
USOO8255028B2 

(12) United States Patent (10) Patent No.: US 8,255,028 B2 
Al-Ali et a]. (45) Date of Patent: Aug. 28, 2012 

(54) PHYSIOLOGICAL MONITOR (58) Field of Classi?cation Search ................ .. 600/310, 

(75) Inventors: Ammar Al-Ali, Costa Mesa, CA (US); 
Mohamed K. Diab, Mission Vlejo, CA 
(US); Massi E. Kiani, Laguna Niguel, 
CA (US); Robert James Kopotic, 
Jamul, CA (US); David Tobler, 
Westminster, CO (US) 

(73) Assignee: Masimo Corporation, Inc., Irvine, CA 
(Us) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 1603 days. 

(21) Appl.No.: 11/429,471 

(22) Filed: May 5, 2006 

(65) Prior Publication Data 

US 2006/0258924 A1 Nov. 16, 2006 

Related US. Application Data 

(63) Continuation of application No. 11/ 104,720, ?led on 
Apr. 13, 2005, which is a continuation of application 
No. 10/668,487, ?led on Sep. 22, 2003, now Pat. No. 
6,898,452, which is a continuation of application No. 
10/026,013, ?led on Dec. 21, 2001, now Pat. No. 
6,714,804, which is a continuation of application No. 
09/323,176, ?led on May 27, 1999, now Pat. No. 
6,334,065. 

(60) Provisional application No. 60/087,802, ?led on Jun. 
3, 1998. 

(51) Int. Cl. 
A6IB 5/1455 (2006.01) 

(52) US. Cl. ....................... .. 600/323; 600/324; 600/336 

600/322, 323, 336; 702/189, 190, 191 
See application ?le for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

3,704,706 A 12/1972 Hecmfeld et a1. 
3,847,483 A 11/1974 Shaw et a1. 
4,109,643 A 8/1978 Bond et a1. 
4,653,498 A 3/1987 New, Jr. et a1. 
4,854,699 A 8/1989 Edgar, Jr. 
4,869,253 A 9/1989 Craig, Jr. et a1. 
4,911,167 A 3/1990 Corenman et al. 
4,927,264 A 5/1990 Shiga et a1. 
4,934,372 A 6/1990 Corenman et al. 
4,960,128 A 10/1990 Gordon et al. 

(Continued) 

FOREIGN PATENT DOCUMENTS 

EP 0 555 553 A2 8/1993 

(Continued) 
OTHER PUBLICATIONS 

Bartlett, “Oxygen Kinetics”, Critical Care Physiology, 13th Ed., pp. 
1-23. 

(Continued) 
Primary Examiner * Eric Winakur 

Assistant Examiner * Etsub Berhanu 

(74) Attorney, Agent, or Firm * Knobbe Martens Olson & 
Bear LLP 

(57) ABSTRACT 
A patient monitor has multiple sensors adapted to attach to 
tissue sites of a living subject. The sensors generate sensor 
signals that are responsive to at least two wavelengths of 
optical radiation after attenuation by pulsatile blood within 
the tissue sites. A patient monitor uses the plurality of signals 
to reduce the effects of noise. 

22 Claims, 25 Drawing Sheets 

01mm 

PROCESSOR F 

“10“ 
________________________ _? 

150 155 K1“ 1 
MEAN wz 

01mm. 1 
p5151111R s" a. (n ‘1‘ 1 
“"5” rmwrswum a 

(a) L 

154\ A 
s v n, s V 

Am 1) 

m 

15“ 

1-111 3 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Am“! 1 1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 

222222222222222222222222 a, 





US 8,255,028 B2 
Page 3 

6,970,792 B1 11/2005 Diab 
6,979,812 B2 12/2005 Al-Ali 
6,985,764 B2 1/2006 Mason et al. 
6,993,371 B2 1/2006 Kianiet a1. 
6,996,427 B2 2/2006 Ali et al. 
6,999,904 B2 2/2006 Weber et a1. 
7,003,338 B2 2/2006 Weber et a1. 
7,003,339 B2 2/2006 Diab et al. 
7,015,451 B2 3/2006 Dalke et al. 
7,024,233 B2 4/2006 Alet al. 
7,027,849 B2 4/2006 Al-Ali 
7,030,749 B2 4/2006 Al-Ali 
7,039,449 B2 5/2006 Al-Ali 
7,215,984 B2 5/2007 Diab 
7,489,958 B2 2/2009 Diab 
7,499,741 B2 3/2009 Diab 
7,509,154 B2 3/2009 Diab 
7,530,949 B2 5/2009 Al-Ali 

2009/0076400 A1 3/2009 Diab et al. 
2009/0099430 A1 4/2009 Diab et al. 
2009/0182211 A1 7/2009 Diab et al. 

