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(57) ABSTRACT

A medical system according to embodiments of the present
invention includes at least one sensor configured to monitor
physiological status of a patient and to generate sensor data
based on the physiological status, a user interface device, a
processor communicably coupled to the user interface
device, the processor configured to: present via the user
interface device an array of two or more possible input
elements, the input elements each comprising a class of
patients or a diagnosis and treatment pathway; receive a
selected input element based on a user selection among the
two or more possible input elements; acquire the sensor data
and process the sensor data to generate physiological data;
and present via the user interface screen the physiological
data according to a template that is customized for the
selected input element.

36 Claims, 20 Drawing Sheets

LEAD SE KR

=

ECG

0 TREND HEART  PULSEQK
SHAPSHOT  FORMAT SOUNDS

O 0O O O O




US 10,485,490 B2

Page 2
Related U.S. Application Data 2004/0143298 Al*  7/2004 Nova ... AGIN 1/39
. . 607/5
filed on Nov. 12, 2010, provisional application No. 2004/0147818 Al*  7/2004 Levyetal ......... 600/300
61/436,943, filed on Jan. 27, 2011. 2004/0152954 Al*  8/2004 Pearce ............... A61B 5/0002
600/300
(51) Int. CL 2004/0214148 A1* 10/2004 Salvino .....ccccocooo.. AG61N 1/39
A6IB 5/024 (2006.01) 434/262
AGIB 5/0402 (2006.01) 2005/0225448 Al* 10/2005 Schenker ........... A61B 5/02055
A61B 5/08 (2006.01) 2005/0240087 A1* 10/2005 K al 346()(;8733(5}
A61B 5/113 (2006.01) 20030277872 AL 122005 Colon meceal /
A61B 5/145 (2006.01) 20000007188 AL* 12006 Relmer .. GOGF 304883
: 1 p: €INer .........ooeunes i
A61B 7/00 (2006.01) 345/179
ABIN 1/39 (2006.01) 2006/0047188 A1*  3/2006 Bohan ........oovveoveen. 600/300
(52) US.CL 2006/0111933 Al*  5/2006 Wheeler .............. GOGF 19/345
CPC ... A61B 5/02405 (2013.01); A61B 5/0402 0060116908 AL* 62006 Dew ef al ;ggg
(2013.01); A61B 5/0816 (2013.01); A61B 2006/0122864 Al*  6/2006 Gottesman et al. 70502
5/1135 (2013.01); A61B 5/14532 (2013.01); 2006/0142648 Al*  6/2006 Banet et al. ... 600/300
A61B 5/14539 (2013.01); A6IB 5/14542 2006/0229557 Al1* 10/2006 Fathallah .............. GO6F 19/00
(2013.01); A61B 5/4824 (2013.01); A61B 7/00 / , 604/131
(2013.01); A61B 2505/01 (2013.01); 461N~ 2007/0032830 AL* 272007 Bowers ..o A61N65/73/2
1/3993 (2013.01) 2007/0175980 Al 8/2007 Alsafadi
) 2007/0191687 Al 8/2007 Justus
(56) References Cited 2007/0197882 Al* 82007 Smith .ccccconcco.. GOGF 19/3443
600/300
U.S. PATENT DOCUMENTS 2007/0276270 Al 11/2007 Tran
2008/0174563 Al 7/2008 Kim
5255187 A 10/1993 Sorensen 20080176199 Al*  7/2008 Stickney ................ AG1N 1/39
5,626,151 A * 51997 Linden ..ocoooovvvvvvemeene. 128/897 4341265
5,782,878 A *  7/1998 Morgan et al. ......c.cccconnne. 607/5 2009/0018867 Al*  1/2009 Reiner ................ GOGF 3/04883
5813403 A 9/1998 Soller et al. 7052
5,853,005 A * 12/1998 Seanlon ... 600/459 2009/0046096 Al* 2/2009 Rampersad ....... GOGF 19/3406
6,024,609 A * 22000 SUIWit .ooovovvvveee.. GO6F 19/322 345/419
_ 128/903 2009/0054735 Al1*  2/2009 Higgins et al. ............. 600/300
gggig;‘; gl ‘jggg? \C’IVell _etl al. 2000/0054743 AL*  2/2009 Stewart ............. GI6H 15/00
261, ! avriely 600/301
6,270,456 Bl 82001 IIiff ;
270, 2009/0069642 A1*  3/2009 Gao et al. oooovveorvre.. 600/300
6,321,113 BI* 112001 Parker ... A61V6(1)/73/2 2009/0076344 AL*  3/2000 Libbus et al, ..., 600/301
2009/0076345 A1*  3/2009 Manicka et al. ... 600/301
6,443,889 Bl 9/2002 Groth et al. 2009/0089095 ALl*  4/2009 Esham ............... G06Q 50/24
6,551,243 B2 4/2003 Bocionek et al. 705/3
ggggggg g} ;gggg gﬁﬂre;ue; gal 2009/0102800 Al 4/2009 Keenan
D72, : 2009/0119128 Al* 52009 Fitzgerald .......... GOGF 19/3406
gk B 1m0 Yo
3y . /i %
6766188 B2 72004 Soller 2009/0150184 A1*  6/2009 Spahn ... GO6F 1%352&
6,849.045 B2 2/2005 IIiff ) .
7,072,840 BL* 72006 Mayaud ... GOGF 19322 2009/0216556 AL* /2009 Martin ..o GOGF 19/730450/2
600/301 )
7,184,963 B1*  2/2007 ShAnnon ... 70572 2009/0227883 Al* 92009 Zhang ............. A61B68i%83
7,213,009 B2 5/2007 Pestotnik et al. ) .
7306.560 B2 122007 Iiff 2009/0270931 A1* 10/2009 Liden .....cc......... AG1H 31/005
7447643 Bl 11/2008 Olson et al. / . . 607/5
7,853,327 B2 12/2010 Patangay 2010/0010319 Al 12010 Tivig oo GOGF 19/363
8,337,404 B2* 12/2012 O8O0 .oovvvvvvcvrvvvcinnens 600/301 600,300
8392217 B2¥  3/2013 Tl coovcooveeeeeceereere, 705/3 2010/0069723 Al* 3/2010 Islarp ............................ 600/300
8,510,126 B2* 82013 Martin et al. ......coccvvvvan. 705/2 2010/0087883 Al*  4/2010 Sullivan et al. ............. 607/5
0,286,440 B1* 3/2016 Carter ... ... GOG6F 19/3406 2010/0113960 Al 52010 Scheib
2001/0047140 A1* 11/2001 Freeman ............ A61H 31/005 2010/0152801 Al* 6/2010 Koh .....c.coovvvenne AG1B 5/0422
601/41 607/9
2002/0156654 A1* 10/2002 ROE €t al. wvvrooeoosoiii, 705/3 2010/0161353 Al* 6/2010 Mayaud ............... GO6F 19/322
2002/0184055 A1* 12/2002 Naghavi et al. w..ooooovovn 705/2 705/3
2003/0036683 Al*  2/2003 Kehr et al. ocoovovvvne.. 600/300 2010/0179395 Al 7/2010 Bloem
2003/0036925 Al*  2/2003 Miller ...oocooovonnn... GOGF 17/243 2010/0234695 A1*  9/2010 MOoITis .vovcvevuvvrnrrvrrvene 600/300
705/2 2010/0234696 A1*  9/2010 Lietal. woovevuvrvricriine 600/300
2003/0055458 Al* 3/2003 Hamilton ............... AG1N 1/39 2010/0249540 A1* 9/2010 Lisogurski ........... A61B 5/0002
607/5 600/301
2003/0095150 AL*  5/2003 TreVINO ovvveovir GOIR 33/54 2010/0274100 A1* 10/2010 Beharetal. ................ 600/301
715810 2010/0302281 A1* 122010 Kim ... ... 345/661
2003/0120164 Al* 6/2003 Nielsen .....o........ AG61B 5/02055 2010/0305412 Al* 12/2010 Darrah et al. ............... 600/301
600/513 2011/0074831 Al* 3/2011 Lynch et al wocorcerveenen. 345/682
2003/0204145 Al* 10/2003 Manolas ............. AG6IB 5021 2011/0118561 Al*  5/2011 Tari coooororvvvrenn. A61B 5/145
600/513 600/301
2004/0064169 Al 4/2004 Briscoe et al. 2011/0172550 AL* 72011 Martin ..o, AG1B 5/7445
2004/0064342 A1*  4/2004 Browne ............... A61N 1/39 600/523
705/2 2011/0208540 Al 8/2011 Lord et al.



