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(57) ABSTRACT

A regional oximetry sensor has a sensor head attachable to
a patient skin surface so as to transmit optical radiation into
the skin and receive that optical radiation after attenuation
by blood flow within the skin. The sensor includes windows
that press into the skin to maximize optical transmission. A
stem extending from the sensor head transmits electrical
signals between the sensor head and an attached cable. In a
peel resistant configuration, the stem is terminated interior to
the sensor head and away from a sensor head edge so as to
define feet along either side of the stem distal the stem
termination. The stem interior termination transforms a peel
load on a sensor head adhesive to less challenging tension
and shear loads on the sensor head adhesive.

21 Claims, 13 Drawing Sheets




US 10,617,335 B2

Page 2

(60)

(31)

(52)

(56)

Related U.S. Application Data

Provisional application No. 62/012,170, filed on Jun.
13, 2014, provisional application No. 61/887,878,
filed on Oct. 7, 2013, provisional application No.
61/887,856, filed on Oct. 7, 2013, provisional
application No. 61/887,883, filed on Oct. 7, 2013.

Int. CL

A6IB 5/00 (2006.01)

HOIR 13/52 (2006.01)

US. CL.

CPC ... A61B 5/14553 (2013.01); A61B 5/6833

(2013.01); A61B 5/7275 (2013.01); A61B
5/742 (2013.01); AGIB 5/746 (2013.01); A61B
5/14551 (2013.01); AG1B 5/14557 (2013.01);
A61B 2562/22 (2013.01); A61B 2562/222
(2013.01); A61B 2562/225 (2013.01); A61B
2562/227 (2013.01); A61B 2562/228
(2013.01); HOIR 13/5224 (2013.01); HOIR
2201/12 (2013.01)

References Cited

U.S. PATENT DOCUMENTS

5,041,187 A 8/1991 Hink et al.
5,069,213 A 12/1991 Polczynski
5,163,438 A 11/1992 Gordon et al.
5,237,994 A 8/1993 Goldberger
5319355 A 6/1994 Russek
5,337,744 A 8/1994 Branigan
5,341,805 A 8/1994 Stavridi et al.
D353,195 S 12/1994 Savage et al.
D353,196 S 12/1994 Savage et al.
5,377,676 A 1/1995 Vari et al.
D359,546 S 6/1995 Savage et al.
5,431,170 A 7/1995 Mathews
D361,840 S 8/1995 Savage et al.
D362,063 S 9/1995 Savage et al.
5,452,717 A 9/1995 Branigan et al.
D363,120 S 10/1995 Savage et al.
5,456,252 A 10/1995 Vari et al.
5479934 A 1/1996 Imran
5,482,036 A 1/1996 Diab et al.
5,490,505 A 2/1996 Diab et al.
5,494,043 A 2/1996 O’Sullivan et al.
5,533,511 A 7/1996 Kaspari et al.
5,534,851 A 7/1996 Russek
5,561,275 A 10/1996 Savage et al.
5,562,002 A 10/1996 Lalin
5,590,649 A 1/1997 Caro et al.
5,602,924 A 2/1997 Durand et al.
5,632,272 A 5/1997 Diab et al.
5,632,273 A 5/1997 Suzuki
5,638,816 A 6/1997 Kiani-Azarbayjany et al.
5,638,818 A 6/1997 Diab et al.
5,645440 A 7/1997 Tobler et al.
5,685299 A 11/1997 Diab et al.
D393,830 S 4/1998 Tobler et al.
5,743,262 A 4/1998 Lepper, Jr. et al.
5,758,644 A 6/1998 Diab et al.
5,760,910 A 6/1998 Lepper, Jr. et al.
5,769,785 A 6/1998 Diab et al.
5,782,757 A 7/1998 Diab et al.
5,785,659 A 7/1998 Caro et al.
5,791,347 A 8/1998 Flaherty et al.
5,810,734 A 9/1998 Caro et al.
5,823950 A 10/1998 Diab et al.
5,830,131 A 11/1998 Caro et al.
5,833,618 A 11/1998 Caro et al.
5,860,919 A 1/1999 Kiani-Azarbayjany et al.
5,890,929 A 4/1999 Mills et al.
5,904,654 A 5/1999 Wohltmann et al.
5,919,134 A 7/1999 Diab

5,934,925
5,940,182
5,995,855
5,997,343
6,002,952
6,011,986
6,027,452
6,036,642
6,045,509
6,067,462
6,081,735
6,088,607
6,110,522
6,124,597
6,128,521
6,129,675
6,144,868
6,151,516
6,152,754

6,157,850 ¢
6,165,005 ¢

6,184,521
6,206,830
6,229,856
6,232,609
6,236,872
6,241,683
6,253,097
6,256,523
6,263,222
6,278,522
6,280,213
6,285,896
6,301,493
6,317,627
6,321,100
6,325,761
6,334,065
6,343,224
6,349,228
6,360,114
6,368,283
6,371,921
6,377,829
6,388,240
6,397,001
6,430,437
6,430,525
6,463,311
6,470,199
6,501,975
6,505,059
6,515273
6,519,487
6,525,386
6,526,300
6,541,756
6,542,764
6,580,086
6,584,336
6,595,316
6,597,932
6,597,933
6,606,511
6,632,181
6,639,668
6,640,116
6,643,530
6,650,917
6,654,624
6,658,276
6,661,161
6,671,531
6,678,543
6,684,090
6,684,091
6,697,656
6,697,657
6,697,658

8/1999
8/1999
11/1999
12/1999
12/1999
1/2000
2/2000
3/2000
4/2000
5/2000
6/2000
7/2000
8/2000
9/2000
10/2000
10/2000
11/2000
11/2000
11/2000
12/2000
12/2000
2/2001
3/2001
5/2001
5/2001
5/2001
6/2001
6/2001
7/2001
7/2001
8/2001
8/2001
9/2001
10/2001
112001
11/2001
12/2001
12/2001
1/2002
2/2002
3/2002
4/2002
4/2002
4/2002
5/2002
5/2002
8/2002
8/2002
10/2002
10/2002
12/2002
1/2003
2/2003
2/2003
2/2003
2/2003
4/2003
4/2003
6/2003
6/2003
7/2003
7/2003
7/2003
8/2003
10/2003
10/2003
10/2003
112003
11/2003
11/2003
12/2003
12/2003
12/2003
1/2004
1/2004
1/2004
2/2004
2/2004
2/2004

Tobler et al.
Lepper, Jr. et al.
Kiani et al.
Mills et al.
Diab et al.
Diab et al.
Flaherty et al.
Diab et al.
Caro et al.
Diab et al.
Diab et al.
Diab et al.
Lepper, Jr. et al.
Shehada
Marro et al.
Jay

Parker
Kiani-Azarbayjany et al.
Gerhardt et al.
Diab et al.
Mills et al.
Coffin, IV et al.
Diab et al.
Diab et al.
Snyder et al.
Diab et al.
Macklem et al.
Aronow et al.
Diab et al.
Diab et al.
Lepper, Jr. et al.
Tobler et al.
Tobler et al.
Marro et al.
Ennen et al.
Parker

Jay

Al-Ali et al.
Parker

Kiani et al.
Diab et al.

Xu et al.

Caro et al.
Al-Ali

Schulz et al.
Diab et al.
Marro

Weber et al.
Diab

Kopotic et al.
Diab et al.
Kollias et al.
Al-Ali

Parker

Mills et al.
Kiani et al.
Schulz et al.
Al-Ali et al.
Schulz et al.
Ali et al.
Cybulski et al.
Tian et al.
Kiani et al.
Ali et al.
Flaherty et al.
Trepagnier
Diab

Diab et al.
Diab et al.
Diab et al.
Kiani et al.
Lanzo et al.
Ai-Ali et al.
Diab et al.

Ali et al.
Parker

Ai-Ali
Shehada et al.
Al-Ali



US 10,617,335 B2

Page 3

(56)

RE38,476
6,699,194
6,714,804
RE38,492
6,721,582
6,721,585
6,725,075
6,728,560
6,735,459
6,745,060
6,745,061
6,760,607
6,770,028
6,771,994
6,792,300
6,813,511
6,816,741
6,822,564
6,826,419
6,830,711
6,850,787
6,850,788
6,852,083
6,861,639
6,898,452

6,970,792
6,979,812
6,985,764
6,993,371
6,996,427
7,003,338
7,003,339
7,015,451
7,024,233
7,027,849
7,030,749
7,039,449
7,041,060
7,044,918
7,067,893
7,096,052
7,096,054
7,132,641
7,142,901
7,149,561
7,186,966
7,190,261
7,215,984
7,215,986
7,221,971
7,225,006
7,225,007
RE39,672
7,239,905
7,245,953
7,254,429
7,254,431
7,254,433
7,254,434
7,272,425
7,274,955
D554,263
7,280,858
7,289,835
7,292,883
7,295,866
7,328,053
7,332,784

References Cited

U.S. PATENT DOCUMENTS

E
Bl
B2

Bl
B2
B2
B2
B2
B2

3/2004
3/2004
3/2004
4/2004
4/2004
4/2004
4/2004
4/2004
5/2004
6/2004
6/2004
7/2004
8/2004
8/2004
9/2004
11/2004
11/2004
11/2004
11/2004
12/2004
2/2005
2/2005
2/2005
3/2005
5/2005
7/2005
8/2005
8/2005
9/2005
9/2005
9/2005
11/2005
11/2005
12/2005
1/2006
1/2006
2/2006
2/2006
2/2006
3/2006
4/2006
4/2006
4/2006
5/2006
5/2006
5/2006
6/2006
8/2006
8/2006
11/2006
11/2006
12/2006
3/2007
3/2007
5/2007
5/2007
5/2007
5/2007
5/2007
6/2007
7/2007
7/2007
8/2007
8/2007
8/2007
8/2007
9/2007
9/2007
10/2007
10/2007
10/2007
11/2007
11/2007
2/2008
2/2008

Diab et al.
Diab et al.
Al-Ali et al.
Diab et al.
Trepagnier et al.
Parker
Al-Ali
Kollias et al.
Parker

Diab et al.
Hicks et al.
Al-Ali

Ali et al.
Kiani et al.
Diab et al.
Diab et al.
Diab

Al-Ali

Diab et al.
Mills et al.
Weber et al.
Al-Ali

Caro et al.
Al-Ali
Al-Ali et al.
Al-Ali et al.

