transient example, 
the detected vdues are as follows: 

For both the red and infrared signds: 
tmax(l)= 1.0 sees. 45 
tmin(l)=1.2 sees. 
tmax(2)=2.0 sees. 
tmin(2)=2.2 sees. 
tmax(3)s 3.0 sees. 
tmin(3)==3.2 sees. 50 

For the red opticd dgnds: 
Vmaxr(l)== 1.022 V 
Vminr(l)= 1.008 v 
Vmaxr(2)-1.012 V 
Vminr(2)=0.998 v 
Vmaxr(3)» 1.002 V 
Vminr(3)=0.988 v 

For the infrared opticd signds: 
Vmaxi(l)»: 1.002 V ^ 
Vmini(l)=0.992 v 
Vmaxi(2)= 1.012 V 
Vmini(2)= 1.002 v 
Vmad(3)= 1.022 V 
Vmini(3)= 1.012 V 65 

Cdculating the oxygen saturation ratio R at n=2. 
udng the detected optical signals provides the follow­
ing: 

R - ln[l'inuf<2)/l̂ iii><2)]/ln[khiui(2)/rinini(2)} 

= ln[1.0l2/.998]/ln(l.O12/1.002] 

- .OI393/.0099 

- 1.4 

Thus, the determined saturation ratio R of 1.4 based on 
the detected transmittance corresponds to a cdculated 
oxygen saturation of about 51% for the patient, which 
corresponds to severe hypoda in an otherwise healthy 
patient. This contraste with the known saturation of 
about 81% and demonstrates the magnitude of the un­
der-estimation of the oxygen saturation (over-estima­
tion of desaturation) due to the distortion in transmit­
tance of the red and infrared light caused by transient 
conditions. 

Applying the preferred embodiment of the present 
invention to correct the distorted minimum transmit­
tance point of the detected red opticd signd during the 
transient condition, we find the foUowing: 

SS 

Vaunrliy > Kniii(2) + (Fhiin(2) -

[nnM(2) - imin(l)] 

= 1.008 + (.998 - 1.008] X (2.0 - l.2]/[2.2 - 1.2] 

« 1.0 

and correspondingly for the mimmum transmittance of 
the detected infrared opticd signd we find: 

Mninil2)* ~ .992 + (1.002 - .992] x .8 

^ 1.0 

Thus, by repladng Vminr(n) with Vminr(n)* and re­
placing Vmini(n) with Vmini(n)* in the cdculations for 
determidng oxygen saturation ratio R we find: 

R = ln[»^i<2)/»taiiiK2)*]/ln[Ftaiuil2)/IteinJ(2)*] 

• ln{1.012/1.0]/ln(l.012/1.0] 

- i.a 

Thus, basing the saturation cdculations on the cor­
rected minimum transmittance vdues and the detected 
maximum transmittance vdues, the corrected R vdue 
corresponds to the same R for the steady state condi­
tions and the actud oxygen saturation of the patient. 

EXAMPLE V 
FIGS. 7e and Vdso correspond to representative 

plethysmographic waveforms for a patient during in­
creasing saturation transient conditions for the red and 
infrared detected opticd signds having optical pulses 
ns l . 2, and 3. However, in this transient example it is 
known that at ns2, the actud saturation of the patient 
is identicd to that during the conditions in the steady 
state example. In this transient example, the delected 
vdues are as follows: 

For both the red and infrared signds: 
tmax(l)s: 1.0 sees. 
tmin(l)=:1.2 sees. 
tmax(2)=2.0 sees. 
tniin(2)=2.2 sees. 
tmax(3)=3.0 sees. 
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tmin(3)=3.2 sees. 

For the red optical signals: 
Vmaxr(l)= 1.002 V 
Vminr(l)=0.992 v 
Vmaxr(2)= 1.012 V 
Vniinr(2)= 1.002 v 
Vmaxr(3)= 1.022 V 
Vminr(3)= 1.012 v 
° For the infrared opticd signals: 
Vmad(l)= 1.022 v 
Vmin(l)= 1.008 v 
Vmaxi(2)= 1.012 v 
Vniini(2)=0.998 v 
Vmaxi(3)= 1.002 V 
Vmim(3)=0.988 v 

Cdculating the oxygen saturation ratio 
using the detected opticd signds provides 
ing: 

IS 
R at n=2. 
the follow-

R - lB[l'buzi<2)/Kinjni<2)]/ln[l'inui(2)/>teiiij(2)] 

« lii{I.012/l.a02]/ln(1.0I2/.9g8] 

= .713 

18 
Applying the preferred embodiment of the present 

invention to correct the distorted minimum transmit­
tance point of the detected red optical signd during the 
transient condition we find: 

>^M2)* (teind) -t- [I'min(2) -

(ffliu(2) - imin(I)] 
(m>in(2) - iBiind)] 

10 > .992 + (1.002 - .992] X [2.0 -

« 1.0 

1.2]/12.2 - 1.2]] 

and correspondingly for the detected infrared optical 
signd: 

>Wn/(2)* - l.OOS [.991 - l.OOS] X [.S] 

K 1.010 

2" Thus, by replacing Vniinr(n) with Vminr(n)* and re­
placing Vmini(n) with Vmid(n)* in the cdculations for 
determining oxygen saturation ratio R we find: 

Thus, the determined saturation R of 0.713 corresponds 25 
to a cdculated oxygen saturation of about 92% for the 
patient which corresponds to a mildly hypoxic patient 
breathing room dr. This contrasts with the known satu­
ration of about 81% and demonstrates the magnitude of 
the over-estimation of saturation due to the distortion in 50 
transmittance of the red and infrared light caused by 
transient conditions. 