US 10,485,490 B2

Page 3
(56) References Cited P 2005-524436 A 8/2005
JP 2005-524498 A 8/2005
U.S. PATENT DOCUMENTS JP 2007-125151 A 5/2007
JP 2008-200111 A 9/2008
2011/0295078 AL* 12/2011 Reid .o G06Q 10/10 WO WO-2008/086496 A2 7/2008
600/300
2012/0108911 Al* 5/2012 Drysdale et al. ............. 600/300
2012/0278099 Al* 11/2012 Kelly G16H 10/60 OTHER PUBLICATIONS
705/3 P
20130096649 AL* 42013 Martin ... . GOGF 19322 Eurol.)ear.l Office Action issued by the European Patent Office for
607/60 Application No. 11839505.2 dated Jul. 16, 2015 (7 pages).
2013/0124090 Al*  5/2013 Gotschall oiiiin. GO1C 21/3664 Japanese Office Action issued by the Japan Patent Office for
701/533 Application No. 2013-538952 dated Aug. 25, 2015 (6 pages).
2014/0201627 Al* 7/2014 Freeman ... GO6F 3/04847 Hernandez, et al., “C.A.U.S.E.: Cardiac Arrest Ultra-sound Exam—A
715/704 Better Approach to Managing Patients in Primary Non-
20140272860 Al*  9/2014 Peterson ........... GOGF 19/345 arthythmogenic Cardiac Arrest,” Resuscitation, vol. 76, Issue 2, pp.
, . 434/262 198-206 (Feb. 2008).
2014/0296675 Al* 10/2014 Freeman ........ A6 1B68/O 7/%2411 Furopean Office Action issued by the European Patent Office for
201510359489 Al* 12/2015 Baudenbacher ... GOGF 19/341g ~ “Pplication No. 11839505.2 dated Dec. 19, 2016 (6 pages)
600/300 Notification of Reasons for Refusal issued by the Japanese Patent

Jp
Jp

FOREIGN PATENT DOCUMENTS

09-262213 A
2003-521972 A

10/1997
7/2003

Office in related Japanese Patent Application No. 2016-105706 (7
pages).

* cited by examiner



US 10,485,490 B2

Sheet 1 of 20

Nov. 26, 2019

U.S. Patent

ile

PR U

e ﬂ rr—————
q8e7 BOCC “ v0Z
ONISSIDOHd e  HDIYILS el HIAIDINYD
olany |
H
A S |
g€z _ gie
HOSSIOOHIOUIINA _— “ 1S3HD
9T NOLLOW e
TYNMELS i
i
puishiny prseraai i i
872 ¥2C iy | 20
ONISS300dd = MO INTA 7008 = WILLOIA
TYNDIS INOHJOHON ‘20ds i
i

- pisssaiaig {

807 744 | i
ndino k | iz
pravere TYNDIS 00T |- | o

| NOISSINGNOD
e 1S3HD
7ie :
L31avL
"I w3inamos




U.S. Patent Nov. 26,2019  Sheet 2 of 20 US 10,485,490 B2

LD SlE R

ECG Al
B PADs
06

MONTCR

_ ACUTE CARE
PARAN WAVE 2 DIAGNOSE  ALARMS 12LEAD

O O O O O

FIG. 2

LEAD SIE R

ECG A
B PADS
it

0 NONTOR

repparory ARERED e PANGDR
SOOI e TRAA NERE
OBTRESS — qy  DIRESS SEEATION

O 0O O O O

FIG. 3




U.S. Patent Nov. 26,2019  Sheet 3 of 20 US 10,485,490 B2

LEAD SIE MR

REAL-TIME : *RE !