Kiani-Azarbayjany et al.

Kiani et al.
Flaherty et al.
Coffin, IV
Al-Ali

Diab

Diab

Al-Ali
Mason et al.
Kiani et al.
Ali et al.
Weber et al.
Diab et al.
Dalke et al.
Ali et al.
Al-Ali

Al-Ali

Al-Ali
Flaherty et al.
Diab

Mills et al.
Mason et al.
Abdul-Hafiz et al.
Schulz et al.
Kiani et al.
Diab

Al-Ali

Al-Ali

Diab

Diab

Diab

Al-Ali et al.
Al-Ali
Shehada et al.

Kiani-Azarbayjany et al.

Parker
Schurman et al.
Al-Ali

Diab et al.
Schulz et al.
Al-Ali

Kiani et al.
Ai-Ali

Al-Ali et al.
Mansfield et al.
De Felice et al.
Al-Ali

Diab et al.
Mills et al.

7,340,287
7,341,559
7,343,186
D566,282

7,496,391
7,496,393
D587.657
7,499,741
7,499,835
7,500,950
7,509,154
7,500,494
7,510,849
7,526,328
7,530,942
7,530,949
7,530,955
7,563,110
7,596,398
7,618,375
D606,659
7,647,083
D609,193
D614,305
RE41317
7,729,733
7,734,320
7,761,127
7,761,128
7,764,982
D621,516
7,791,155
7,801,581

7,844,314
7,844,315
7,865,222
7,873,497
7,880,606
7,880,626
7,891,355
7,894,868
7,899,507
7,899,518
7,904,132
7,909.772
7,910,875
7919,713
7,937,128
7,937,129
7,937,130
7,941,199
7,951,086
7,957,780
7,962,188
7,962,190

3/2008
3/2008
3/2008
4/2008
4/2008
4/2008
5/2008
5/2008
5/2008
5/2008
5/2008
5/2008
6/2008
8/2008
9/2008
10/2008
10/2008
11/2008
12/2008
12/2008
12/2008
12/2008
1/2009
1/2009
2/2009
2/2009
2/2009
3/2009
3/2009
3/2009
3/2009
3/2009
3/2009
3/2009
4/2009
5/2009
5/2009
5/2009
7/2009
9/2009
11/2009
12/2009
1/2010
2/2010
4/2010
5/2010
6/2010
6/2010
72010
772010
7/2010
8/2010
9/2010
9/2010
10/2010
11/2010
11/2010
11/2010
11/2010
172011
172011
2/2011
2/2011
2/2011
2/2011
3/2011
3/2011
3/2011
3/2011
3/2011
4/2011
5/2011
5/2011
5/2011
5/2011
5/2011
6/2011
6/2011
6/2011

Mason et al.
Schulz et al.
Lamego et al.
Al-Ali et al.
Al-Ali
Schurman
Abdul-Hafiz
Al-Ali et al.
Weber et al.
Diab et al.
Al-Ali et al.
Weber et al.
Diab et al.
Al-Ali et al.
Ali et al.
Al-Ali et al.
Diab

Diab et al.
Weber et al.
Diab et al.
Diab et al.
Diab et al.
Al-Ali et al.
Diab et al.
Diab et al.
Diab et al.
Diab et al.
Al-Ali et al.
Diab et al.
Weber et al.
Al-Ali et al.
Diab et al.
Al-Ali
Schurman et al.
Diab et al.
Diab

Al Ali et al.
Diab et al.
Al-Ali et al.
Al-Ali et al.
Flaherty
Kiani et al.
Al-Ali et al.
Al-Ali et al.
Al-Ali et al.
Parker
Al-Ali et al.
Al-Ali
Al-Ali et al.
Al-Ali et al.
Dalke et al.
Kiani et al.
Diab

Diab
Schurman et al.
Parker
Kiani et al.
Al-Ali
Al-Ali
Weber et al.
Weber et al.
Al-Ali
Al-Ali et al.
Al-Ali et al.
Al-Ali et al.
Al-Ali et al.
Trepagnier et al.
Weber et al.
Popov et al.
Al-Ali
Al-Ali et al.
Al-Ali
Mason et al.
Diab et al.
Kiani
Flaherty et al.
Lamego et al.
Kiani et al.
Diab et al.



US 10,617,335 B2
Page 4

(56)

7,976,472
7,988,637
7,990,382
7,991,446
8,000,761

8,048,040
8,050,728
RE43,169
8,118,620
8,126,528
8,128,572
8,130,105
8,145,287
8,150,487
8,175,672
8,180,420
8,182,443
8,185,180
8,190,223
8,190,227
8,203,438
8,203,704
8,204,566
8,219,172
8,224,411
8,228,181
8,229,533
8,233,955
8,244,325
8,255,026
8,255,027
8,255,028
8,260,577
8,265,723
8,274,360
8,301,217
8,306,596
8,310,336
8,315,683
RE43,860
8,337,403
8,346,330
8,353,842
8,355,766
8,359,080
8,364,223
8,364,226
8,374,665
8,385,995
8,385,996
8,388,353
8,399,822
8,401,602
8,405,608
8,414,499
8,418,524
8,423,106
8,428,967
8,430,817
8,437,825
8,455,290
8,457,703
8,457,707
8,463,349
8,466,286

References Cited

U.S. PATENT DOCUMENTS

B2
B2
B2
B2
B2

7/2011
8/2011
8/2011
8/2011
8/2011
8/2011
9/2011
9/2011
10/2011
10/2011
10/2011
10/2011
10/2011
10/2011
10/2011
1172011
11/2011
2/2012
2/2012
2/2012
3/2012
3/2012
3/2012
4/2012
5/2012
5/2012
5/2012
5/2012
5/2012
5/2012
6/2012
6/2012
6/2012
7/2012
7/2012
7/2012
7/2012
7/2012
8/2012
8/2012
8/2012
8/2012
9/2012
9/2012
9/2012
10/2012
112012
112012
112012
12/2012
12/2012
1/2013
1/2013
1/2013
1/2013
1/2013
1/2013
2/2013
2/2013
2/2013
3/2013
3/2013
3/2013
3/2013
4/2013
4/2013
4/2013
4/2013
4/2013
5/2013
6/2013
6/2013
6/2013
6/2013
6/2013

Kiani

Diab

Kiani
Al-Ali et al.
Al-Ali
Bellott et al.

Kiani-Azarbayjany et al.

Diab et al.
Al-Ali et al.
Bellott et al.
Schurman et al.
Diab et al.

Ali et al.
Diab et al.
Diab et al.
Kiani

Al-Ali et al.
Parker

Al-Ali et al.
Diab et al.
Diab et al.
Al-Ali et al.
Diab et al.
Diab et al.
Parker

Diab et al.
Kiani

Diab et al.
Al-Ali et al.
Diab et al.
Kiani et al.
Merritt et al.
Schurman et al.
Schurman et al.
Al-Ali et al.
Al-Ali

Diab et al.
Al-Ali et al.
Al-Ali et al.
Al-Ali

Al-Ali et al.
Al-Ali et al.
Weber et al.
McHale et al.
Sampath et al.
Al-Ali et al.
Schurman et al.
Mubhsin et al.
Al-Ali et al.
Parker

Al-Ali et al.
Lamego
Al-Ali et al.

MacNeish, III et al.

Diab et al.
Al-Ali et al.
Diab et al.
Lamego
Al-ali et al.
Smith et al.
Kiani et al.
Al-Ali
Kiani
Al-Ali et al.
Al-Ali et al.
Al-Ali
Lamego et al.
Olsen et al.
Al-Ali et al.
Dalvi et al.
Siskavich
Al-Ali
Kiani

Diab et al.
Bellot et al.