FOREIGN PATENT DOCUMENTS 

EP 807 402 11/1997 
W0 WO 96/12435 5/1996 

OTHER PUBLICATIONS 

Drummond, Willa H., “Ductus Arteriosus”, Cardiovascular Disease 
in the Neonate, pp. 760-771. 
Dudell, Glode, et al., “What Constitutes Adequate Oxygenation?” 
Pediatrics, Jan. 1990, pp. 39-41. 
Murray, Willie et al., “The Peripheral Pulse Wave: Information Over 
looked”, Journal of Clinical Monitoring, vol. 12, pp. 365-377, Sep. 
1996. 

Neuhof, H. et al., “Simultaneous Continuous Measurement of Arte 
rial and Mixed Venous Partial O2 Saturation”, The Oxygen Status of 
Arterial Blood, Zander, MertZlufft (eds.), pp. 273-278 (Karger, Basel 
1991). 
Steinke, John M., Comparison of Mie Theory and the Light Scatter 
ing ofRed Blood Cells:,Applied Optics, vol. 27, No. 19, Oct. 1, 1998, 
pp. 4027-4033. 
Vjayakumar, E., et al., “Pulse Oximetry in Infants of <1500 gm Birth 
Weight on Supplemental Oxygen: A national Survey”, Journal of 
Perinatology, vol. 17, No. 5, 1997, pp. 341-345. 
Weis, Carla M. et al., “Oxygen Therapy”, Chapt. 46, Pulmonary 
Disease in the Neonate, pp. 538-545. 
White, Katherine, “Completing the Hemodynamic Picture: Svox”, 
Heart & Lung, May 1985, vol. 14, No. 3. 
Wolf, Martin, et al., “Continuous Noninvasive Measurement of Cere 
bral Arterial and Venous Oxygen Saturation at the Bedside in 
Mechanically Ventilated Noenates\”, Critl Care Med, 1997, vol. 25, 
No. 9, pp. 1579-1582. 
Mallinckrodt inc. v. Masimo Corp., 2004 US. Dist. LEXIS 28518 

(CD. Cal. Jul. 12,2004). 
Mallinckrodt, Inc. v. Masimo Corp., 147 Fed. Appx. 158, 2005 WL 
2139867 (Fed. Cir. 2005). 
Mallinckrodt, Inc. v. Masimo Corp., 254 F. Supp.2d 1140 (CD. Cal. 
2003). 
Revised Joint Claim Construction Chart, MASIMO Corporation v. 
Philips Electronics North America Corporation and Philips Medizin 
Systeme Boblingen GMBH, (District of Delaware, Case No. 1:09-cv 
00080 (LPS/MPT) dated Oct. 19, 2010. 
Philips’ Opening Markman Brief, MASIMO Corporation v. Philips 
Electronics North America Corporation and Philips Medizin 
Systeme Boblingen GMBH, (District of Delaware, Case No. 1:09-cv 
00080 (LPS/MPT dated Oct. 19, 2010. 
MASIMO Corporation’s Opening Claim Construction Brief, 
MASIMO Corporation v. Philips Electronics North America Corpo 
ration and Philips Medizin Systeme Boblingen GMBH, (District of 
Delaware, Case No. 1:09-cv-00080 (LPS/MPT) dated Oct. 19,2010. 
Declaration of Perry D. Oldham in Support of MASIMO Corpora 
tion’s Opening Claim Construction Brief, MASIMO Corporation v. 
Philips Electronics North America Corporation and Philips Medizin 