N7

(0 TREND HEﬁPT PULSEQX  SYMPTOMS
SNAPSHOT  FORMAT QUNDS

O O O 0O O

FIG. 4



US 10,485,490 B2

Sheet 4 of 20

Nov. 26,2019

U.S. Patent

G Ol

SILIQMYD0AN ‘NOLLYHIASY AQCE NOIZHOL SILLLOTDIET dNOUD "SILMOIHONOYE :DIMLYIGEd
AS00HIA0 NIISY ‘Nivd ‘SHIQHOSIA ¥y INISNNOHNEN TTYHLINID
SNOLYOIQ3N "SISOAIDY DN0gYLIW SNMOOONT

SMYIA HEVE-NIZ LS dNOMD ACOHE NOIZHOL ‘SILLLLOTDIEE ‘NOLLONELSE0 AYMYELY ¥3ddn
ALTXNY ‘Nivd ‘NOLLYTINIAYIdAH "SHOVLLY DINVd “OINIFDOHDAS

48Y4SI0 DN

FALLDRMLESTY NOLYHIdSY HLIM 3SYISIA XN 438 TVIOVHEOSI0HLSYD WNITE AYYNCOIWING

FSVESIC DLLYLSYLIN 'NOISNL43 WHNTTd 'WSINOGINE AYYNOWTNG XYHOHLONNING
VINOWNING YIWHLSY 3SVYISIT AHYNOWING FALLONY LSO DINOYHD -AMYNOWING

YININY ‘NOLLOYYANT TVIGHYOOAN FLN0V 'SILIGUYOId
VINHLAHYYY ISYISIO AYTLHY AYYNOUOD "FHN VY LdVaH FAILLSIONCD “OVIGHYD

SUNAY NIVINASACQ 31N0V 4O SISONOVYIC TYILNIYI 4G



US 10,485,490 B2

Sheet 5 of 20

Nov. 26,2019

U.S. Patent

g
b

SYISIT AMYNOWINS ZAIL

L Old

OMRI1580 SINCHHD = 4d00

NOLLYTILNZAR AR

SILNOHONOYE
(08 NOI0d
L0

NOUVHISY AC

WEFOan mquz?\
YOS AHYNCIING

ANV LHYIH JALLSTONGD ¢

ONIHIIS
YaANY SNOILOVY L2 ._Méwogmu.% ONIMY T ONIZITHM
VINOWNING INLSISHId ‘ONZIHM HOTILS
mm\m axmanmm wwammmpm
SNOILOVHLZY TH
muz NG mmmmmnﬁ.;mw zaom ..&mmm .m..zmmmd
m& %“Mmmxa

YINOWH _mﬁw& rm Qmm.;uzm mﬁxo@ma nm:mz

m SONNOS Hiydud

NOLYEA0YXE GdO0 D30 183HO T3UMYE ONIFENTD ONIZHM
zo%nmmuém ESHERSITT
(00 WIRHLISY 21N0v AHOSSII0Y SNXOOVYYd SN ONIZIIHM
SISONOVIC 31815504 SONIANI
YINASAT 3LN0Y 40 SISONOYIT FHL NESDNION 4 ROUVNINYXZ TYOISAHd

dno¥d HONOD DN
NOLLYMIdSY 35¥aS
XTV1434 TYIOVHAOSTOUISYD  YIOYHASAC NOLLSIDIN)
_ WSTOBHI ASYNONTNG
11V L8V3H ALLSIONOD
25Y39I0 AYNOIIN
INLONKLSE0 INOYHD 35 020Y80.
V03

YANASAQ TYNSAXONYS
v LHVIH JALSTONDD  TYNGNLOON YINJOHLHO

YINCHNEN
AYHOHLOWNING WSNOBINT
AYVNOWING SILIGUYOR3d  NIVJ IS3HD DILMN3d
L90EHL 2408 Z¥3A3S
YINOWR HONOG
SISGND AHOLSIH FHIN]

SPNLYIAHO SWOLANAS
YANGSAC 40 SISONDYIO 3HL 0L 530




’\.\mhl.l

Opl < LON STYH -
ONOT SY AISNONNILNOGD Q3 LYY LSININGY W%m wm &
S8 NYD 18 QL G3103NNOD
HAZNNEIN AQ Q3 IVHLSINIATY

US 10,485,490 B2

W7 IONINNETY
NIZIH SIERYE NSV T %08
B 06 <
; 07T < LON Sl OH SN0 T 5 0% < 1ON S uH ONOT &
HSTd Al 908 - OF XISV ] ATSNOANILNOD CaYILSININGY 38 NvD | [AISNOANINDD G LSININGY 38 gq%w
HI 08 < J3 SV ONO 1SV WA NEAN G G SN w321 NEAN G (S SN
TSI CYRIO € S
< NI G O YNONTIENS BINE0 DIN SR AT N e TR
S (o706 INGITvd 7 HLIM 02N SRS TONE Ling Y HAM OEXIN SRS TOUANNETY
e Fuiivs Eﬁm%ﬁ%wm AL00Y (7001 %mﬁ_ﬁ% Ioﬁ,@ (70 0L vai9i0NnH xuﬁé )
3 — TYNHLSY T@m
wn
£ < 3H00S INIWIOYONT £ > 39005 INGIOVONT
YANASAY 3AVH NOA HO/ONY ONNOS YANSAQ Y 3AVH NCA HO/GNY ONNOS 208
> 1434 £S SWAATY GYaT 24 H0oiany LMY £5ON STVIAZY OvE1 2L HODIANY 4
<> [ ]
o
< C_HOLINOWO0I D, GNNOS HiIM O¥31 2} HOoIny)
£ C___OMISNAL_ D E ARSI gaod HeoL X i)
((33HS INTWADVONT VINDSAQ Dt \AHOLVHIIST AT NI 1dVdD 0,
QI MRS N I A SAHS >
AV NS | 1SH00 ONY AYOLSIH TS LNV 300y NOUYVELSININGY NIDAXO
NERE 8.08Y Y03H0 /SSINIAISNOASTY INIWNALI] NG =R
| WREBER ) SNOLNYOZHd TYSHIAING ONY ALFAYS INI08 INITISYE HSNEYIST