8,471,713
8,473,020
8,483,787
8,489,364
8,498,684
8,504,128
8,500,867
8,515,509
8,523,781
8,529,301
8,532,727
8,532,728
D692,145
8,547,209
8,548,548
8,548,549
8,548,550
8,560,032
8,560,034
8,570,167
8,570,503
8,571,617
8,571,618
8,571,619
8,584,345
8,577,431
8,581,732
8,588,880
8,600,467
8,606,342
8,626,255
8,630,691
8,634,889
8,641,631
8,652,060
8,663,107
8,666,468
8,667,967
8,670,811
8,670,814
8,676,286
8,682,407
REA44,823
REA44,875

8,700,112
8,702,627
8,706,179
8,712,494
8,715,206
8,718,735
8,718,737
8,718,738
8,720,249
8,721,541
8,721,542
8,723,677
8,740,792
8,754,776
8,755,535
8,755,856
8,755,872
8,761,850
8,764,671
8,768,423
8,771,204
8,777,634
8,781,543
8,781,544
8,781,549
8,788,003
8,790,268
8,801,613
8,821,397
8,821,415
8,830,449
8,831,700
8,840,549
8,847,740

6/2013
6/2013
7/2013
7/2013
7/2013
8/2013
82013
82013
9/2013
9/2013
9/2013
9/2013
10/2013
10/2013
10/2013
10/2013
10/2013
10/2013
10/2013
10/2013
10/2013
10/2013
10/2013
10/2013
10/2013
11/2013
11/2013
11/2013
12/2013
12/2013
1/2014
1/2014
1/2014
2/2014
2/2014
3/2014
3/2014
3/2014
3/2014
3/2014
3/2014
3/2014
4/2014
4/2014
4/2014
4/2014
4/2014
4/2014
4/2014
512014
52014
5/2014
5/2014
5/2014
5/2014
5/2014
5/2014
6/2014
6/2014
6/2014
6/2014
6/2014
6/2014
7/2014
7/2014
72014
72014
72014
72014
7/2014
7/2014
7/2014
8/2014
9/2014
9/2014
9/2014
9/2014
9/2014
9/2014

Poeze et al.
Kiani et al.
Al-Ali et al.
Weber et al.
Weber et al.
Blank et al.
Workman et al.
Bruinsma et al.
Al-Ali

Al-Ali et al.
Ali et al.

Diab et al.
Al-Ali et al.
Kiani et al.
Al-Ali
Schurman et al.
Al-Ali et al.
Al-Ali et al.
Diab et al.
Al-Ali

Vo et al.
Reichgott et al.
Lamego et al.
Ai-Ali et al.
Al-Ali et al.
Lamego et al.
Al-Ali et al.
Abdul-Hafiz et al.
Al-Ali et al.
Diab

Al-Ali et al.
Lamego et al.
Al-Ali et al.
Sierra et al.
Al-Ali

Kiani

Al-Ali

Al-Ali et al.
O’Reilly

Diab et al.
Weber et al.
Al-Ali

Parker

Kiani et al.
Telfort et al.
Kiani

Telfort et al.
Parker
MacNeish, III et al.
Telfort et al.
Lamego et al.
Diab et al.
Blank et al.
Al-Ali

Al-Ali et al.
Al-Ali et al.
Kiani

Kiani et al.
Poeze et al.
Telfort et al.
Diab et al.
Marinow
Lamego

Kiani
Shakespeare et al.
Telfort et al.
Kiani et al.
Diab et al.
Al-Ali et al.
Al-Ali et al.
Schurman et al.
Al-Ali

Al-Ali et al.
Al-Ali et al.
Al-Ali et al.
Lamego et al.
Schurman et al.
Al-Ali et al.
Kiani et al.



US 10,617,335 B2

Page 5

(56)

8,849,365
8,852,004
8,852,094
8,868,147
8,868,150
8,870,792
8,886,271
8,888,539
8,888,708
8,892,180
8,897,847
8,909,310
8,911,377
8,912,909
8,020,317
8,921,699
8,022,382
8,929,064
8,042,777
8,048,834
8,048,835
8,965,471
8,983,564
8,989,831
8,996,085
8,998,809
9,028,429
9,037,207
9,060,721
9,066,666
9,066,680
9,072,474
9,078,560
9,084,569
9,095,316
9,106,038
9,107,625
9,107,626
9,113,831
9,113,832
9,119,595
9,131,881
9,131,882
9,131,883
9,131,917
9,138,180
9,138,182
9,138,192
9,142,117
9,153,112
9,153,121
9,161,696
9,161,713
9,167,995
9,176,141
9,186,102
9,192,312
9,192,329
9,192,351
9,195,385
9,211,072
9,211,095
9,218,454
9,226,696
9,241,662
9,245,668
9,259,185
9,267,572
9,277,880
9,280,167
9,295,421
9,307,928
9,323,894
9,326,712
9,333,316

References Cited

U.S. PATENT DOCUMENTS

B2
B2
B2
B2
B2

9/2014
10/2014
10/2014
10/2014
10/2014
10/2014
11/2014
11/2014
11/2014
112014
112014
12/2014
12/2014
12/2014
12/2014
12/2014
12/2014

1/2015

1/2015

2/2015

2/2015

2/2015

3/2015

3/2015

3/2015

4/2015

5/2015

5/2015

6/2015

6/2015

6/2015

7/2015

7/2015

7/2015

8/2015

8/2015

8/2015

8/2015

8/2015

8/2015

9/2015

9/2015

9/2015

9/2015

9/2015

9/2015

9/2015

9/2015

9/2015
10/2015
10/2015
10/2015
10/2015
10/2015
11/2015
11/2015
11/2015
11/2015
11/2015
11/2015
12/2015
12/2015
12/2015

172016

172016

172016

2/2016

2/2016

3/2016

3/2016

3/2016

4/2016

4/2016

5/2016

5/2016

Smith et al.
Al-Ali et al.
Wojtczuk et al.
Stippick et al.
Al-Ali et al.
Al-Ali et al.
Kiani et al.
Al-Ali et al.
Diab et al.
Weber et al.
Al-Ali
Lamego et al.
Al-Ali

Al-Ali et al.
Al-Ali et al.
Al-Ali et al.
Al-Ali et al.
Al-Ali et al.
Diab et al.
Diab et al.
Diab

Lamego
Al-Ali

Al-Ali et al.
Kiani et al.
Kiani

Telfort et al.
Al-Ali et al.
Reichgott et al.
Kiani

Al-Ali et al.
Al-Ali et al.
Schurman et al.
Weber et al.
Welch et al.
Telfort et al.
Telfort et al.
Al-Ali et al.
Al-Ali

Al-Ali
Lamego

Diab et al.
Al-Ali et al.
Al-Ali
Telfort et al.
Coverston et al.
Al-Ali et al.
Weber et al.
Mubhsin et al.
Kiani et al.
Kiani et al.
Al-Ali et al.
Al-Ali et al.
Lamego et al.
Al-Ali et al.
Bruinsma et al.
Al-Ali

Al-Ali
Telfort et al.
Al-Ali et al.
Kiani

Al-Ali

Kiani et al.
Kiani

Al-Ali et al.
Vo et al.
Abdul-Hafiz et al.
Barker et al.
Poeze et al.
Diab et al.
Kiani et al.
Al-Ali et al.
Kiani

Kiani

Kiani

9,339,220
9,341,565
9,351,673
9,351,675
9,364,181
9,368,671
9,370,325
9,370,326
9,370,335
9,375,185
9,386,953
9,386,961
9,392,945
9,397,448
9,408,542
9,436,645
9,445,759
9,466,919
9,474,474
9,480,422
9,480,435
9,492,110
9,510,779
9,517,024
9,532,722
9,538,949
9,538,980
9,549,696
9,554,737
9,560,996
9,560,098
9,566,019
9,579,039
9,591,975
9,622,692
9,622,693
D788,312
9,636,055
9,636,056
9,649,054
9,662,052
9,668,679
9,668,680
9,668,703
9,675,286
9,687,160
9,693,719
9,693,737
9,697,928
9,717,425
9,717,458
9,724,016
9,724,024
9,724,025

2003/0225323

2007/0282478
2009/0247924
2009/0247984
2009/0275813
2009/0275844
2009/0299157 :
2010/0004518
2010/0030040
2010/0069725
2010/0261979
2010/0317936
2011/0001605
2011/0082711 :
2011/0105854
2011/0125060
2011/0172967 :
2011/0190600

2011/0208015
2011/0209915
2011/0213212 :
2011/0230733
2011/0237911 ¢

Al*

5/2016
5/2016
5/2016
5/2016
6/2016
6/2016
6/2016
6/2016
6/2016
6/2016
7/2016
7/2016
7/2016
7/2016
82016
9/2016
9/2016
10/2016
10/2016
11/2016
11/2016
11/2016
12/2016
12/2016
1/2017
1/2017
1/2017
1/2017
1/2017
2/2017
2/2017
2/2017
2/2017
3/2017
4/2017
4/2017
5/2017
5/2017
5/2017
5/2017
5/2017
6/2017
6/2017
6/2017
6/2017
6/2017
7/2017
7/2017
72017
82017
8/2017
8/2017
8/2017
8/2017
12/2003

12/2007
10/2009
10/2009
11/2009
11/2009
12/2009
1/2010
2/2010
3/2010
10/2010
12/2010
172011
4/2011
5/2011
5/2011
7/2011
8/2011

8/2011
9/2011
9/2011
9/2011
9/2011

Lamego et al.
Lamego et al.
Diab et al.
Al-Ali et al.
Kiani et al.
Wojtczuk et al.
Al-Ali et al.
McHale et al.
Al-ali et al.
Ali et al.
Al-Ali

Al-Ali et al.
Al-Ali et al.
Al-Ali et al.
Kinast et al.
Al-Ali et al.
Lamego et al.
Kiani et al.
Lamego et al.
Al-Ali

Olsen

Al-Ali et al.
Poeze et al.
Kiani et al.
Lamego et al.
Al-Ali et al.
Telfort et al.
Lamego et al.

Schurman et al.