SystemeBoblingen GMBH, (District of Delaware, Case No. 1:09-cv 
00080 (LPS/MPT) dated Oct. 19, 2010. 
Declaration of Robert T. Stone in Support of Philips’ Responsive 
Markman Brief, MASIMO Corporation v. Philips Electronics North 
America Corporation and Philips Medizin Systeme Boblingen 
GMBH, (District of Delaware, Case No. 1:09-cv-00080 (LPS/MPT) 
dated Nov. 15,2010. 
MASIMO Corporation’s Responsive Claim Construction Brief, 
MASIMO Corporation v. Philips Electronics North America Corpo 
ration and Philips Medizin Systeme Boblingen GMBH, (District of 
Delaware, Case No. 1:09-cv-00080 (LPS/MPT) dated Nov. 19, 2010 
(Redacted). 
Con?dential Declaration of Michelle Armond in Support of 
MASIMO Corporation’s Responsive Claim Construction Brief, 
MASIMO Corporation v. Philips Electronics North America Corpo 
ration and Philips Medizin Systeme Boblingen GMBH, (District of 
Delaware, Case No. 1:09-cv-00080 (LPS/MPT) dated Nov. 19, 2010 
(Redacted). 
Philips’ Responsive Markman Brief, MASIMO Corporation v. 
Philips Electronics North America Corporation and Philips Medizin 
SystemeBoblingen GMBH, (District of Delaware, Case No. 1:09-cv 
00080 (LPS/MPT) dated Nov. 22, 2010. 
MASIMO’s Technical Tutorial, MASIMO Corporation v. Philips 
Electronics North America Corporation and Philips Medizin 
SystemeBoblingen GMBH, (District of Delaware, Case No. 1:09-cv 
00080 (LPS/MPT) dated Dec. 1, 2010. 
Phlips’ Claim Construction Hearing, Presentation Materials, 
MASIMO Corporation v. Philips Electronics North America Corpo 
ration and Philips Medizin Systeme Boblingen GMBH, (District of 
Delaware, Case No. 1:09-cv-00080 (LPS/MPT) dated Dec. 1, 2010. 
Transcript of Markman Hearing, MASIMO Corporation v. Philips 
Electronics North America Corporation and Philips Medizin 
SystemeBoblingen GMBH, (District of Delaware, Case No. 1:09-cv 
00080 (LPS/MPT) dated Dec. 1, 2010. 
Report and Recommendation re Claim Construction, MASIMO Cor 
poration v. Philips Electronics North America Corporation and 
Philips Medizin Systeme Boblingen GMBH, (District of Delaware, 
Case No. 1:09-cv-00080 (LPS/MPT) dated Feb. 18, 2011. 
Of?cial Communication and European Search Report issued in 
Application No. EP 10 18 2866 on Feb. 24, 2011 in 5 pages. 
Masimo Corporation v. Philips Electronics North America Corpo 
ration and Philips Medizin Systeme Boblingen GMBH, (District of 
Delaware, Case No. 09-000080(JJF)) Complaint for Patent Infringe 
ment dated Feb. 3, 2009, pp. 1-13. 
Masimo Corporation v. Philips Electronics North America Corpo 
ration and Philips Medizin Systeme Boblingen GMBH, (District of 
Delaware, Case No. 09-00080(JJF)) First Amended Complaint for 
Patent Infringement dated May 12, 2009, pp. 1-16. 
Masimo Corporation v. Philips Electronics North America Corpo 
ration and Philips Medizin Systeme prlingen GMBH, (District of 
Delaware, Case No. 09-00080(JJF)) Defendant’s Answer and Philips 
Electronics North America Corporation’s Counterclaims to 
Masimo’s First Amended Complaint dated Jun. 15, 2009, pp. 1-65. 
Masimo Corporation v. Philips Electronics North America Corpo 
ration and Philips Medizin Systeme Boblingen GMBH, (District of 
Delaware, Case No. 09-00080(JJF)) Masimo’s Answer to Philips’ 
Counterclaims dated Jul. 9, 2009, pp. 1-68. 
Masimo Corporation v. Philips Electronics North America Corpo 
ration and Philips Medizin Systeme Boblingen GMBH, (District of 
Delaware, Case No. 09-00080(JJF)) Defendant/Counterclaim-Plain 
tiff Philips Electronics North America Corporation Answer to 
Masimo’s Counterclaims dated Aug. 3, 2009, pp. 1-23. 
Masimo Corporation v. Philips Electronics North America Corpo 
ration and Philips Medizin Systeme Boblingen GMBH, (District of 
Delaware, Case No. 09-00080(JJF)) Defendants’ Answer and Philips 
Electronics North America Corporation’s Amended Counterclaims 
to Masimo’s First Amended Complaint, dated Apr. 21, 2010, pp. 
1-62. 
Masimo Corporation v. Philips Electronics North America Corpo 
ration and Philips Medizin Systeme Boblingen GMBH, (District of 
Delaware, Case No. 09-00080(JJF)) Masimo’s Answer to Philips’ 
Amended Counterclaims, dated May 10, 2010, pp. 1-76. 