{4HO) TUNY4 LUY3H QIIVSNIGNODIA 3LNDY - GdOT - YWHLSY
TOD0L0 TYOIdIN NOWWOD ALNNOD ¥3ImOD

U.S. Patent



US 10,485,490 B2

Sheet 7 of 20

Nov. 26,2019

U.S. Patent

d8 Old

(JHO) UMY LYY3H CIYSNIANOO3C 3LN0Y - OdOD - YWHLSY
LINGY HIVINE 40 SSINIHOHS

/A0 -0 m
NZ3M.L39 (VOIS AHd 93 Y LIdS0H 1OvINGD) SNIONOdSaY )
S @ Il
SaNNOS 4O TOTOTONS INARISORT AV 01 09 ST u “
SANNOS : ]
IELER SS3MLSI0 ANOLAISTY SHIATS SAOTEAIT INGLlvd 41 | OVOY FHEARSINUNGD
o d10 090V NI O 53A0 | [ AMO OHOVANIN 0L 5370 )
SNIZI3AM 111 INGLLYd SN 0008 NI OZ 21Y410S DY | SN D005 N OZ FUv410S OV
41 0YILNGTIIN, 33 m . C ,*
O0L XYW dvdd - ¥3CISNOD I ETe A EIGER, e R
i HIM d33d HL 334
Mo WOG XV dvdS - HICISNDD | 08 X dvdD S H3CISNOD
N ]
T0HAINNTOS h TOHAIANIOS o
% JONILNE Y 0L AHOLOV 3 8 0MILNT Y OL AJOLOVEA3Y | +018
,r 808 INJ1vd V 805 IN31Vd 4] )
GO SNOOHONONE AENE | ([0 Lo LN OHANONE AL
ST INTIIVd A1) NI 2 H3A0 STINILIYd 41 NIA 2 ¥3A0
HSNd AT MOTS SIGZ) T0HA3RNT0S HSNd ATMDTS DINGZL TONTENNTIOS



U.S. Patent Nov. 26,2019  Sheet 8 of 20 US 10,485,490 B2

F@COQ =
PHASE | | PHASE | PHASE i

EXHALED TIDAL VOLUME o
FeCO, /

Y AAAAAAAA P ’.-. " T I
=L | H
CE
Z |
=z
o g
S 8
A&E\{OEU& L é

EXHALED TIDAL VOLUME

FIG. 10

¥



US 10,485,490 B2

Sheet 9 of 20

Nov. 26,2019

U.S. Patent




U.S. Patent Nov. 26,2019  Sheet 10 of 20 US 10,485,490 B2

UNRESPONSIVE
PULSELESS PATIENT

v
[ BEGIN CPR

1
INTUBATEAN 02 1 (ADDRESS HYPOKXIA)

é

| MONITORAND IV | {ADDRESS ARRHYTHMIAS)
§

¥ %
OV ARRHVTHVOGENTE ARRAVTHNOGENT
CARDIAG ARREST CARDIAC ARREST
CALSE EXAM L
'
FOUR CHAVBER VIEW OF FEART CARDIOVERT
{
¥ ¥ ¥ ¥
PERICARDIAL EFFUSION]  [FLATRV+] [ENDARGEDRV] [ nomrma
+ COLLAPSED RV FLATLY | | +RAFLATLY
; ' ' PER?@RW
, g
TAMPONADE HYPOVOLEMIAL IMASSIVE PE E— PERFORM
' SLIDING 8GN
ABSENT + NO
NORMAL COMET TALS
¥ ¥
CONSIDER PNEUMOTHORAX
"ELECTROLYTE IMBALANCE
\FYPOTHERMIA
. DRUGS AND TOXINS
MASSIVE Ml L E. CARDIOGENIC SHOCK)

FIG. 12



U.S. Patent Nov. 26,2019  Sheet 11 of 20 US 10,485,490 B2

1. Complete a scene size-up and determing if the scenc is safe to approach, Hihe
scene becomes unsafe at any time, withdraw,
2. Determine and evalugte the mechaniste of injury.

3. Determine the number of patients and initiate MCI plan as appropriste.

=

Complete inttial assessment according o mtial assessment protoced, with
attention 1o airway, breathing and cireulation

5. Consider the need for spinal stabilization.

fi. Determine the patient’s level of consciousness by use of the AVPU scale
& A Alert
b. V.- Responsive to verbgl stimoki
¢, P - Responsive to painful stimuhi
d. U~ Unresponsive

7. Assoss vital signs.
%, Identify patient priority and need for ALS care. Dispateh ALS, if necessary,

4. Complete an appropriate secondary physical exam (see below):

a. Rapid Treums Exsm: for patients with muofti-system fravmg of single-
system trauma with a high index of sugpicion for serous mechanism of
wmjary (MO,

b, Focused physical exam: for patients with isolated injuries resulting from
iow index of saspicion for serious MO who have no enifical enlena
aecoending to dispaiching ALS protocols,

18, Treat all life threatening injuties as foond,
11, Complete history of event and past medical history psing SAMPLE & QPQRST,
12, Treat all non-life threatening injunies as time allows,

13, Transpon immediately.