Kiani

Al-Ali et al.
Al-Ali et al.
Jansen et al.
Dalvi et al.
Lamego et al.
Diab

Ai-Ali et al.
Al-Ali et al.
Al-Ali
Lamego et al.
Al-Ali et al.

Schurman et al.

Bruinsma et al.
Al-Ali

Diab

Kiani

Al-Ali et al.
Al-Ali

Al-Ali et al.
Kiani et al.
Lamego et al.
Al-Ali et al.
Al-Ali

Kiani et al.
Kiani

Al-Ali et al.
Lamego et al.
Lamego et al.
Davis

Al-Ali
Telfort et al.
Vo et al.
Poeze et al.
Al-Ali

Kiani

Al-Ali et al.
Kiani et al.
Poeze et al.
Kiani et al.
Telfort et al.
Al-Ali et al.
McKenna

Welch et al.
Telfort et al.
Al-Ali

Al-Ali
Lamego et al.

A61B 5/0478
600/323

A61B 5/01
600/301



US 10,617,335 B2

Page 6
(56) References Cited 2014/0121483 Al 5/2014 Kiani
2014/0125495 Al 52014 Al-Ali
US. PATENT DOCUMENTS 2014/0127137 AL 52014 Bellott et al.
2014/0128696 Al 52014 Al-Ali
2011/0237969 Al 9/2011 Eckerbom et al. 2014/0128699 Al 52014 Al-Ali et al.
2011/0288383 Al 11/2011 Diab 2014/0129702 Al 5/2014 Lamego et al.
2012/0041316 Al 2/2012 Al-Ali et al. 2014/0135588 Al 5/2014 Al-Ali et al.
2012/0046557 Al 2/2012 Kiani 2014/0142399 Al 5/2014 Al-Ali et al.
2012/0059267 Al 3/2012 Lamego et al. 2014/0142401 Al 5/2014 Al-Ali et al.
2012/0116175 Al 5/2012 Al-Ali et al. 2014/0155712 Al 6/2014 Lame_go et al.
2012/0165629 Al 6/2012 Merritt et al. 2014/0163344 Al 62014 Al-Ali
2012/0179006 Al 7/2012 Jansen et al. 2014/0163402 Al 6/2014 Lamego et al.
2012/0209082 Al 8/2012 Al-Ali 2014/0166076 Al 6/2014 Kiani et al.
20120209084 Al 8/2012 Olsen et al. 20140171763 Al 6/2014 Diab
2012/0227739 Al 9/2012 Kiani 2014/0180038 Al 6/2014 Kiani
2012/0253163 Al* 10/2012 Afanasewicz ... A61B 5/0478 2014/0180154 AL 6/2014 Sierra et al.
Q0038 OIS0 AL 2014 Brown ot ol
2012/0265039 Al 10/2012 Kiani / : rown ef al.
201210283524 Al 112012 Kiani et al. 2014/0194709 Al 7/2014 Al-Ali et al.
2012/0286955 Al 11/2012 Welch et al. 20140194711 AL 72014 ALAli
2012/0296178 Al 11/2012 Lamego et al. 20140194766 AL 72014 AL-Ali et al.
2012/0302894 Al 11/2012 Diab et al. 2014/0200420 AL 7/2014 Al-Ali
0120319816 AL 129012 ALALL 201410200422 Al 7/2014 Weber et al.
201200330112 Al 12/2012 Lamego et al. 2014/0206063 Al 7/2014 Al-Ali
20130023775 Al 1/2013 Lamego et al 2014/0213864 Al 7/2014 Abdul-Hafiz et al.
20130041591 Al 2/2013 Lamego 2014/0243627 Al $/2014 Diab et al.
3003/0045685 Al 22013 Kiani 2014/0266790 Al 92014 Al-Ali et al.
50130046204 Al 22013 Lamego et al. 2014/0275808 AL 9/2014 Poeze et al
2013/0060108 Al 3/2013 Schurman et al. 2014/0275835 Al 9/2014 Lamego et al.
2013/0060147 Al 3/2013 Welch et al. 20140275871 AL 972014 Lamego et al.
2013/0079610 Al 3/2013 Al-Ali %8}3//8%23;% ii gggij %’Iemtt °ttal-l
. ® N / / amego et al.
20130079618 AL*  3/2013 Sandmore .......... A61B686%;§ 2014/0275932 Al* 92014 Zadig .o A61B 5/6833
/ 600/391
gggggggggg i} jgg}g g;;f;‘;th et al 2014/0276115 Al 9/2014 Dalvi et al.
2013/0109935 Al /2013 AL-Ali et al. 2014/0288400 AL 9/2014 Diab et al.
2013/0162433 Al 6/2013 Muhsin et al. 2014/0296664 Al  10/2014 Bruinsma et al.
S0L3/0178725 AL 12013 O'Nell et al 2014/0303520 Al 10/2014 Telfort et al.
20130178749 Al 7/2013 Lamego 2014/0309506 Al  10/2014 Lamego et al.
20130190581 Al /2013 ALAILLef al 2014/0309559 Al 10/2014 Telfort et al.
20130197328 Al 8/2013 Dich et ol 2014/0316217 Al 10/2014 Purdon et al.
030011214 Al 89013 Olsen 2014/0316218 Al 10/2014 Purdon et al.
20130267808 Al 102013 ALAli 2014/0323897 Al 10/2014 Brown et al.
20130274571 Al 102013 Dieh et al. 201410323898 Al 102014 Purdon et al.
2013/0274572 Al 10/2013 Al-Alj et al. gg}j{ggggggé i} Hgg}j ﬁﬁ&e&{:ﬁ
‘ 5 5 J ! .
2013/0278802 AL 102013 Attar oo H04N33g2/§§g 2014/0330009 Al 112014 Al-Ali et al.
20130296672 Al 112013 O°Neil et al. 2014/:0336481 Al 112014 Shake_speare et al.
201310296713 Al 112013 Al-Ali et al. 58}‘5‘/,8382288 ‘:} 1%8}‘5‘ gllﬁli‘:[t ;}1'
2013/0317327 Al 11/2013 Al-Ali et al. 0130011907 Al 12015 Puon stal
2013/0317370 Al 11/2013 Dalvi et al. 12000031 Al 13018 pamon & &
2013/0324808 Al 12/2013 Al-Ali et al. 0120005905 Al 1o01s apaner®
2013/0324817 Al 12/2013 Diab 20150032020 Al 12015 ALAl et al
2013/0331660 Al 12/2013 Al-Ali et al. g : -Al :
20130331670 Al 12013 Kinni 2015/0038859 Al 22015 Dalvi et al.
2013/0338461 Al 122013 Lamego et al. %8}2388‘;?22; ‘2} %8}2 8?51;
2014/0012100 AL 1/2014 Al-Alj et al. OIS0051464 AL 220Ls Omk et al
2014/0025306 Al 1/2014 Weber et al. 20150080754 AL 32015 PE 4 ot !
2014/0031650 Al 1/2014 Weber et al. 20150087936 Al 3201 Alf A‘l’in;tj'
2014/0034353 AL 2/2014 Al-Ali et al. 0130004546 AL aols ALan o
2014/0051952 Al 2/2014 Reichgott et al. 50130097901 AL 43013 ALAL ot al
2014/0051953 Al 2/2014 Lamego et al, 201 550099950 Al 472015 AL Al! et al‘
2014/0051954 AL 2/2014 Al-Ali et al. 20150009951 Al 42015 AL Aﬁ Zt 21'
2014/0058230 Al 2/2014 Abdul-Hafiz et al. 0150099955 AL 45013 ALAL at oL
2014/0058233 Al 2/2014 Koyama et al. ) ! -All et al.
0140066783 AL 39014 Kinni ot al 2015/0101844 AL 42015 Al-Al et al.
201400073167 Al 3/2014 Al-Ali et al 20150106121 AL 42015 Muhsin et al.
20140007795 Al 3/2014 Sampath et al. 201500112151 Al 4/2015 Mubhsin et al.
201410081097 Al 3/2014 ALAL et al 2015/0116076 Al 4/2015 Al-Ali et al.
2014/0081100 Al 3/2014 Muhsin ef al. 2015/0126830 AL 5/2015 Schurman et al.
20140081175 Al 3/2014 Telfort 2015/0133755 AL 5/2015 Smith et al.
2014/0094667 Al 4/2014 Schurman et al. 2015/0141781 Al 52015 Weber et al.
2014/0100434 Al 4/2014 Diab et al. 2015/0165312 AL 6/2015 Kiani
2014/0114199 Al 4/2014 Lamego et al. 20150196237 Al 7/2015 Lamego
2014/0120564 Al 5/2014 Workman et al. 2015/0201874 Al 7/2015 Diab
2014/0121482 AL 5/2014 Merritt et al. 2015/0208966 Al 72015 Al-Ali