R = ln[l'imui<2)/fteiiii<2)*]/ln[»'inaju(2)/l^ini(2)*] 

- ln[I.OI2/1.001/ln(1.0I2/I.OO] 

« 1.0. 

Thus, basing the saturation cdcdations on the cor­
rected minimum transmittance vdues and the detected 
maximum transmittance vdues. the corrected R value 
corresponds to the same R for the steady state condi­
tions and the actual oxygen saturation of the patient. 

Circuii Tiblet 
REF# CHIP MFR PART # Muufaeiurer DESCRIPTION OF CHIP 

FIG. 2 
210 U2 LF442 NATIONAL DUAL LOW POWER OP AMP 

SEMICONDUCTOR 
FIG. 3 
312 U27 LF444 NATIONAL QUAD JFETOPAMP 

SEMICONDUCTOR 
312 U28 LP363N NATIONAL QUAD VOLTAGE COMPARATOR 

SEMICONDUCTOR 
310 U27 LF444 NATIONAL QUAD JFETOPAMP 

SEMICONDUCTOR 
320 U27 LF444 NATIONAL QUAD JFET OP AMP 

SEMICONDUCTOR 
330 U44 MP7524LN MICROPOWER g-BIT DAC 
330 U32 LP444 NATIONAL QUAD JFET OP AMP 

SEMICONDUCTOR 
330 U32 LF444 NATIONAL QUAD JFET OP AMP 

SEMICONDUCTOR 
313 U20 LP36SN NATIONAL QUAD VOLTAGE COMPARATOR 

SEMICONDUCTOR 
340 U32 LP444 NATIONAL QUAD JFET OP AMP 

SEMICONDUCTOR 
340 U14 DC243a SIUCONIX ANALOG SWITCH 

INCORPORATED 
340 U7 LF444 NATIONAL QUAD JFET OP AMP 

SEMICONDUCTOR 
340 U13 LF444 NATIONAL QUAD JFET OP AMP 

SEMICONDUCTOR 
3S0 U7 LF444 NATIONAL QUAD JFET OP AMP 

SEMICONDUCTOR 
360 UI3 LF444 NATIONAL QUAD JFETOPAMP 

SEMICONDUCTOR 
370 U7 LF444 NATIONAL QUAD JFET OP AMP 

SEMICONDUCTOR 
380 UI3 LF444 NATIONAL QUAD JFET OP AMP 

SEMICONDUCTOR 
340 UI9 DG2IICJ SILICONIX CMOS ANALOG SWITCH 

INCORPORATED 
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Circuii Tables 