FIG. 13
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RAPID TRAUMA ASSESSMENT

DETERMINE MU1

ABC'S

CONSIDER C-SPINE STABILIZATION

DCAP-BTLS

EARS: BLEEDING, DISCHARGE, BRUISING BEHIND EARS

PUPILA: EQUALITY & REACTIVITY. RACCOON EYES, IMPALED OBIECTS
MOUTH: RE-CHECK AIRWAY, DENTUEES, LOOSE OR BROKEN TEETH
OUCLUSIONS, BLEEDING, VOMITUS, GAG REFLEX, ASSESS BREATHING
NECK

DCAP-BTLS

JVD, TRACHEAL DEVIATION

{-SPINE: DEFOBMITY OR TENDERNESS

ACCESSORY MUSCLE USE IN RESPIRATION

BURNS

CHEST

DUAP - BTLS

EQUAL CHEST RISE ANDFALL
OPEN WOLINDS, AIR LEAKS
BREATH S0UKDS

ABDOMEN

DCAP - BTLS

PULSATIMNG MASRS

PFALPATE FOUR QUADRANTS
TEXDERNESS & GUARDING
DISTENTION

SIGNS OF PREGRANCY
PELVIS

DCAP-BTLS

ASSESS FOR INSTABIITY
PRIAPISM

BLEEDING OR DISCHARGE
EXTREMITIES

DUAP - BTLS

PULSE, MOVEMENT AND SENSATION
POSTERIOR

DUAP -BTLS

SKIN WOUNDS OR LESIONS

FIG. 14
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FOCUSED PHYSIUAL EXAM

DETERMINE MOI1

ARCS

CONSIDER C-SPINE STABILIZATION

ASSESS THE AFFECTED AREA

ARSESS THE AREAS “ABOVE™ AND “BELOWY
THE AFFECTED AREA

FIG. 15

1. Follow imtial assessment and raunia sssessinent protocols & goneral padelines
an patient carg,

X

Control all major bleeding acconding o standard BLS technigues,

3. Aduunister oxygen according o oxyzen administration profosel,
4. Muke every effort to locste and transport the amputated sppendage with the
patient,

S, Wrap the appendage in monst stenle drossing and place 3 10 8 plashie hag, Uhe ke

packs or 08 te keep the appandage cool,

¥

sl Contro! pROT I ranspont o

£ I possible, contact Me
transport destination.

FIG. 16
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1. Assess the patient according to initial assessment and trawms assessment
protocols,

2. Monitor and maintain 2 patent airway. Ensure adequate respirations; assist
respirations via BYM if indicated.

Evaluate for and attempt controd of any major bleeding immediately, Use the
following steps to control major bleeding

& Apply dircct pressure

b, Elevate wound above the leved of the heart, if feasible

¢ Apply pressure at the pulse point proximal to the wound

d. Apply ice or cold pack

e Apply tourniquet 2 inches above the wound and tighten wntid bleeding

stops. Mark the time of apphcation around or on the tourmiguet,

Tk

& i s puncture wound is found in the chest, stomach or on the hagk, take the
following steps:
g lmmediately cover wound with a gleved hand
B, Apply direct pressure
g, Place occlusive dressing over wounid
d. Tape on three sides
e Evaluste for lung sounds arcund the site of the wound in the case of chest,
spper back or upper abdominal wounds

5. Provide oxygen vie NRB mask,

6. EBvaluvate all minor wounds after ensuning ABC’s, complenng assessment and
freating all life threatening emergencies.

~

Bandage all wounds using proper BLS technigue,

FIG. 17
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}. Follow inilial asscssment and rauma assessment protocols for general patient care
guidelines,

2. Pay close attention to airway and breathing considerations. Always be aware of
possible compromise io airway and breathing caused by bumns to the sirway,

3 Provide oxygen via NRE at 15 lpm. Assist respirations with BVM as necessary,

4. Remove all clothing or restricting ttems on or around the bumed argafs) if
posstble.

S

Detormine the degree and extent of burns using the “rule of nines” when
appropriate. Document findings in PCR.

&, Cover bums wilh stenle dressings,

=

Keep the patient warm and guard against hypothermia,

8. For stenilicant burn Injunies, contact Medical Control for decision regarding
transport to trauma cemter o designated bum center,

FIG. 18
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1. Follow Scene Safety protocol, Ensure that ¢lectrical source hes boen furmed off by
appropriately tramed professionals and there 1s no danger 1o the reseuers while
providing care. Stage away from the patient until such time a3 adeguate scene
gafety can be assared,

2. Follow initiad assessment and {rauma assessment protocols for general patient care
guidelines.
3, EBnsure adeguacy of airway, breathing and circulation,

4, Provide axygen via NRB at 15 Ipm or assist via BVM attached to supplemental
asygen at 15 lpm,

5, Tfpulse is absent:
8. Begin CPR and attach AED.
b, Defibriftate with AED as indicated.

¢. Ensure patent airway.

&, Consider transport options and need for assessment st tragma center or designated
burn center,

FIG. 19
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i inmotslizsbon.
sa Life Support

The followmg algonti cuthines requirements and mdicabios
H is based on the algorsthm published o the Pre-hospita! Traws
carricubum,

Lise this algorithm to evaluate ard treat patients with knows or suspected head travma,
spinal injurivy, or mechansm of tojury (MO which rebght indtoate 8 nesd for
immahilization,

serns it contact endise medical contrad
vor i doubt, e on i yof Shdtion and

5. Where oo
Whene
e,

FIG. 20

Use cliniea judgment o all cas
or inmnobdlize and byitate trang
rristaeg cervical apine mmoht

1. Assess patient according to initial assessment and trauma assessment protocols.
Perform a rapid frauma exam.

=

2. Ensure alrway and adequate respiratory offoert. Provide oxygen via NRB at 15
ipm or assist respirations via BYM.

3 Assess circulatory status for adequate pulse and signs of hypoperfusion. Control
hemorthaging with pressure,

4. Establish C-spine precautions and prepare to immobilize patient.

5. Determine level of conscionsness using AVPU scale and assess for altered mental
status,

. Treat all life-threatening injuries as soon as possible,

7. Obtain a complete set of vitals, Monitor and reassess vital signs continuocushy.

8. Initiate transpost to the closest appropriate facility immediately, Notify receiving,
facility en route. For assistance with transport decisions, contact Medical Contrel.