US 10,617,335 B2

Page 7
(56) References Cited 2016/0314260 Al 10/2016 Kiani
2016/0324486 Al  11/2016 Al-Ali et al.
U.S. PATENT DOCUMENTS 2016/0324488 Al 11/2016 Olsen
2016/0327984 Al 11/2016 Al-Ali et al.
2015/0216459 Al 8/2015 Al-Ali et al. 2016/0328528 Al 112016 Al-Alj et al.
20150230755 Al 82015 Al-Ali et al. 2016/0331332 Al 11/2016  Al-Ali
2015/0238722 Al 8/2015 Al-All 2016/0367173 Al 12/2016 Dalvi et al.
2015/0245773 Al 9/2015 Lamego et al. 2017/0007134 Al 1/2017 Al-Al! et al.
2015/0245794 Al 9/2015 Al-Alf 2017/0007190 Al 172017 Al-Ali et al.
2015/0257689 Al 9/2015 Al-Ali et al. 2017/0007198 Al 1/2017 AI-AI! et al.
2015/0272514 Al 10/2015 Kiani et al. 2017/0014084 Al 1/2017 Al-Al! et al.
2015/0351697 Al 12/2015 Weber et al. 2017/0021099 Al 1/2017 A!-Ah et al.
2015/0351704 Al 12/2015 Kiani et al. 2017/0027456 Al 2/2017 Kinast et al.
20150359429 Al 12/2015 Al-Alj et al. 2017/0042488 Al 2/2017 Muhsin
2015/0366472 Al 12/2015 Kiani 2017/0055847 Al 3/2017 Kiani et al.
2015/0366507 Al 122015 Blank 2017/0055851 AL 322017 Al-Ali
2015/0374298 Al 12/2015 Al-Ali et al. 2017/0055882 Al 3/2017 Al-Al% et al.
2015/0380875 Al 12/2015 Coverston et al. 2017/0055887 Al 3/2017 Al-Ali
2016/0000362 Al 1/2016 Diab et al. 2017/0055896 Al 3/2017 Al-Ali et al.
2016/0007930 Al 1/2016 Weber et al. 2017/0079594 Al 3/2017 Telfort et al.
2016/0029932 Al 2/2016 Al-Ali 2017/0086723 Al 3/2017 Al-Ali et al.
2016/0029933 Al 2/2016 Al-Ali et al. 2017/0143281 Al 52017 Olsen
2016/0045118 Al 2/2016 Kiani 2017/0147774 Al 5/2017 Kiani
2016/0051205 Al 212016 Al-Ali et al. 2017/0156620 Al 6/2017 Al-Al! et al.
2016/0058338 Al 3/2016 Schurman et al. 2017/0173632 Al 62017 Al-Ali
2016/0058347 Al 3/2016 Reichgott et al. 2017/0187146 Al 6/2017 Kiani _et al.
2016/0066824 Al 3/2016 Al-Ali et al. 2017/0196464 Al 7/2017 Jansen et al.
2016/0066879 Al 3/2016 Telfort et al. 2017/0196470 Al 72017 Lame_go et al.
2016/0081552 Al 3/2016 Wojtczuk et al. 2017/0224216 Al 82017 Al-Ali
2016/0005543 Al 4/2016 Telfort et al. 2017/0224231 Al 8/2017 Al-Ali
2016/0095548 Al 4/2016 AL-Ali et al. 2017/0224233 Al 8/2017 Al-Ali
2016/0103598 Al 4/2016 Al-Ali et al. 2017/0224262 Al 82017 Al-Ali
2016/0113527 Al 4/2016 Al-Ali et al.
2016/0143548 Al 5/2016 Al-Ali FOREIGN PATENT DOCUMENTS
2016/0166182 Al 6/2016 Al-Ali et al.
2016/0166183 Al 6/2016 Pocze et al. P H09-501074 A 2/1997
2016/0166188 Al 6/2016 Bruinsma et al. P 2010-155159 A 7/2010
2016/0166210 Al 6/2016 Al-Ali Ip 2011-519591 A 7/2011
2016/0192869 Al 7/2016 Kiani et al. WO WO 2000059374 10/2000
2016/0196388 Al 7/2016 Lamego WO WO 2003031961 4/2003
2016/0197436 Al 7/2016 Barker et al. WO WO 2012/109661 A2 8/2012
2016/0213281 Al 7/2016 Eckerbom et al.
2016/0228043 Al 8/2016 O’Neil et al.
2016/0233632 Al /2016 Scruggs et al. OTHER PUBLICATIONS

2016/0234944

Al 8/2016 Schmidt et al.

International Search Report and Written Opinion received in Inter-
national Application No. PCT/US2014/059366 dated Apr. 20, 2015.
Office Action received in Japanese Application No. 2016-520617
dated Sep. 3, 2018, in pages.

2016/0270735 Al 9/2016 Diab et al.
2016/0283665 Al 9/2016 Sampath et al.
2016/0287090 Al  10/2016 Al-Ali et al.
2016/0287786 Al 10/2016 Kiani
2016/0296169 A1 10/2016 McHale et al.

2016/0310052 Al 10/2016 Al-Ali et al. * cited by examiner



U.S. Patent Apr.14,2020  Sheet 1 of 13 US 10,617,335 B2

249
240

[on]
&
e 2
[}
3 \ N
- \\ {\-
N
N o o < o) N
™ | © N~ o) e L’

100
/"
7

106 —

105
107

200

FIG. 1



US 10,617,335 B2

Sheet 2 of 13

Apr. 14,2020

U.S. Patent




U.S. Patent Apr.14,2020  Sheet 3 of 13 US 10,617,335 B2

~ 343

Ny &
AN
S,
S
G 5
S

[ 301
FIG. 34




U.S. Patent Apr.14,2020  Sheet 4 of 13 US 10,617,335 B2

(@ﬁ*?

- 320

k-

e




US 10,617,335 B2

Sheet 5 of 13

Apr. 14,2020

U.S. Patent

D¢ HIb

rE NOLLL

L2
L
&

IS DD

.\.V\X..ff.(

L Yes e
Nww 4 »VM\,\ .
oy
N\\, J "~
i
»uu#cﬂ;?\d ,\..«\\1\\(7

(04 )\W

LS DD

oog_ A

HS DD

ARl

as HIb

T HID

W WU LOEE




US 10,617,335 B2

Sheet 6 of 13

Apr. 14,2020

U.S. Patent

008 A

D9 HID 249 Db

g8 NOLLOES

@9 HIb

79 HID

¥ MOILOZE

gy ph =l
S g v\\ﬁ\
L




US 10,617,335 B2

Sheet 7 of 13

Apr. 14,2020

U.S. Patent

004 -



US 10,617,335 B2

Sheet 8 of 13

Apr. 14,2020

U.S. Patent

14317
NIanoaav

0.8

018
S l4T1avaHTNoL BT

08 \\

€9 1HO/ Av3H3dOo4

S T avo T LHON 4T¥D

LHOI 47T¥0 ¥3ddn

1437 WHV3HO04

018 [ )

= 1J31QVIHIN0S €T LHON QVHINOA
S~ 108



28 OID

@in (A £L8 w58 g 758

US 10,617,335 B2

1 LR P A - & UGS
3, %

.‘.!..f. i, aff. %
SR M ~ CCEi

,,.r mmﬁw.w SR E SE RN R NOE . LS8

S Zyden m mm Yoy

TR
+ 5 - § ELOETD 151510 3 B0 {E1SYL0

Rianac CTVOVRR

Sheet 9 of 13
e
o
20

R

wf{:wf mu,m

LR RO C 0SS )

Apr. 14,2020

LT ERICE LHOSIS §5

e J g ot Emﬁw
Ansuxey puoiBay 50| g

e S
&:fw

008 w

U.S. Patent



US 10,617,335 B2

Sheet 10 of 13

Apr. 14,2020

U.S. Patent

- 00C



U.S. Patent Apr.14,2020  Sheet 11 of 13 US 10,617,335 B2

( 1000




U.S. Patent

1000 -
N
¥

Apr. 14,2020

Sheet 12 of 13

o
—
o
—

1012

FIG. 118

US 10,617,335 B2

FIG. 114



US 10,617,335 B2

Sheet 13 of 13

Apr. 14,2020

U.S. Patent

DT DID

[AAN

(w




US 10,617,335 B2

1
REGIONAL OXIMETRY SENSOR

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

Any and all applications for which a foreign or domestic
priority claim is identified in the Application Data Sheet as
filed with the present application are hereby incorporated by
reference under 37 CFR 1.57. The present application is a
continuation of U.S. patent application Ser. No. 14/507,620,
filed Oct. 6, 2014, titled Regional Oximetry Sensor, which
claims priority benefit under 35 U.S.C. § 119(e) to U.S.
Provisional Patent Application Ser. No. 62/012,170, filed
Jun. 13, 2014, titled Peel-Off Resistant Regional Oximetry
Sensor; U.S. Provisional Patent Application Ser. No. 61/887,
878 filed Oct. 7, 2013, titled Regional Oximetry Pod; U.S.
Provisional Patent Application Ser. No. 61/887,856 filed
Oct. 7, 2013, titled Regional Oximetry Sensor; and U.S.
Provisional Patent Application Ser. No. 61/887,883 filed
Oct. 7, 2013, titled Regional Oximetry User Interface; all of
the above-referenced provisional patent applications are
hereby incorporated in their entireties by reference herein.

FIELD

The present disclosure relates to the field of optical based
physiological sensors.

BACKGROUND

Regional oximetry, also referred to as tissue oximetry and
cerebral oximetry, enables the continuous assessment of the
oxygenation of tissue. The measurement is taken by placing
one or more sensors on a patient, frequently on the patient’s
left and right forehead. Regional oximetry estimates
regional tissue oxygenation by transcutaneous measurement
of areas that are vulnerable to changes in oxygen supply and
demand. Regional oximetry exploits the ability of light to
penetrate tissue and determine hemoglobin oxygenation
according to the amount of light absorbed by hemoglobin.