R E F # CHIP MFR PART # Manuraeiurcr DESCRIPTION OF CHIP 

FIG. 4 
640 UI9 D C 2 l i a SILICONIX CMOS ANALOG SWITCH 

INCORPORATED 
640 U32 LF444 NATIONAL QUAD J F E T OP AMP 

SEMICONDUCTOR 
FIG. S 
lOIO U24 DGS28CK SILICONIX OCTAL ANALOG SWITCH 

INCORPORATED 
1020 U29 LF444 NATIONAL QUAD J F E T OP AMP 

SEMICONDUCTOR 
1030 U23 LF444 NATIONAL QUAD J F E T OP AMP 

SEMIco^^>uc^oR 
1040 U38 AD7S24LN ANALOG DEVICES DAC 
1040 U42 74HC374 TEXAS HIGH SPEED CMOS 

INSTRUMENTS 
1040 U37 LF442N NATIONAL LOW POWER OP AMP 

SEMICONDUCTOR 
lOSO U36 LF39iN NATIONAL SAMPLE IL HOLD OP AMP 

SEMICONDUCTOR 
1060 U29 LM2I1P TEXAS LOW OFFSET V O L T A G E COMPARATOR 

INSTRUMENTS 
1080 v*y AD7348KN ANALOG D E V I C E S CMOS 12-BIT DAC 
1080 U31 LF41IACN NATIONAL LOW OFFSET OP AMP 

SEMICONDUCTOR 
1080 L'2S LF444 NATIONAL QUAD J F E T O P A M P 

SEMICONDUCTOR 
610 UI8 DG328CK SILICONIX OCTAL ANALOG SWITCH 

INCORPORATED 
620 U l l LF444 NATIONAL QUAD J F E T OP AMP 

SEMICONDUCTOR 
630 UII LF444 NATIONAL QUAD J F E T O P A M P 

SEMICONDUCTOR 
F I G . 6 

• 
U2 82C84A-2 NEC CMOS 8 MHZ CLOCK GENERATOR 
Ul 74HC74 TEXAS HIGH SPEED CMOS 

INSTRUMENTS 
UI 74HC74 TEXAS HIGH SPEED CMOS 

INSTRUMENTS 
2040 U8 MSMB0C88RS-2 OKI E L E C T R I C CPU 8 MHZ. 123 ns 

U3 74HC74 TEXAS HIGH SPEED CMOS 
INSTRUMENTS 

U33 74HC374 T E X A S HIGH SPEED CMOS 
INSTRUMENTS 

U9 74HC04 TEXAS HIGH SPEED CMOS 
INSTRUMENTS 

U3 74HC74 TEXAS HIGH SPEED CMOS 
INSTRUMENTS 

U9 74HC04 T E X A S HIGH SPEED CMOS 
INSTRUMENTS 

U19 74HC00 TEXAS HIGH SPEED CMOS 
INSTRUMENTS 

W 74HC04 T E X A S HIGH SPEED CMOS 
INSTRUMENTS 

2030 U2I MBM27C312-23 FUJITSU LIMITED CMOS 64K X 8 ROM 
2020 UlS DS1242 D A L L A S CMOS 32K X 8 RAM 

SEMICONDUCTOR 
U23 74HC138 T E X A S HIGH SPEED CMOS 

INSTRUMENTS 
U17 74HC138 TEXAS HIGH SPEED CMOS 

INSTRUMENTS 
U19 74HC0O TEXAS HIGH SPEED CMOS 

INSTRUMENTS 
UI9 14HC0O TEXAS HIGH SPEED CMOS 

INSTRUMENTS 
U16 I2C3IA OKI E L E C T R I C CMOS UART 
U22 MSM82C39A-2RS OKI E L E C T R I C CMOS INTERRUPT CONTROLLER 

20S0 U34 MSM82CS3.2 OKI E L E C T R I C CMOS T R I P L E TIMER 
20S0 U38 MSM82CS3-2 OKI E L E C T R I C CMOS T R I P L E TIMER 
20SO U9 74HaM T E X A S HIGH SPEED CMOS 

INSTRUMENTS 
2030 U39 74HC393 TEXAS HIGH SPEED CMOS 

INSTRUMENTS 
2030 U3S D2732A INTEL 4096 X 8 ROM 

CORPORATION 
20S0 U40 74HC374 TEXAS HIGH SPEED CMOS 

INSTRUMENTS 
2030 U28 74HC374 TEXAS HIGH SPEED CMOS 
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Circuii T«bl« 

REF t CHIP MFR PART f Minuracturer DESCRIPTION OF CHIP 

INSTRUMENTS 

CRMIN - CORRECT MINIMUM - ASSUMES BX CONTAINS Yniin(n) 

CRIMIN: 

CR2MIN: 

CRMIN4: 

CRMIN2: 

CORR: 
CORRECT 

CORR4. 

CORRS: 

CORR6: 

CORR9: 

CORR 10: 

PUSH AX 
PUSH DX 
MOV AX.PVMIN1 <iET Yiiiin(n.|) 
JMP SHORT CRMIN4 

PUSH AX 
PUSH DX 
MOV AX.PVMIN2 :GETYiiiiii(n-l) 

CMP AX.BX ;IF YDiii(n-l) - Ymiiidi) RETURN 
J E SHORT CRMIN2 
CMP CORRSW.0 
J E SHORT CRMIN2 
CMP BPCTR.3 ;IF BAD PULSE COimTER <3. THEN A BAD PULSE 
JC SHORT CRMIN2 :DONT CORRECT 
CMP PERIOD.0 
J E SHORT CRMIN2 
OR AX.AX 
JZ SHORT CRMIN2 
C A L L CORR 

POP DX 
POP AX 
R E T 

MINIMUM - ASSUMES BX - Yinin(n) AND AX - Ymin(D-l) 
C O R R E C T E D Yniin(n1 • Ynintn-I) + (|/T)*0'niin(n) - Yniin(n-l)) 

WHERE 1 = PERIOD O F MIN TO MAX. AND T = PERIOD 
CMP AX.BX :Ymin(ii-l) < - Ymia(n)7 
PUSH BX :SAVE Ymin(n) 
PUSHF 
MOV CL.1 :SET DIRECTION F L A G ACCORDINGLY 
JC SHORT CORR4 
D E C C L 

CMP DIRMIN.CL :DIRECTION T H E SAME? 
MOV DIRMIN.CL :SAVE ANYWAY 
J E SHORT CORRS :SAME. CONTINUE 
POPF 
POP BX 
JMP SHORT CORR2 iNOT SAME. ABANDON SHIP 

SUB BX.AX :Yinin(n) - Yinin(n-I) 
PUSH AX .SAVE Ymin(n-l) 
JNF SHORT CORR6 
NEG BX 

PUSH BX :SAVE :DELTA: 
MOV AX.MAXMINPCTR 
MOV CX,PERIOD 
MOV BX.CX 
SUB C X A X ;PERIOD - MAXMINPCTR 
JNS SHORT CORR9 
POP BX •.RESULT SHOULD B E POSITIVE 
POP AX 
POPF 
POP BX ;RESTORE ORIGINAL Yiiuii(n) 
JMP SHORT CORR2 

CMP CX.PERIOD :MUST B E LESS THAN PERIOD 
JC SHORT CORR 10 
FOP BX 
FOP AX 
POPF 
POP BX :RESTORE ORIGINAL Ymindi) 
JMP SHORT CORR2 

XCHC DX.CX :CX - PERIOD - MAXMINPCTR 
or bx.bx :no zero divisor 

GTlOl 
cmp bx,dx ;dx muii be ( bx 

crIOi 
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xor ix,ax 
div b> :CX - (PERIOD • MAXMINPCTR)/PERIOD 
mov cx.ax save mult in cx 
jmp ihon crIOb 

crIOa: 
mov cx.Or fTlh 

crlOb: 
POP AX :GET :DELTA: 
XOR DX.DX 
MUL CX 
OR AH.AH 
JNS SHORT CORRS 
INC DL 

CORRg. 
:DX = (t/T)»: DELTA: 
POP AX .-GET ORIGINAL Ymiii(n.l) 
POPF 
JC SHORT CORR7 
NEG DX 

CORR7: 
ADD AX.DX :Yimn(n-l) + ({t/D'CYmindi) - yiniii(N-l))] 
POP BX :DISGARD ORIGINAL Yinin(n) 
MOV BX.AX 

CORR2. 
RET 

40 

4S 

We claim: 
1. Apparatus for compensating distortion in transmit- 25 

tance caused by transient conditions in a patient's ple­
thysmograph waveform having periodic changes re­
lated to the patient's beating heart, aperiodic changes 
unrelated to the beating heart, background transmit­
tance, and transient background transmittance changes 30 
at frequencies below the heart rate for use in an oxime­
ter device, comprising: 

means for recdving a detected optical signal corre­
sponding to the transmittance of a first and second 
Ught frequency passing through the patient's tissue; 35 

filter means for eliminating frequency components of 
the detected optical signd other than those that 
have a frequency below the frequency of the fun­
damental heart rate, thereby providing a filtered 
signal; and 

dividing means for dividing the detected opticd sig­
nd by the filtered signd in phase, thereby provid­
ing a compensated opticd signal. 