FIG. 22
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INDICATIONS FOR SPINAL INMOBILIZATION

3 1
BLUNT TRAUMA PENETRATIHG TRAUMA
¥ ¥
ALTERED LEVEL OF ccsfgsc&@uswgssg@s:sms;y REUROLOGIC DEFBICWCQMPLAENT?
§ ¥ § ¥
YES N0 VES KO
¥ ¥ ¥ §
MORLIZE SPHALPAN OR TENDERNESS? . TR ]
RAP I TRANSPORT ERLﬁuifDEFJC%TGQCOMPLH@ ; —
ANATONC DEF 5&?“’\be SR RAPID TRANSPORT RAPID TRANSPORT
¥ A USE CLINCAL JUDGEVENT
\;s NO IF N DOUBT, RBIORILIZE
MOBLIZE l
! CONCERNMNG MECHANISH
" - oN g?ggmpﬁ%wsm
§ ‘ ¥
VES )
R E?C OF #
.:S&E: i AT AT R
VDENCE CEALCCROLORLGS L MOBLZAT ari NOT NDICATED
OR
DISTRACTING MALRY TRANSPORT
OR
IABILTY TOCOMMUNICATE
§ ¥
VES 0
§ ¥
BMCRILIZE WMOBILIZETION NOT HEICATED
¢ .
TRASPORT TRANGPORT
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I Ascess patient according to initial assessment and Irauma assesstaent protocels,
Make a special effort to determine the amount of time that the patient was in the
water or subsnerged under water,

1

Open and maintain patent airway. Be ready © suction water from airway 88
BOCCSSAFY.

Lk

Cheek for spomtaneous respirations and for pulse

4. I sportaneous rospivations are present, provide high concenvations of tovge
NEE mask aconrding to oxygen administration protocoel. Assist via BVM
regpiratory effort i madeguale.

5. I spontancons pulse and respivitions aee absent, refer o cardias serogt protocals,

Initinte advanced sirway procedures and deflibrillste as novossary,

& Trassporl immediately. Contact Madios! Control tor assistance fa dotlonmining
appropriate recetving faeility,

FIG. 23
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I, Assess patient according to initial assessment and travma assessment protogels,
Perform & rapid trauma exam.

Pt

Ensure patent airway and adequate respiratory effort. Provide oxyvgen via NRB at
1§ lpm or wssist via BVM if needed.

3. Assess circulatory status for adequate pulse and signs of hypoperfusion.
4, Establish C-spine precautions and prepare to immobihize patient.

5. Determine level of consciousness (by use of the AVPU scale) and assess for
altered mental status.
6. Treat all hife-threatening injuries as soon as possible,

&

7. Obtain a complete set of vitals, Monitor snd reassess vital signs continsously.

L2

Indtiste transport fo the clogest appropriate facility immediately, Contact Medicnl
{Control for assistance in selecting most appropriate recetving factlity,

9. Transport patient on the patient’s left side, left lateral recumbent position, or raise

the left side of the backboard at an angle greater than 15 degrees using towels,
blankers, head-blocks, eie. {unless the patient is in cardiac arrest)

FIG. 24

. Assess and treat patient according fo inittal assessrnent and tnrums assessmann
prafocois.

3

fnvmediately begin UPR and ventibate patlent via BVM a1 15 lpm.

3. Trdgdate basic sirway management, por spplicable protacols.

4. Transport imumedistely to the closest ppen travans conter. Notify reveiving fanility

e foute,

FIG. 25



US 10,485,490 B2

1
ACUTE CARE TREATMENT SYSTEMS
DASHBOARD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 61/412,679, filed on Nov. 11,
2010, and of U.S. Provisional Patent Application Ser. No.
61/413,266, filed on Nov. 12, 2010, and of U.S. Provisional
Patent Application Ser. No. 61/436,943, filed on Jan. 27,
2011, all of which are incorporated herein by reference in
their entireties for all purposes.

TECHNICAL FIELD

Embodiments of the present invention relate generally to
tools for facilitating acute care treatment, and more specifi-
cally to systems and methods for clinical decision support
and differential diagnosis.

BACKGROUND

In the pre-hospital and acute care treatment setting, medi-
cal responders often have difficulties in accurately determin-
ing the proper diagnosis of a particular patient. Even well-
trained physicians often have difficulty under emergency
conditions in which split second decisions are required with
limited information. Computer-automated diagnosis was
developed to improve the accuracy, effectiveness, and reli-
ability of both field and hospital of patient treatment.

Automated differential diagnosis utilizes computer infer-
ence algorithms such as Bayesian algorithms, neural net-
works, or genetic algorithms. According to a Wikipedia
posting:

The Bayesian network is a knowledge-based graphical
representation that shows a set of variables and their
probabilistic relationships between diseases and symp-
toms. They are based on conditional probabilities, the
probability of an event given the occurrence of another
event, such as the interpretation of diagnostic tests.
Bayes’ rule helps us compute the probability of an
event with the help of some more readily information
and it consistently processes options as new evidence is
presented. In the context of CDSS [(clinical decision
support system)], the Bayesian network can be used to
compute the probabilities of the presence of the pos-
sible diseases given their symptoms. Some of the
advantages of Bayesian Network include the knowl-
edge and conclusions of experts in the form of prob-
abilities, assistance in decision making as new infor-
mation is available and are based on unbiased
probabilities that are applicable to many models. Some
of the disadvantages of Bayesian Network include the
difficulty to get the probability knowledge for possible
diagnosis and not being practical for large complex
systems given multiple symptoms. The Bayesian cal-
culations on multiple simultaneous symptoms could be
overwhelming for users. Example of a Bayesian net-
work in the CDSS context is the Iliad system which
makes use of Bayesian reasoning to calculate posterior
probabilities of possible diagnoses depending on the
symptoms provided. The system now covers about
1500 diagnoses based on thousands of findings.
Another example is the DXplain system that uses a
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modified form of the Bayesian logic. This CDSS pro-
duces a list of ranked diagnoses associated with the
symptoms.