Regional oximetry differs from pulse oximetry in that
tissue sampling represents primarily (70-75%) venous, and
less (20-25%) arterial blood. The technique uses two photo-
detectors with each light source, thereby allowing selective
sampling of tissue beyond a specified depth beneath the skin.
Near-field photo-detection is subtracted from far-field
photo-detection to provide selective tissue oxygenation
measurement beyond a pre-defined depth. Moreover,
regional oximetry monitoring does not depend upon pulsa-
tile flow.

Regional oximetry is a useful patient monitoring tech-
nique to alert clinicians to dangerous clinical conditions.
Changes in regional oximetry have been shown to occur in
the absence of changes in arterial saturation or systemic
hemodynamic parameters.

SUMMARY

The present disclosure provides a regional oximetry sen-
sor. The regional oximetry sensor includes, for example, a
face tape layer and a base tape layer adhesively attachable to
a patient skin surface. The regional oximetry sensor also
includes at least one emitter configured to transmit optical
radiation into the patient skin surface, a near-field detector
configured to detect the optical radiation after attenuation by
tissue of the patient and a far field detector also configured
to detect the optical radiation after attenuation by tissue of
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the patient. In an embodiment, the regional oximetry sensor
also includes one or more focus elements associated with
one or more of the emitter, the near-field detector and the far
field detector. In an embodiment any or all of the emitter,
near-field detector and far field detector can be provided
with a focus element. The focus element improves optical
transmissions by gently pushing into the skin and providing
improved optical coupling with the skin.

The focus element can include a half-dome shape or any
three dimensional shape that gently pushes into the skin to
improve optical coupling. The focus element can also have
a rectangular planar base in order to provide a support
structure for cooperating with the face tape layer and/or
other portions of the regional oximetry sensor. In an embodi-
ment, the focus element associated with the near-field detec-
tor is smaller than the focus element associated with the far
field detector. For example, the near field detector includes
a square shape whereas the far field detector includes a
larger rectangular shape.

In an embodiment of the regional oximetry sensor, the
regional oximetry sensor can have a face tape layer and a
base tape layer adhesively attachable to a patient skin
surface as discussed above. The sensor can also have at least
one emitter configured to transmit optical radiation into the
patient skin surface, a near-field detector configured to
detect the optical radiation after attenuation by tissue of the
patient, and a far field detector also configured to detect the
optical radiation after attenuation by tissue of the patient. In
some embodiments, the face tape layer and the base tape
layer include a plurality of notches forming a plurality of
cutouts. The plurality of cutouts can be formed in a portion
of a periphery or across the entire periphery of the base and
face tape layers, for example. The cutouts are mechanically
decoupled from each other. Due to the mechanical decou-
pling, the cutouts allow for greater ease of patient movement
of the measurement site. This reduces patient discomfort
while wearing the regional sensor.

In an embodiment, a peel-off resistant regional oximetry
sensor is disclosed. The peel-off resistant regional oximetry
sensor includes a head attachable to a patient skin surface
and configured to transmit optical radiation into the skin and
receive that optical radiation after attenuation by blood flow
within the skin and a stem extending from the sensor head
and configured to transmit electrical signals between the
sensor head and an attached cable. The stem is terminated
interior to the sensor head and away from an edge of the
sensor head so as to define feet along either side of the stem
distal the stem termination.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings and following associated descriptions are
provided to illustrate embodiments of the present disclosure
and do not limit the scope of the claims. Corresponding
numerals indicate corresponding parts, and the leading digit
of each numbered item indicates the first figure in which an
item is found.

FIG. 1 is a depiction of a patient monitoring system
including regional oximetry sensors and a processing and
display unit.

FIGS. 2A-C are top and bottom perspective views and a
connector-end view, respectively, of a regional oximetry
sensor;

FIGS. 3A-C are top exploded, bottom partially-exploded
and bottom assembled perspective views, respectively, of
regional oximetry sensor head, stem and shell assemblies;
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FIG. 4 is a bottom plan view a sensor cable and sensor flex
circuit interconnection;

FIGS. 5A-H are a top plan view, top and bottom perspec-
tive views, first side and first side cross-sectional views,
second side and second side cross-sectional views and a
bottom view, respectively, of a near-field detector lens;

FIGS. 6A-H are a top plan view, top and bottom perspec-
tive views, first side and first side cross-sectional views,
second side and second side cross-sectional views and a
bottom view, respectively, of a far-field detector lens;

FIG. 7 is a cross-sectional view of a regional oximetry
sensor attached to a tissue site and corresponding near-field
and far-field emitter-to-detector optical paths;

FIGS. 8A-B are a regional oximetry monitor display of
sensor placement options for an adult and a child, respec-
tively; and

FIG. 8C is an exemplar regional oximetry monitor display
using two regional sensors.

FIGS. 9A-B are top perspective views of a regional
oximetry sensor being inadvertently peeled from a skin-
surface monitoring-site due to a pulling force applied to the
sensor stem and interconnecting sensor cable;

FIG. 10 is a top perspective view of a peel-off resistant
regional oximetry sensor;

FIGS. 11A-B are top perspective views of a peel-off
resistant regional oximetry sensor adhering to a skin-surface
monitoring site despite a pulling force applied to the sensor
stem and interconnecting sensor cable; and

FIGS. 12A, 12B, 13A and 13B are side-by-side, top
perspective views of a regional oximetry sensor and a
peel-off resistant regional oximetry sensor subjected to like
pulling forces and the corresponding impact of anti-peel feet
extending from the cable-side of the peel-off resistant
regional oximetry sensor.

DETAILED DESCRIPTION

Aspects of the disclosure will now be set forth in detail
with respect to the figures and various embodiments. One of
skill in the art will appreciate, however, that other embodi-
ments and configurations of the devices and methods dis-
closed herein will still fall within the scope of this disclosure
even if not described in the same detail as some other
embodiments. Aspects of various embodiments discussed do
not limit the scope of the disclosure herein, which is instead
defined by the claims following this description.

FIG. 1 is a physiological monitoring system 100 config-
ured to measure and display regional oximetry measure-
ments. The physiological monitoring system 100 includes at
least a display 103 and a processor (not shown) for process-
ing and displaying physiological measurements. The physi-
ological monitoring system 100 also includes at least one
sensor 200 for detecting physiological information and
providing that physiological information to the processor of
the physiological monitoring system 100. In the embodi-
ment of FIG. 1, the physiological monitoring system
includes a removable hand held physiological monitor 105.
The physiological monitoring system 100 of FIG. 1 also
includes a sensor cable system 106 that includes wiring 107
and a sensor connector 109. Sensor connector 109 includes
ports for two or more sensors. The sensors are described in
more detail with respect to FIGS. 2A-2C.

FIGS. 2A-C illustrate a regional oximetry sensor 200
embodiment having a sensor head 210, stem 220, shell 230,
cable 240 and connector 250. The sensor head 210 houses an
emitter 282, a near-field detector 284 and a far-field detector
288 within a layered tape having a top side 211 and an
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adhesive bottom side 212 disposed on a release liner 260.
The release liner 260 is removed so as to adhere the bottom
side 212 to a skin surface. The sensor head 210 also includes
notches or channels 291 that form cutouts 293. The cutouts
293 are independently flexible from other neighboring cut-
outs. Because of the various placement locations of the
sensors on the human body and the movement forces placed
on regional oximetry sensors, the cutouts 293 allow the
sensor head 210 to be relatively large to increase the
measurement area and adhesive surface area without greatly
inhibiting patient movement. Thus, for example, when a
patient moves their forehead with a sensor 200 adhesively
attached, the sensor allows for some movement of the
underlying skin so that the patient is more comfortable, yet
provide a large enough surface area to provide good mea-
surement and adhesive qualities.

The regional oximetry sensor 200 is substantially flat,
allowing the sensor to adhere to the patient without signifi-
cant bulges. The stem 220 extends out radially outward from
the sensor head 210. The stem is positioned to extend from
a radial edge in order to provide a clean exit from the body
for wiring and cables. The radial placement also provides for
streamlined sensor construction and prevents unnecessary
bending or wrapping of internal or external wires.

The emitter 282 and detectors 284, 288 have a lens that
protrudes from the bottom side 212, advantageously provid-
ing a robust optics-skin interface. The top side 211 has
emitter/detector indicators 272-278 so as to aid precise
sensor placement on a patient site. The shell 230 houses the
stem 220 to cable 240 interconnect, described in detail with
respect to FIGS. 3A-C, below. The connector 250 is a
12-pin, D-shaped plug.

FIGS. 3A-C illustrate an assembly of a regional oximetry
sensor portion including a head assembly (FIG. 3A) and a
sensor cable to flex circuit interconnect (FIGS. 3B-C). As
shown in FIG. 3A, a sensor head assembly 301 has a face
tape 310, a flex circuit 320, a sensor cable 330, a stem tape
340, a base tape 350, a shell top 360 and a shell base 370.
The face tape 310 and base tape 350 encase the flex circuit
320 and corresponding emitter and detectors. The shell top
and base 360, 370 encase the sensor cable 330 to flex circuit
320 interconnect, described in further detail with respect to
FIGS. 4A-B, below. The stem tape 340 encases the flex
circuit 320 below the base tape 350.