2. The apparatus of cldm 1 further comprising means 
for cdculating oxygen saturation using the compen­
sated optical signal. 

3. The apparatus of claim 1 wherdn the filter means 
passes di frequencies below the fundamentd heart rate 
in phase with the detected opticd signd. 

4. The apparatus of claim 1 wherein the filter means SO 
includes: 

means for transforming the opticd signd into the 
frequency domdn; 

spectral filter means for separating the spectrd com­
ponente bdow the fundamentd heart rate into a 55 
filtered spectrum; and 

means for transforming the filtered spectrum back 
into the time domdn, thereby forming the filtered 
signd. 

5. The apparatus of claim 1 wherein the filter means 60 
and dividing means include a digitd imcroprocessor 
device and sdd apparatus further comprises means for 
digitizing the detected opticd signd into data accept­
able for processing by the microprocessor device. 

6. Apparatus for compensating distortion in transmit- 65 
tance caused by transient conditions in a patient's ple­
thysmograph waveform having periodic changes re­
lated to the patient's beating heart, aperiodic changes 

unrelated to the beating heart, background transmit­
tance, and transient background transmittance changes 
at frequencies below the heart rate for use in an odme­
ter device, comprising: 

means for recdving first and second optical signals 
corresponding to the transmittance of first and 
second light frequencies passing through the pa­
tient's tissue; 

first filter means for eliminating the frequency com­
ponents of the first opticd signal other than those 
that are below the fundamental heart rate, thereby 
providing a first filtered signd; 

second filter means for eliminating the frequency 
componenta of the second opticd signd other than 
those that are below the fundamental heart rate, 
thereby providing a second filtered signal; 

a first dividing means for dividing the first optical 
signd by the first filtered signd in phase, thereby 
providing a compensated first opticd signal; and 

a second dividing means for dividing the second opti­
cd signal by the second filtered signd in phase, 
thereby providing a compensated second optical 
signal. 

7. The apparatus of claim 6 further comprising means 
for cdculating oxygen saturation using the first com­
pensated opticd signd and the second compensated 
opticd dgnal. 

8. The apparatus of cldm 6 wherdn the first and 
second filter means pass dl frequencies below the fun­
damentd heart rate in phase with the unfiltered signal. 

9. The apparatus of daim 6 wherdn the first and 
second filter means indude: 

first means for transforming the first opticd signal 
into the frequency domdn; 

first spectrd filter means for eliminating the spectral 
componente other than those below the fundamen­
td heart rate into a first fdtered spectrum; 

means for transforming the fdtered spectrum back 
into the time domain, thereby forming the first 
filtered dgnd; 

second means for transforming the second optical 
signd into the frequency domain; 

second spectrd filter means for eliminating the spec­
trd componente other than those below the funda-
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mentd heart rate into a second filtered spectrum; mittance and transient background transmittance 
and components of the first and second detected 

means for transforming the second filtered spectrum optical signals below the heart rate frequency; 
back into the time domain, thereby forming the and 
second filtered signal. 5 adjusting the first and second detected optical sig-

10. The apparatus of claim 6 wherdn the first and nds by dividing the first and second detected 
second filter means and dividing means further com- optical signals by the first and second filtered 
prise a digital microprocessor device and said apparatus signals, respectivdy, in phase, thereby providing 
further comprises ineans for digitidng the first and compensated first and second opticd signds. 
second opticd signds mto data acceptable for process- 10 j j . -HJC mediod of cldm 11 furdier comprising calcu-
mg by the microprocessor device. saturation of the patient's arterid blood 

11, A method for detectmg and procosmg artend fl^w by processing die compensated first opticd signal 
pulses of a patient dunng transiem conditions compns- ^ c!ompensared second opticd signd to detect the 

r .1. 1. u • maximum or minimum transmittances in the compen-
passmg a first light frequency through the patient's IS , cdcdating saturation, 

tissue and detecting a first opticd signd corre- n .i. .i r i • it u • . 
sponding to chang^ in the tLsmitt^ce of the . " . ^ T " ̂  P'«=f 
fist friueney induding periodic transmittance further comprises passmg die firat and second opt-
changes rdated to die patients beating heart, aperi- «»JagnfJs through a low pass fdter to remove substan-
odic transmittance changes unrdated to the beating 20 "»"y »" °^ die frequency componente above the back-
heart, background transmittance, and transient B'o™** transmittance and transient background trans-
background transmittance changes at frequendes rianance frequency componente so diat the first and 
below the heart rate- second filtered opticd signds remain m phase with the 

passing a second Ught frequency through the patient's second detected opticd signds. 
tissue and detecting a second optical signd corre- 25 The mediod of cldm 12 wherein sdd processing 
sponding to changes in dte transmittance of a sec- «eP futher comprises transforming die first and second 
ond frequency including periodic transmittance detected opticd signds into the frequency domain, 
changes rdated to the patient's beating heart, aperi- diminating frequency spectrd componenta other than 
odie transmittance changes unrelated to the beating low frequendes spectrd components below the heart 
heart, background transmittance, and transient 30 rate of the first and second light frequendes corre-
background transmittance changes at frequencies sponding to the background transmittance and the tran-
below the hean rate; and, for each of the first and sient background transmittance changes to provide a 
second detected optical signds; filtered low frequency spectrum, and transforming the 
processing the first and second detected optical fUtered low frequency spectrum back into the time 

dgnals to obtdn first and second filtered signals 35 domdn as the filtered signal, 
substantidly comprising the background trans- • • • • • 