Artificial Neural Networks (ANN) is a nonknowledge-
based adaptive CDSS that uses a form of artificial
intelligence, also known as machine learning, that
allows the systems to learn from past experiences/
examples and recognizes patterns in clinical informa-
tion. It consists of nodes called neurodes and weighted
connections that transmit signals between the neurodes
in a unidirectional fashion. An ANN consists of 3 main
layers: Input (data receiver or findings), Output (com-
municates results or possible diseases) and Hidden
(processes data). The system becomes more eflicient
with known results for large amounts of data. The
advantages of ANN include the elimination of needing
to program the systems and providing input from
experts. The ANN CDSS can process incomplete data
by making educated guesses about missing data and
improves with every use due to its adaptive system
learning. Additionally, ANN systems do not require
large databases to store outcome data with its associ-
ated probabilities. Some of the disadvantages are that
the training process may be time consuming leading
users to not make use of the systems effectively. The
ANN systems derive their own formulas for weighting
and combining data based on the statistical recognition
patterns over time which may be difficult to interpret
and doubt the system’s reliability. Examples include
the diagnosis of appendicitis, back pain, myocardial
infarction, psychiatric emergencies and skin disorders.
The ANN’s diagnostic predictions of pulmonary embo-
lisms were in some cases even better than physician’s
predictions. Additionally, ANN based applications have
been useful in the analysis of ECG (ak.a. EKG)
waveforms.

A Genetic Algorithm (GA) is a nonknowledge-based
method developed in the 1940s at the Massachusetts
Institute of Technology based on Darwin’s evolution-
ary theories that dealt with the survival of the fittest.
These algorithms rearrange to form different re-com-
binations that are better than the previous solutions.
Similar to neural networks, the genetic algorithms
derive their information from patient data. An advan-
tage of genetic algorithms is these systems go through
an iterative process to produce an optimal solution. The
fitness function determines the good solutions and the
solutions that can be eliminated. A disadvantage is the
lack of transparency in the reasoning involved for the
decision support systems making it undesirable for
physicians. The main challenge in using genetic algo-
rithms is in defining the fitness criteria. In order to use
a genetic algorithm, there must be many components
such as multiple drugs, symptoms, treatment therapy
and so on available in order to solve a problem. Genetic
algorithms have proved to be useful in the diagnosis of
female urinary incontinence.

Despite the fact that automated differential diagnosis
systems have been developed and attempted to be imple-
mented for more than 35 years now, they have not achieved
any acceptance in the emergency medical setting for acute
care treatment (ACT). In large part, this failure is due to the
conditions under which emergency care of acute conditions
are practiced. In those situations, such as the treatment of
trauma, cardiac arrest or respiratory arrest, speed of deci-
sion-making is critical and caregivers already must split
their time and attention between the patient and the physi-
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ological monitors and defibrillators. In such situations, auto-
mated differential diagnosis (ADD) tools are often viewed as
interfering with the caregiving process and as a delay to
treatment of the patient. Given that every minute can result
in a 10% drop in survival rate, such as is the case for cardiac
arrest, it is not surprising that ADD tools are ignored by the
very people that they were designed to assist.

It has also been found that much of the patient’s medical
history is inaccessible by the caregiver at the time of the
acute medical condition because patients are often treated in
the prehospital setting where family members are often not
present at the time of the injury.

SUMMARY

Embodiments of the present invention include a system
that provides a tool for the caregiver to more efliciently and
accurately perform a differential diagnosis that is integrated
into the caregivers existing workflow during emergency
situations. Embodiments of the present invention may also
provide an integrated view of physiological data from the
patient, along with therapeutic treatment and patient history
and examination findings, in an automated way to caregiv-
ers.

A medical system according to embodiments of the pres-
ent invention includes at least one sensor configured to
monitor physiological status of a patient and to generate
sensor data based on the physiclogical status; a user inter-
face device; a processor communicably coupled to the user
interface device, the processor configured to: present via the
user interface device an array of two or more possible input
elements, the input elements each comprising a class of
patients or a diagnosis and treatment pathway; receive a
selected input element based on a user selection among the
two or more possible input elements; acquire the sensor data
and process the sensor data to generate physiological data;
and present via the user interface device the physiological
data according to a template that is customized for the
selected input element.

In an example of the medical system discussed above, the
selected input element is selected based on activation of one
or more switches.

In an example of the medical system discussed above, the
selected input element is selected based on touching a
touch-activated screen.

In an example of the medical system discussed above, the
touch-activated screen is the user interface screen.

In an example of the medical system discussed above, the
at least one sensor is one or more of an ECG, SpO,, NIR
tissue perfusion, NIR pH, ultrasound, ventilator flow rate,
EtCO,, invasive blood pressure, and non-invasive blood
pressure sensors.

In an example of the medical system discussed above, the
processor is further configured to receive a caliper gesture
signal generated by the touching of two points on the
touch-activated screen at the same time with the same hand,
and to overlay measurement data onto the physiological data
upon receipt of the caliper gesture signal.

In an example of the medical system discussed above, the
array of two or more possible input elements includes at
least one of: a respiratory distress or dyspnea diagnosis and
treatment pathway; an altered mental status diagnosis and
treatment pathway; a cardiac distress diagnosis and treat-
ment pathway; a trauma diagnosis and treatment pathway;
and a pain or abnormal nerve sensation diagnosis and
treatment pathway.
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In an example of the medical system discussed above, the
array of two or more possible input elements includes: a
respiratory distress or dyspnea diagnosis and treatment
pathway; an altered mental status diagnosis and treatment
pathway; a cardiac distress diagnosis and treatment path-
way; a trauma diagnosis and treatment pathway; and a pain
or abnormal nerve sensation diagnosis and treatment path-
way.