FIG. 4 illustrates sensor flex circuit 320 to sensor cable
330 interconnection. The flex circuit 320 is positioned on
mounting pins in the top shell 360 (FIG. 3B). As shown in
FIG. 4, cable 330 wires are soldered to flex circuit pads 410,
420. Cable 330 Kevlar bundles are wrapped around a shell
post 430 for strain relief and secured with adhesive. A
detector shield flap 440 is folded over detector wires sol-
dered to the detector pads 410 and secured with Kapton tape.
The base shell 370 (FIG. 3B) is then glued in place over the
top shell 360 (FIG. 3B). In the embodiment of FIG. 4, the
connections to the flex circuit 320 include four emitter anode
conductors controlling four different wavelength emitters, a
common emitter cathode conductor and an emitter shield,
two near-field detector conductors, two far-field detector
conductors and a detector shield. In an embodiment, the
emitter and detector connections are physically separated
between different circuit pads, for example, pads 410 and
420. This reduces and/or prevents cross talk and noise
between the emitter lines and the detector lines. Of course a
person of skill in the art will understand from the present
disclosures that different numbers and types of connectors
can be used with the presently described connection system.
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FIGS. 5A-H illustrate an emitter lens and a near-field
detector lens 500 having a generally half-dome focus ele-
ment 501 and a generally rectangular, planar base 502. As
described above, the lens base 502 is disposed over the
flex-circuit-mounted emitter and near-field detector in order
to focus emitted and detected light. Also as described above,
the lens focus element 501 is configured to gently press into
a tissue site when applied to the patient in order to maximize
optical transmission via the skin surface. The focus elements
can also use different three dimensional shapes as well in
order to improve optical coupling with the skin and the
present disclosure is not limited to the specific embodiments
disclosed herein. For example, the lens can be spherical,
cubed, rectangular, square, circular oblong or any other
shape to increase optical transmission with the skin.

FIGS. 6A-H illustrate a far-field detector lens 600 having
a generally oblong, half-dome focus element 601 and a
generally oblong, planar base 602. As described above, the
lens base 602 is disposed over the flex-circuit-mounted
far-field detector so as focus detector received light. Also as
described above, the lens focus element 601 gently presses
into a tissue site in order to maximize optical transmission
via the skin surface. Also, as described above with respect to
FIG. 5, the present disclosure is not limited to the specific
dimensions and shape described herein which are provided
for illustrative purposes. Rather, as discussed above, the
present disclosure extends to other shapes and sizes of a
focus element that will improve optical coupling. Moreover,
the focus element 601 can comprise two or more different
focus elements instead of a single larger focus element.

FIG. 7 illustrates a regional oximetry sensor 700 attached
to a tissue site 70 so as to generate near-field 760 and
far-field 770 emitter-to-detector optical paths through the
tissue site 70. The resulting detector signals are processed so
as to calculate and display oxygen saturation (SpQ,), delta
oxygen saturation (ASpQO,) and regional oxygen saturation
(rSO,), as shown in FIG. 8C, below. The regional oximetry
sensor 700 has a flex circuit layer 710, a tape layer 720, an
emitter 730, a near-field detector 740 and a far-field detector
750. The emitter 730 and detectors 740, 750 are mechani-
cally and electrically connected to the flex circuit 710. The
tape layer 720 is disposed over and adheres to the flex circuit
710. Further, the tape layer 720 attaches the sensor 700 to the
skin 70 surface.

As shown in FIG. 7, the emitter 730 has a substrate 732
mechanically and electrically connected to the flex circuit
710 and a lens 734 that extends from the tape layer 720.
Similarly, each detector 740, 750 has a substrate 742, 752
and each has a lens 744, 754 that extends from the tape layer.
In this manner, the lenses 734, 744, 754 press against the
skin 70, advantageously increasing the optical transmission
and reception of the emitter 730 and detectors 740, 750
through improved optical coupling. The lenses press into the
skin and provide a more direct angle of light propagation
through the skin between the emitter and detectors.

FIGS. 8A-B illustrate regional oximetry monitor embodi-
ments for designating adult and child sensor placement sites.
As shown in FIG. 8A, an adult form 801 is generated on a
user interface display. Between one and four sensor sites can
be designated on the adult form 801, including left and right
forehead 810, forearm 820, chest 830, upper leg 840, upper
calf 850 and calf 860 sites. Accordingly, between one and
four sensors 200 (FIGS. 2A-C) can be located on these sites.
A monitor in communication with these sensors then dis-
plays between one and four corresponding regional oximetry
graphs and readouts, as described with respect to FIG. 8C,
below. As illustrated in FIGS. 8A-8C, the sensor can be
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positioned on a patient so that the sensor stem 220 and
attached cabling can extend radially out from the body on
the various regional oximetry sensor sites. This configura-
tion reduces patient discomfort by preventing wiring from
crossing or crisscrossing over a patient face, torso or lower
body. This configuration also reduces the potential for
entanglement of wires from the multiple sensors and asso-
ciated cabling.

As shown in FIG. 8B, a child form 802 is generated on a
user interface display. Between one and four sensor sites can
be designated on the child form 802, including left and right
forchead 810, left and right renal 870, and left and right
abdomen 880 sites. Any number of regional oximetry sen-
sors can be deployed on a patient at the same time, but
generally, between one and four sensors 200 (FIGS. 2A-C)
are located on these sites at a given time. A monitor in
communication with these sensors then displays between a
corresponding regional oximetry graphs and readouts for
each sensor, as described with respect to FIG. 8C, below.
The displays of FIGS. 8A and 8B can also be selectively
shown such that, for example, only an upper torso portion of
the graphic is shown to prevent confusion by a care provider.

FIG. 8C illustrates a regional oximetry display 800
embodiment for monitoring parameters derived from
between one and four regional oximetry sensors 200 (FIGS.
2A-C). This particular example is a two sensor display for
monitoring, for example, a forehead left 811 site and a
forehead right 831 site. In an upper display portion, the
forehead left 812 site displays, for example, an SpO, graph
812, an SO, graph 814 and an rSO, readout 816. Similarly,
the forehead right 831 site displays, for example, an SpO,
graph 832, an rSO, graph 834 and an rSO, readout 836.

Also shown in FIG. 8C, in a lower display portion, the
forehead left 851 site displays, for example, an SpO, readout
852, a ASO, readout 854 and a A, __ readout 856. Similarly,
the forehead right 830 site displays, for example, an SpO,
readout 872, a ASO, readout 874 and a A, ., readout 876.

FIGS. 9A-B illustrate a problem that arises with a regional
oximetry sensor 200 during use. The connector 250 is
fixedly connected to a physiological monitor (not shown)
that provides a read-out of parameters derived from the
sensor 200. Patient movement away from the monitor may
occur in a manner that pulls on the cable (not shown) and
bends the attached stem 220 up and/or over the sensor head
210 (FI1G. 9A). Continued patient movement away from the
monitor may cause a portion of the sensor head 901 to peel
off of the patient’s skin (FIG. 2B), disrupting accurate
parameter measurements. Indeed, continued patient move-
ment may completely dislodge the sensor head 210 from the
patient.

A peel-off resistant regional oximetry sensor has a sensor
head attachable to a patient skin surface so as to transmit
optical radiation into the skin and receive that optical
radiation after attenuation by blood flow within the skin. A
stem extending from the sensor head transmits electrical
signals between the sensor head and an attached cable. The
stem is terminated interior to the sensor head and away from
a sensor head edge so as to define feet along either side of
the stem distal the stem termination. The stem interior
termination substantially transforming a peel load on a
sensor head adhesive to less challenging tension and shear
loads on the sensor head adhesive.

FIG. 10 illustrates an advantageous peel-off resistant
regional oximetry sensor 1000 embodiment having a sensor
head 1010, stem 1020, shell 230, cable 240 and connector
250. The sensor head 1010 houses an emitter, a near-field
detector and a far-field detector within a layered tape having
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a top side and an adhesive bottom side disposed on a release
liner, similar to that described with respect to FIGS. 2A-B,
above. The peel-off resistant regional oximetry sensor 1000
has peel-resistant feet 1012 proximately disposed on either
side of the stem. The feet are defined by stem slots 1014
separating the feet from the stem. This configuration advan-
tageously moves the stem 1020 base from the edge of the
sensor head (e.g. 210 FIG. 2A) to the interior of the sensor
head 1010. As a result, potential peel loads on the sensor
head adhesive resulting from the stem 1020 being pulled
over the sensor head are substantially reduced, as described
with respect to FIGS. 12A-13B, below.

FIGS. 11A-B illustrate a peel-off resistant regional oxi-
metry sensor 1000 adhering to a skin-surface monitoring site
despite a pulling force applied to the sensor stem 1020 and
interconnecting sensor cable. Patient movement relative to
connected monitor tends to cause the stem 1020 to peel up
the sensor head (see FIG. 2B, above). The sensor head feet
1012, however, advantageously extend away from the point
where the stem 1020 begins applying a load to the sensor
head adhesive, thus counteracting the peel away force.
Further the resulting adhesive loads are different in kind and
magnitude than the adhesive loads on the sensor head shown
and described with respect to FIG. 2, above. Comparative
adhesive loads are described in detail with respect to FIGS.
12A-13B, below.

FIGS. 12A-13B illustrate comparative adhesive loads
applied to a regional oximetry sensor 200 and a peel-off
resistant regional oximetry sensor 1000 resulting from cable
forces applied to the sensor head stems 220 (FIGS. 12A-B),
1020 (FIGS. 13A-B). As shown in FIGS. 12A-B, the stem
220 applies a substantial peel load 1221 to the sensor head
210 adhesive resulting in loads 1222, and the peel load 1221
is distributed over a relatively small area 1223 of the sensor
head 210. It is well-known that a peel load 1221 is a
substantial challenge to any adhesive, and the milder adhe-
sives used on skin cannot easily overcome this challenge. As
such, it is relatively easy for the sensor head 210 to become
dislodged or completely detached from the patient.