40 

45 

SO 

55 

60 

65 
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[57] ABSTRACT 

A pulse oximeter sensor that is designed to surround an 
appendage of the patient, such as a finger, toe or foot is 
disclosed. The sensor has a reusable member which prefer­
ably includes a photodetector. Adisposable, flexible member 
preferably contains the photoemitter and can be wrapped 
around the patient's appendage to secure it to the appendage 
and the reusable member. When secured, the photoemitter 
and photodetector end up on opposite sides of the append­
age. The disposable member connects to the reusable mem­
ber to establish electricd contact. The reusable member is 
connected to a cable which can be plugged into a sensor 
modtoring system. 

27 Clahns, 2 Drawing Sheeta 
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ADHESIVE PULSE OXIMETER SENSOR emitters must U-avel through the tissue before reaching the 
WITH REUSABLE PORTION detector. The web attaches to the skin with an adhesive 

surface on the emitter and detector side of the web. Because 
Matter enclosed In heavy brackete [ ] appears In the of its relatively low mass and the adhesive, this sensor 

original patent but forms no part of this reissue specifi- s adheres closely to the patient's skin and niinimizes the 
cation; matter printed in itdlcs Indicates the additions effects of motion anifact. In addition, its flexibUity and use 
made by reissue. of adhesive to secure it minimizes the exsanguination caused 

by rigid sensors. Thus the sensor site typically only needs to 
BACKGROUND OF THE INVENTION be checked every eight hours. Conformable sensors. 

This is a continuation-in-part of patent application Ser 10 however, are typicaUy restricted to one application due in 
No. 07/600,541, filed Oct. 19, 1990, now abandoned. P»rt to a decrease in adhesive effectiveness with each 

This invention relates to scnsois for use with noninvasive appUcation and in part to difficulties in cleadng and steril-
pulse monitors such as plethysmographs or pulse oximeters. ization for reuse. Replacement of the sensor after only one 

. . . . . . , •. TT. 1 . u s e can make pulse oximetry expensive. 
A plethysmograph IS a pulse momtor The plethysmograph ' ^ 

sensor shines light into the patient's tissue, and the light SUMMARY OF THE INVENTION 
transmitted through the tissue is received by a photodetector. 
The photodetector generates electrical signals corresponding The present invention provides a pulse oximeter sensor 
to the transmitted light levels and transmits the signals to a 'hat is designed to surround an appendage of the patient, 
monitor for processing. Arterial blood wUl absorb some of such as a finger, toe or foot. The sensor has a reusable 
the light, with more light being absorbed when there is more ^° member which preferably includes a photodetector A 
blood. Thus, changes in the amount of transmitted Ught are disposable, flexible member preferably contains the photo-
related to pulses of arterial blood in the Uluminated tissue. emitter and can be wrapped around the patient's appendage 

A pulse oximeter is a device for nomnvasively determin- to secure it to the appendage and the reusable member. When 
ing the oxygen sahiration of arterial blood. The pulse „ secured, the photoemitter and photodetector end up on 
oximeter sensor shines Ught at two different wavelengths °PP°«te sides of the appendage. The disposable member 
(one in the red range, the other in the infrared range) through connects to the reusable member to estabhsh electncal 
a portion of the patient's blood-perfiised tissue. The red and <=°°"«='- "'"sable member is connected to a cable which 
infrared Ught transmitted through the tissue is detected by a " n be plugged into a .sensor monitoring system, 
photodetector. The amount of light absorbed varies with the In the preferred embodiment, the flexible member is a 
amount of oxygen in the blood, and varies differently for red flexible adhesive web with arms extending lateraUy from a 
and infrared light. The pulse oximeter momtor computes centrd portion. The reusable member is preferably a rigid 
blood oxygen saturation based on the changes in the two housing with a deformable pad for contacting the append-
detected light levels between two points in time. age-

There are several types of sensors for plethysmographs 35 To attach the sensor to the patient, the flexible web is 
and pulse oximeters. One is a surface sensor in which the adhesively attached to one side of the patient's appendage, 
light emitter and the photodetector are mounted on the same and the rigid housing is placed on the other side directly 
sensor face. The sensor is attached to the patient with both opposite the flexible web. The arms extend around the 
the light emitter and the detector on the same side of the appendage to adhesively hold the conformable pad of the 
patient's appendage (e.g., on the patient's forehead). This 40 rigid housing agdnst the appendage. By reducing the mass 
type of sensor detects light reflected back from the tissue, of the sensor and by adhesively attaching the emitters to the 
rather than light transmitted through an appendage. The skin, this configuration mimmizes motion artifact by reduc-
signaldetectedwiU thus be weaker in most cases. The sensor ing the relative movement between the sensor and the 
is typicaUy attached with a strap, headband or tape over the patient's skin experienced by previous clamp-type sensors, 
sensor, or an adhesive pad between the sensor and the skin. 45 In addition, the flexible web and conformable surface of the 