US 8,255,028 B2 
Page 4 

Masimo Corporation v. Philips Electronics North America Corpo 
ration and Philips MediZin Systeme Boblingen GMBH, (District of 
Delaware, Case No. 09-00080(JJF)) Philips Electronics North 
America Corporation’s Answer to Masimo’s Amended Counter 
claims (D.I. 102) dated May 27, 2010, pp. 1-24. 
Masimo Corporation v. Philips Electronics North America Corpo 
ration and Philips MediZin Systeme Boblingen GMBH, (District of 
Delaware, Case No. 09-00080(JJF)) Philips North America Corpo 
ration and Philips MediZin Systeme Boblingen GMBH’s Seventh 

Supplemental Objections and Responses to Masimo Coporation’s 
First Set of Interrogatories (Nos. 1-8) dated Jun. 30, 2010, pp. 1-40 
(redacted). 
Scharf, University of South Florida Department of Anesthesiology, 
“Pulse OXimetry Through Spectral Analysis,” pp. 227-235. 
Scharf, USF Department of Anesthesiology, USF Department of 
Electrical Engineering, Optimization of Portable Pulse OXimetry 
Through Fourier Analysis, pp. 233-235. 

* cited by examiner 



US 8,255,028 B2 Sheet 1 0f 25 Aug. 28, 2012 US. Patent 

7.. I l l I I l l I l l i I 1 1 I l I l | | 2 2 I i I. 1| J 
N _ 

v _ 

_ _ . 

_ _ 3 b? 

_ _ 

_ _ 

_ _ 

_ _ _ _ 

_ _ 

_ Na Ema 8652 

_ 5;»qu Mm" momwm 

_ 

w 

_ (/S_ 2 

m 

u 3 In: 

_ 5 82 8652 
_ N8 N0 Em F momzwm 

_ > 

2 < (/2: #2 51 

J 

H m TU 

2 w Iléwmxgmz “288% m: N: O n O 3 o m (SEE; 

_ ME :5: / momzum _ _ 81 (/Nm: 81 5 3K _ 
Fl l I l I l | | l I l l l I l l | I l I I I |l|||L 

We: 







US 8,255,028 B2 Sheet4 0f25 Aug. 28, 2012 US. Patent 

ESQ “EC? 82 8m 8w 0% 8 \03 

_ m 

_ 

m _ _ 

25 25385: $08 53x8 888“ 
235 5385: 5a o SMK 

NOleHOSHV 

own 



US. Patent Aug. 28, 2012 Sheet 5 0f 25 US 8,255,028 B2 

\ 430 



US 8,255,028 B2 Sheet 6 0f 25 Aug. 28, 2012 US. Patent 

_l 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
| 
I 
I 
I 

omm/ 

55E mw<m 
m _ >>04 

mum 

own 
/ 

and 

$5; 

mmo rm 5m z_<o 

ouw 

mutjmz< Immm 
l._______1________.____.___ 

N: I I- .._<zo_m utmonioo 





US 8,255,028 B2 Sheet 8 0f 25 Aug. 28, 2012 US. Patent 

35 

“QR 
Nun 

.Em 004 

o¢n.\ omw|\ omnu\ 

XDZMQ 
0 K\ 

NNR/ 
him 004 ESE 

.\ .\ \ f N K 

own 02. own 

0 E 

[New 



US. Patent Aug. 28, 2012 Sheet 9 0f 25 US 8,255,028 B2 

ROW lRw 
.1 858A 852 854 

ROW lRw /800 1 FREQUENCY ( \1— 

‘3 N 

03 

3‘ E 
i ; E,’ E 
a E m 

: ( *0 
a? N 

‘3 E2 
QQ 

5/ BGHUNSVW Q 



US 8,255,028 B2 Sheet 10 0f25 Aug. 28, 2012 US. Patent 

mwQ 
A It >uzu20uE 

N5 Ev 

HQOLINSVH 

cum 



US 8,255,028 B2 Sheet110f25 Aug. 28, 2012 US. Patent 

%\ SQ 

l'll'll-ll'il 
__________<-_---_—__-J 

@2558 uo<mu>< 

L p L 

:1 m a F. I. 3 “2.35m Em. 

mm: 92 V5". AN; 
865% $585 52: o 6 _\ 

Ex 55: N2: , 95 

$2M 88\ 291x 

"6553 23 

S. 5.3 v2“: 

22.\ N; 



US. Patent Aug. 28, 2012 Sheet 12 0f 25 US 8,255,028 B2 

\1120 1150 

1140 

/ // 

[/61 1130 

) HWH'IOA 
1110 



US. Patent 

1200 
1278 

Aug. 28, 2012 Sheet 13 0f25 

k1220 

TIME 

1210 
~7— NOILdHOSHV———— 

US 8,255,028 B2 

/2 



US. Patent Aug. 28, 2012 Sheet 14 0f 25 US 8,255,028 B2 

/////1300 L? 

[/61 1376 

1378 1374 1372 






















