As shown in FIGS. 13A-B, the stem 1020 of sensor 1000
applies load 1321 to the sensor head 1010 adhesive, result-
ing in loads 1322, 1323, 1324, which are different than those
described with respect to FIGS. 12A-B. In particular, there
is a marginal peel load on the adhesive as the result of the
adhesive feet 1012 positioned opposite the connection point
of the stem 1020 to the sensor head 1010. The sheer load
1324 due to the stem force 1321 is much less challenging to
the adhesive feet 1012 compared to a peel load, such as peel
load 1222. Likewise, the tension load 1323, 1322 due to the
stem force 1321 is less challenging to the adhesive feet
1012, compared to a peel load, and that tension load is
distributed on both sides of the stem-to-head connection
point. That is, the cumulative effect of positioning the stem
1020 somewhat to the interior of the sensor head 1010 and
behind the feet 1021 is a greatly diminished adhesive peel
load and much less challenging shear and tension loads
distributed over a larger adhesive footprint. The advanta-
geous result is a sensor head-to-cable stem interface that is
much less likely to dislodge the sensor head from the patient
when forces are applied to the sensor cable. Further, more
skin-friendly adhesives can be utilized for sensor head
attachment as a result of lowered adhesive loads.

A peel-off resistant regional oximetry sensor has been
disclosed in detail in connection with various embodiments.
These embodiments are disclosed by way of examples only
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and are not to limit the scope of this disclosure or the claims
that follow. One of ordinary skill in art will appreciate many
variations and modifications.

Terminology

Embodiments have been described in connection with the
accompanying drawings. However, it should be understood
that the figures are not drawn to scale. Distances, angles, etc.
are merely illustrative and do not necessarily bear an exact
relationship to actual dimensions and layout of the devices
illustrated. In addition, the foregoing embodiments have
been described at a level of detail to allow one of ordinary
skill in the art to make and use the devices, systems, etc.
described herein. A wide variety of variation is possible.
Components, elements, and/or steps can be altered, added,
removed, or rearranged. While certain embodiments have
been explicitly described, other embodiments will become
apparent to those of ordinary skill in the art based on this
disclosure.

Conditional language used herein, such as, among others,
can,” “could,” “might,” “may,” “e.g.,” and the like, unless
specifically stated otherwise, or otherwise understood within
the context as used, is generally intended to convey that
certain embodiments include, while other embodiments do
not include, certain features, elements and/or states. Thus,
such conditional language is not generally intended to imply
that features, elements and/or states are in any way required
for one or more embodiments or that one or more embodi-
ments necessarily include logic for deciding, with or without
author input or prompting, whether these features, elements
and/or states are included or are to be performed in any
particular embodiment.

Depending on the embodiment, certain acts, events, or
functions of any of the methods described herein can be
performed in a different sequence, can be added, merged, or
left out altogether (e.g., not all described acts or events are
necessary for the practice of the method). Moreover, in
certain embodiments, acts or events can be performed con-
currently, e.g., through multi-threaded processing, interrupt
processing, or multiple processors or processor cores, rather
than sequentially.

The various illustrative logical blocks, engines, modules,
circuits, and algorithm steps described in connection with
the embodiments disclosed herein can be implemented as
electronic hardware, computer software, or combinations of
both. To clearly illustrate this interchangeability of hardware
and software, various illustrative components, blocks, mod-
ules, circuits, and steps have been described above generally
in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the
particular application and design constraints imposed on the
overall system. The described functionality can be imple-
mented in varying ways for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the disclosure.

The various illustrative logical blocks, modules, and
circuits described in connection with the embodiments dis-
closed herein can be implemented or performed with a
general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programmable
logic device, discrete gate or transistor logic, discrete hard-
ware compouents, or any combination thereof designed to
perform the functions described herein. A general purpose
processor can be a microprocessor, but in the alternative, the
processor can be any conventional processor, controller,
microcontroller, or state machine. A processor can also be
implemented as a combination of computing devices, e.g., a
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combination of a DSP and a microprocessor, a plurality of
MiCroprocessors, one or more Microprocessors in conjunc-
tion with a DSP core, or any other such configuration.

The blocks of the methods and algorithms described in
connection with the embodiments disclosed herein can be
embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. A
software module can reside in RAM memory, flash memory,
ROM memory, EPROM memory, EEPROM memory, reg-
isters, a hard disk, a removable disk, a CD-ROM, or any
other form of computer-readable storage medium known in
the art. An exemplary storage medium is coupled to a
processor such that the processor can read information from,
and write information to, the storage medium. In the alter-
native, the storage medium can be integral to the processor.
The processor and the storage medium can reside in an
ASIC. The ASIC can reside in a user terminal. In the
alternative, the processor and the storage medium can reside
as discrete components in a user terminal.

While the above detailed description has shown,
described, and pointed out novel features as applied to
various embodiments, it will be understood that various
omissions, substitutions, and changes in the form and details
of the devices or algorithms illustrated can be made without
departing from the spirit of the disclosure. As will be
recognized, certain embodiments of the inventions described
herein can be embodied within a form that does not provide
all of the features and benefits set forth herein, as some
features can be used or practiced separately from others. The
scope of certain inventions disclosed herein is indicated by
the appended claims rather than by the foregoing descrip-
tion. All changes which come within the meaning and range
of equivalency of the claims are to be embraced within their
scope.

What is claimed is:

1. A peel-off resistant regional oximetry sensor compris-

ing:

a sensor head attachable to a patient skin surface and
configured to transmit optical radiation into the skin
and receive that optical radiation after attenuation by
blood flow within the skin, the sensor head comprising
a perimeter defining a footprint of the sensor head when
attached to the patient skin surface, the perimeter
comprising a first end, a second end opposite the first
end, a first side extending between the first and second
ends, and a second side opposite the first side and
extending between the first and second ends, the sensor
head further comprising a plurality of notches posi-
tioned along the perimeter and extending inwardly
from the perimeter towards an interior of the sensor
head, wherein the plurality of notches define narrow
linear channels forming a plurality of independently
flexible cutouts in the sensor head, the linear channels
and cutouts cooperating to allow for movement of the
patient skin surface, wherein the plurality of notches
comprises a first group of notches positioned along the
first side and a second group of notches positioned
along the second side, and wherein the first side and the
second side are straight; and

a stem extending from the first end of the sensor head and
configured to transmit electrical signals between the
sensor head and an attached cable;

wherein the stem is terminated interior to the sensor head
and away from an edge of the sensor head so as to
define feet along either side of the stem distal the stem
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termination, the feet configured to counteract a peel
away force resulting when the stem is pulled over the
sensor head.

2. The regional oximetry sensor of claim 1, wherein the
sensor head and stem form a single continuous body.

3. The regional oximetry sensor of claim 1, wherein the
sensor head and stem are substantially flat.

4. The regional oximetry sensor of claim 1, wherein the
stem extends radially outward from the sensor head.

5. The regional oximetry sensor of c¢laim 1, wherein the
sensor head and stem comprise a face tape layer and a base
tape layer, the base tape layer configured to adhesively
attach to the patient skin surface.

6. The regional oximetry sensor of claim 1, further
comprising:

at least one emitter configured to transmit optical radia-

tion into the patient skin surface;

a near-field detector configured to detect the optical

radiation after attenuation by tissue of the patient;
a far-field detector also configured to detect the optical
radiation after attenuation by tissue of the patient; and

at least one focus element associated with at least one of
the at least one emitter, the near-field detector, and the
far-field detector.

7. The regional oximetry sensor of claim 6, wherein the at
least one focus element comprises a half-dome shape and a
rectangular planar base.

8. The regional oximetry sensor of claim 6, further
comprising at least a second focus element.

9. The regional oximetry sensor of claim 8, wherein at
least one focus element is associated with the near-field
detector and at least one focus element is associated with the
far-field detector.

10. The regional oximetry sensor of claim 9, wherein the
focus element associated with the near-field detector is
smaller than the focus element associated with the far-field
detector.

11. The regional oximetry sensor of claim 6, wherein the
at least one focus element comprises three focus elements,
each of the three focus elements associated with one of the
at least one emitter, the near-field detector, or the far field
detector.

12. The regional oximetry sensor of claim 1, further
comprising a release liner.

13. The regional oximetry sensor of claim 1, wherein the
first and second sides comprise a greater portion of the
perimeter than the first and second ends.

14. The regional oximetry sensor of claim 1, wherein the
first group of notches are aligned with the second group of
notches.

15. The regional oximetry sensor of claim 1, wherein each
of the first group of notches and the second group of notches
comprise three or more notches.

16. The regional oximetry sensor of claim 1, wherein each
of the first group of notches are parallel with one another.

17. The regional oximetry sensor of claim 16, wherein
each of the second group of notches are parallel with one
another.

18. The regional oximetry sensor of claim 17, wherein the
first group of notches and the second group of notches are
aligned.

19. The regional oximetry sensor of claim 1, wherein the
plurality of notches further comprises a third group of
notches on the second end of the sensor head.

20. The regional oximetry sensor of claim 1, wherein the
second end is rounded.
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21. The regional oximetry sensor of claim 1, wherein the
first end comprises a first width and the second end com-
prises a second width, and wherein the second width is
greater than the first width.
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