Another type of sensor is a clamp design, such as that "gid housing midmize exsanguination of the tissue beneath 
described in U.S. Pal. No. 4,685,464. The durable sensor the sensor. Since the sensor relies on adhesion to secure it to 
described in that patent has deformable pads creating con- patient, the sensor site should not need to be checked as 
forming tissue contacting surfaces to which the emitters and often as fiDr a clamping-type sensor, 
photodetector are secured. The deformable pads are dis- so After use, the flexible web may be separated from the 
posed in a hinged rigid housing that clips on the patient like rigid housing, the rigid housing cleaned, and a new flexible 
a clothes pin. This relies on a clamping force to secure the web attached to the rigid bousing. The fresh adhesive on the 
sensor to the patient. The force of the sensor against the new flexible web provides a more reliable bond between the 
patient's tissue could reduce the flow ofblood to that region. sensor and the patient than the adhesive on the previously-
This exsanguination of the tissue beneath the sensor 55 used web. In addition, since the flexible web covers four out 
adversely affects pulse detection and analysis by suppressing of the five surfaces of the patient's appendage (including, 
the pulse in that portion of the tissue. As a resuh, the sensor when worn on the finger, the cuticle and subungual region), 
site must typicaUy be checked or moved every four hours to one time use of the flexible portion of the sensor minimizes 
insure adequate perfusion. Because of its relatively large cross-contamination between patients when the sensor is 
mass, however, the clamp design is more susceptible to eo reused. Furthermore, because a portion of the sensor may be 
signal-distorting motion artifact, i.e., differential motion cleaned and reused, this new sensor design reduces the cost 
between the sensor and the patient. of using flexible sensors. 

A third sensor design is described in U.S. Pat. No. The electrical connection between the flexible web and 
4,830,014. The conformable sensor described in that patent the rigid housing is preferably made with a tab extending 
has emitters and a photodetector mounted in the same side 65 'from the flexible web having conductive traces printed on it 
of a flexible web. The web wraps around a portion of the which connect to the photoemitter. The conductive traces are 
patient's tissue (such as a finger) so that the Ught from the inserted into a channel in the back of the housing which is 
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covered by a bridge. Underneath the bridge are a series of The top is the portion which is most important to be 
electrical contacts for making connection with the conduc- adhering, since it contains the photoemitter which should 
live traces. The tab contains an internal resiUent foam which not move relative to the finger. This provides a secure 
is compressed as it is inserted between the housing and the connection which reduces motion artifacts and puts the 
bridge, and exerts an outward force to maintain the tab in 5 disposable, flexible portion in contact with most of the 
place and create an electrical connection between the con- surfaces of the finger so that it is exposed to more contami-
ductive traces and the contacts. nation than the reusable portion. 

For a fuller underetanding of the nature and advantages of . J ^ ^ ' ^ j " " * ' " ' ^ the electrical connection between flex-
.. • .. f u i j u J . .u • ible web 12 and rigid housing 14. FIG. 3 shows adhesive 
ine mveniion,_ rererence snouio oe maoe to tne ensuing j j g partiaUy peeled back from a web base 36. In 
detailed descnpt.on taken m conjunction with the accom- 10 ^/^^^^^ ^ ^^^^^^ ^̂ ^̂ ^ ^8, an elongate 
panying drawmgs. substrate 38 is placed, with a series of conductive 

DDicc r>cc/-Diimr>M r\c -i^c no A\i/ixr/-c tiices 40 on its top surface. Two conductive traces connect 
BRIEF DESCRIPTION OF THE DRAWINGS photoemitters 22, and two connect to a caUbration resistor 

FIG. 1 is a perspective view of a sensor according to the described below. Elongate plastic substrate 38 forms a 
present invention; 'ail 42. Web base 36 can be just large enough to hold tail 42 

r^f, t • ' r .u e T7I/- < 'c adhesive layer 28, as shown, or could conform to the 
n o . 2 IS a pe^pective view of the sensor of FIG. 1 ^ ^ ^ ^ ^ j 28. Web base 36 has an adhesive 

showmg the flexible web being wrapped around a finger; ^ J ^ ^ ^^^j^g ^ ^^^^ 28. 
A compressible foam member 44 is placed between the 

FIG. 3 is a perspective view of the separated disposable 20 halves of tail 42. In the preferred embodiment, the foam is 
and reusable members of FIG. 1 iUusU-ating how the con- made of Poron foam from Roger's Corp. A pair of tabs 46 
nection is made. extend from the top half of the tail having the conductive 

traces. The tabs and the foam member provide part of the 
DETAIL OF THE PREFERRED EMBODIMENT attachment mechanism as explained below. 

FIG. 1 shows a sensor 10 according to the present " A channel 48 is formed on the bottom side of the rigid 
invention. Sensor 10 consists of a flexible, disposable web- ''?"smg 16, opposite deformable pad 18. A series of elec-
bing 12 and a reusable housing 14. Housing 14 includes a K''^'^ f ^ (s**"^" P*"! u°'°l"i V^"" 
rigid portion 16 and a deformable pad 18. A patient's finger 'channel The contacte are covered by a bridge 52 extending 

J . . . . . . . CJ e Ul across the housing. A pair of grooves 54 are formed m the 
20 shown m phantom, is shown placed on top of deformable ^^^^^^ ^J^^ ^ 

the flexible web. 
Flexible web 12 includes a photoemitter 22, which pref- connect the flexible web to the rigid housing, the tail 

erably includes two photoemitters, one for red light and one 42 of the flexible circuit is inserted into the space beneath 
for infrared Ught. A photodetector 24 is included in deform- bridge 52. As the tail moves forward, the plastic foam 44 
able pad 18. Acopper grid 23 is disposed over photodetector compresses. As the taU's tabs 46 move over the channel's 
24. A transparent window 25 covers photodetector 24. AU or grooves 54, the spring action of the foam pushes the tabs into 
substantially aU of the portion of window 25 extending the grooves. The tabs and grooves ensure that the flexible 
beyond photodetector 24 is colored black. In addition, a circuit is not inserted too far and prevent inadvertent 
black area 29 is printed on the underside of foam layer 28. removal of the flexible circuit. The spring action of the foam 
Grid 23, photodetector 24 and photoemitter 22 are electri- also pushes one set of contacts against the other to enhance 
cally connected to a sensor monitoring system through the electrical connection. In addition, the scraping action of 
conductors in a cable 26 connected to housing 14. one set of contacts against the other during insertion and 

Grid 23 is a Faraday shield (electrostatic screen) con- withdrawal of the flexible circuit wUl help remove any 
nected to ground for reducing interference. The thin window oxidation or debris on the contacts. To remove, the tabs are 
25 extends over the copper grid so that the grid wUl not 45 Ufted out of the grooves by puUing the flexible web away 
bulge out pad 18. Before the black coating was added, shift from the housing and the tail is withdrawn from the space 
errors in the data values were noticed. The black coating beneath the bridge. 
eUminated these errors. The reason is not certain, but the Cable 26 contains 6 wires. Two are connected to calibra-
coating over the window may prevent reflections from most tion resistor 55 through two of contacts 50 and conductive 
of the copper, whUe the black coating on the foam layer 28 jg traces 40. Two are connected to photoemitters 22 through 
may prevent light from being shunted through the foam the other two of contacts 50 and conductive traces 40. The 
layer to the detector, bypassing the finger. remaining two wires are connected to photodetector 24. 

Webbing 12 has a top foam layer 28 with an adhesive In the preferred embodiment, the plastic substrate is 
surface. Before use, this adhesive layer is covered with formed from white, substantially opaque polyester. White 
protective plastic (not shown), which is peeled off for use. 55 nylon may also be used, or a clear plastic. The adhesive may 

FIG. 2 iUustrates how the flexible webbing 12 is bent over he white, with a clear window for the photoemitters. 
and attached to finger 20. A first arm 30 of the flexible web The preferred embodiment of the sensor according to this 
is wrapped around the side of housing 14 and wUl continue invention includes an encoding/decoding system such as that 
to be wrapped around its bottom in the direction of arrow 32. described in U.S. Pat. No. 4,621,643. The flexible web 
Similarly, the other arm 34 wUl be wrapped around finger 20 60 supports an encoding resistor 55 in electrical communication 
and housing 14. As can be seen, photoemitters 22, shown in with the monitor. As explained in that patent, the value of the 
phantom, are now on top of the finger, directly opposite resistor is selected to match the wavelengths of the red and 
photodetector 24, which is not visible in this view. As can be infrared LED's. That patent also describes the necessary 
seen, only the bottom of finger 20 contacts deformable pad sensor monitoring electronics. 
18. At least the top of the finger wiU be adhered to by web 65 In an alternative embodiment, the sensor's photodetector 
12. The sides and front may also be adhered to, depending may be mounted in the flexible web with the emitters and the 
on the shape of the finger and how the sensor is attached. encoding resistor mounted in the rigid housing. 
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In the preferred embodiment, the rigid housing is made 
from injection molded polycarbonate. Alternatively, injec­
tion molded ABS plastic may be used. U.S. Pat. No. 4,685, 
464 contains additional details on construction of a rigid 
housing and deformable pad including the placement of the 
photodetector. 

As will be understood by those famiUar with the art, the 
present invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics 
thereof For example, the compression effect of foam 44 
could be obtained instead by making bridge 52 a spring-
action clip, which is opened by holding one end down during 
insertion and then released, with a spring on the cUp holding 
the tab in place. Other variations in the way electrical 
contact is made are also possible. Instead of the adhesive 
layer, the flexible portion could be attached to the finger and 
rigid housing using velcro or other securing mechanisms. 
The flexible web could be made of foU or other color 
materials than white or clear. The sensor could be a surface 
sensor, with adhesive for reducing motion artifact on the 
disposable portion. Accordingly, the disclosure of a pre­
ferred embodiment of the invention is intended to be 
Ulustrative, but not Umiting, of the scope of the invention 
which is set forth in the foUowing claims. 

What is claimed is: 
1. A sensor for attaching to a patient for electrooptical 

measurement of blood characteristics, comprising: 
a reusable member including a first electronic means for 

emitting or detecting electromagnetic radiation; 
conducting means, connected to said reusable member, 

for electricaUy connecting said first electronic means to 
an external sensor monitoring system; 

a disposable, flexible member including a second elec­
tronic means for detecting electromagnetic radiation 
emitted by said first electronic means or emitting 
electromagnetic radiation to be detected by said first 
electronic means; 

means for removably coupUng said flexible member to 
said reusable member to provide a connection between 
said second electronic means and said conducting 
means; and 

means for securing said disposable, flexible member and 
reusable member to said patient. 

2. The sensor of claim 1 wherein said means for securing 
comprises an adhesive on said disposable, flexible member. 

3. The sensor of claim 1 wherein said second electronic 
means is at least one photoemitter. 

4. The sensor of claim 1 wherein said means for remov­
ably coupling comprises a tail extending from said 
disposable, flexible member having at least one exposed first 
electrical conductor, at least one exposed second electrical 
conductor extending from said reusable member, and a 
bridge means connected to said reusable member and 
extending across said second electrical conductor for allow­
ing said taU to be inserted between said bridge means and 
said second conductor. 

5. The sensor of claim 4 wherein said tail includes 
resUient means for applying force between said second 
conductor and said bridge means to hold said taU in place. 

6. The sensor of claim 1 wherein said reusable member 
comprises a rigid housing and a deformable means, attached 
to said housing, for securely gripping and complying to an 
appendage of said patient. 

7. The sensor of claim 1 wherein said second electronic 
means comprises a red light photoemitter and an infrared 
photoemitter. 

30 

8. The sensor of claim 7 wherein said first electronic 
means comprises a photodetector. 

9. The sensor of claim 1 wherein said means for securing 
attaches said sensor to an appendage of said patient so that 

5 said first electronic means is on an opposite side of said 
appendage from said second electronic means. 

10. The senor of claim 1 further comprising a black 
coating on said flexible member around said second elec­
tronic means. 

10 11. The sensor of claim 1 further comprising: 
an electrostatic screen adjacent said first electronic means; 

and 
a thin film covering said first electronic means and at least 

a portion of said electrostatic screen, said film being 
15 transparent over said first electronic means and opaque 

over said portion of said electrostatic screen. 
12. A sensor for attaching to an appendage of a patient for 

electrooptical measurement of blood characteristics, com­
prising: 

20 a reusable member including a first electronic device for 
emitting or detecting light; 

conducting means for electricaUy connecting said first 
electronic device to an external sensor monitoring 
system; 

^ a disposable, flexible member including a second elec­
tronic device for detecting Ught emitted by said first 
electronic device or emitting light to be detected by 
said first electronic device; 

a tail extending from said disposable, flexible member 
having at least one exposed first electrical conductor, at 
least one exposed second electrical conductor extend­
ing from said reusable member, and a bridge connected 
to said reusable member and extending across said 
second electrical conductor to allow said taU to be 
inserted between said bridge and said second conduc­
tor; 

means for securing said disposable, flexible member to 
said appendage and said reusable member so that said 
first electronic device is on an opposite side of said 
appendage from said second electronic device. 

13. The sensor of claim 12 wherein said means for 
securing comprises an adhesive on said disposable, flexible 
member. 

14. The sensor of claim 12 wherein said second electronic 
device is a photoemitter. 

15. The sensor of claim 12 wherein said tail includes 
resiUent means for applying force between said second 
conductor and said bridge to hold said taU in place. 

16. A sensor for attaching to an appendage of a patient for 
electrooptical measurement of blood characteristics, com­
prising: 

a reusable member including a photodetector; 
conducting means, connected to said reusable member, 

for electricaUy coimecting said photodetector to an 
external sensor monitoring .system; 

a disposable, flexible member including at least one 
photoemitter for emitting Ught to be detected by said 
photodetector; 

60 means for removably coupUng said flexible member to 
said reusable member to provide a connection between 
said photoemitter and said conducting means; and 

an adhesive coating on said disposable, flexible member 
for securing said disposable, flexible member to said 

65 appendage and said reusable member so that said 
photodetector is on an opposite side of said appendage 
from said photoemitter. 

40 
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17. A sensor for attaching to an appendage of a patient for magnetic radiation, said at least one electronic means 
electrooptical measurement of blood characteristics, com- being connected to at least one of said conductors 
prising: disposed on said substrate; 

a reusable member including at least one photodetector, conducting cable means for electrically connecting said 
said reusable member including a rigid housing and a 5 electronic means to an external sensor monitoring 
deformable means, attached to said housing, for system; 
securely gripping and complying to said patient's ^^^^ reUasably connecting said flexible member 
appenaage, conductors to said conducting cable means to provide 

conducting means, connected to said reusable member, a connection between said electronic means and said 
for electrically connecting said photodetector to an conducting cable means; and 
external sensor monitoring system; ^^^^^^ yj^^.^,^ ,^ ^^^^ 

a disposable, flexible member including a red Ught pho- ig, jhe sensor of claim 18, wherein said means for 
toemitter and an infrared photoemitter for emitting light securing comprises an adhesive connected to said substrate. 
to be detected by said photodetector; jj 20. The sensor of claim 18, wherein said at least one 

a taU extending from said disposable, flexible member electronic means is a photoemitter 
having at least one exposed first electrical conductor; 21. The sensor of claim 18, wherein said at least one 

at least one exposed second electrical conductor extend- electronic means is a photodetector 
ing from said rigid housing; 22. Tlie sensor cf claim 18, wherein an end of said 

a bridge connected to said rigid housing and extending 20 conducting cable means opposite said releasably connecting 
across said second electrical conductor to allow said « "'^P'^'''° ''f ""^^cted to an oximeter monitor 
taU to be inserted between said bridge and said second ^5. The sensor of clam 18, wherein said blood charac 
conductor- tenstics include artenal oxygen saturation. 

' ., ., 1. , . 1. 24. The sensor of claim 18, wherein said substrate Lt 
resiUent means, coupled to said tail, tor applymg force elongated and flexible 

between said second conductor and said bridge to hold 25. The sensor of claim 18. wherein said plurality of 
said lad m place; and conductors, include a plurality o/ contacts on a surface of 

an adhesive coating on said disposable, flexible member said substrate which can be connected to said releasably 
for securing said disposable, flexible member to said connecting means for electrically connecting said conduct-
appendage and said reusable member so that said ^ ing cable means to said at least one electronic means. 
photoemitters are on an opposite side of said appendage 26. The sensor of claim 18, wherein said plurality of 
from said photodetector. conductors comprise a plurality of conductive traces dis-

18. A sensor for attaching to a patient for electrooptical posed on said substrate. 
measurement of blood characteristics, comprising: 27. The sensor of claim 26, wherein said traces comprise 

a disposable, flexible member having a plurality of con- 35 printed traces, 
doctors disposed on a substrate arul including at least 
one electronic means for emitting or detecting electro- * * * » * 
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