In an example of the medical system discussed above, the
system includes a tablet computer.

In an exaniple of the medical system discussed above, the
processor is part of the tablet computer.

In an example of the medical system discussed above, the
tablet computer is an iPad® tablet computer.

In an example of the medical system discussed above, the
user interface screen is part of the tablet computer.

In an example of the medical system discussed above, the
system includes a defibrillator.

In an exaniple of the medical system discussed above, the
user interface screen is part of the defibrillator.

In an example of the medical system discussed above, the
tablet computer includes a protective housing, wherein the
protective housing includes a first mounting feature, the
medical system further including a second mounting feature
configured to interfit with the first mounting feature.

In an exaniple of the medical system discussed above, the
array of two or more possible input elements comprises a
respiratory distress or dyspnea diagnosis and treatment
pathway.

In an exaniple of the medical system discussed above, the
at least one sensor is configured to monitor heart sounds of
the patient.

In an example of the medical system discussed above, the
at least one sensor is configured to monitor breathing sounds
of the patient.

In an exaniple of the medical system discussed above, the
processor is further configured to differentiate between
wheezing, crackles, rale, and stridor breathing sounds.

In an exaniple of the medical system discussed above, the
at least one sensor is a near infrared based sensor.

In an example of the medical system discussed above, the
at least one sensor is configured to measure pH of either
tissue or blood of the patient.

In an example of the medical system discussed above, the
at least one sensor is an ECG sensor, and wherein the
physiological data reflects heart rate variability.

While multiple embodiments are disclosed, still other
embodiments of the present invention will become apparent
to those skilled in the art from the following detailed
description, which shows and describes illustrative embodi-
ments of the invention. Accordingly, the drawings and
detailed description are to be regarded as illustrative in
nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a clinical decision support system,
according to embodiments of the present invention.

FIG. 2 illustrates a user interface for a medical device,
according to embodiments of the present invention.

FIG. 3 illustrates the user interface of FIG. 2 upon
selection of an acute care diagnosis mode, according to
embodiments of the present invention.

FIG. 4 illustrates the user interface of FIGS. 2 and 3 upon
selection of a respiratory distress mode, according to
embodiments of the present invention.
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FIG. 5 is a table describing a differential diagnosis outline
for acute dyspnea in adults.

FIG. 6 is a table describing clues to the diagnosis of
dyspnea.

FIG. 7 is a table listing physical examination findings in
the diagnosis of acute dyspnea.

FIG. 8A is a top portion of a common medical protocol
and differential diagnosis flow chart for adult shortness of
breath.

FIG. 8B is a continuation of the common medical protocol
and differential diagnosis flow chart of FIG. §A.

FIG. 9 illustrates a carbon dioxide snapshot waveform
which may be displayed on the user interface when selected
by the user, according to embodiments of the present inven-
tion.

FIG. 10 illustrates the carbon dioxide snapshot waveform
of FIG. 9 with displayed measurements, according to
embodiments of the present invention.

FIG. 11 illustrates a tablet computing device docked on a
defibrillator device, according to embodiments of the pres-
ent invention.

FIG. 12 illustrates a protocol for use in patients with
cardiac arrest.

FIG. 13 illustrates an example trauma assessment proto-
col.

FIG. 14 illustrates an example rapid trauma assessment
protocol.

FIG. 15 illustrates an example focused physical exam
protocol.

FIG. 16 illustrates an example amputation injuries proto-
col.

FIG. 17 illustrates an example bleeding control protocol.

FIG. 18 illustrates an example burns protocol.

FIG. 19 illustrates an example electrocution protocol.

FIG. 20 illustrates an example spinal immobilization
protocol.

FIG. 21 illustrates additional steps in the spinal immobi-
lization protocol of FIG. 20.

FIG. 22 illustrates an example multi-system trauma pro-
tocol.

FIG. 23 illustrates an example near drowning protocol.

FIG. 24 illustrates an example trauma in pregnancy pro-
tocol.

FIG. 25 illustrates an example traumatic cardiac arrest
protocol.

While the invention is amenable to various modifications
and alternative forms, specific embodiments have been
shown by way of example in the drawings and are described
in detail below. The intention, however, is not to limit the
invention to the particular embodiments described. On the
contrary, the invention is intended to cover all modifications,
equivalents, and alternatives falling within the scope of the
invention as defined by the appended claims.

DETAILED DESCRIPTION

FIG. 1 shows a block diagram of the system, according to
embodiments of the present invention. In one embodiment,
a combined defibrillator/monitor device such as the E-Series
manufactured by ZOLL Medical of Chelmsford Mass. has
keys whose labeling is provided by on-screen text. The text
is thus configurable in real time ether due to input by the user
or as a result of analysis and decision making by the
defibrillator or other devices with which the defibrillator is
in communication at the time of the defibrillator’s use, such
as the computer tablet device 214 or remote base station
staffed by medical dispatch or medical supervisory person-
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nel in communication with the computer tablet. The com-
puter tablet may take the form of an iPad (Apple Corp.,
Cupertino Calif.). Such screen-labeled keys may be referred
to as “soft-keys”. A specific soft-key is initially labeled
“Acute Care diagnose” at device turn-on as shown in FIG.
2, according to embodiments of the present invention. Upon
detecting a key press of the Acute Care Diagnose key, the
defibrillator changes the functionality and labeling of the
keys to those shown in FIG. 3. These five labels—“Respi-
ratory Distress” or alternatively “Dyspnea”, “Altered Mental
Status”, “Cardiac Distress”, “Trauma” and “Pain/Abnormal
Nerve Sensation”—differ from the traditional symptoms
associated with differential diagnosis in that they identify
classes of patients and potential workflows and diagnosis
and treatment pathways (DTP), and are listed in relative
frequency with which paramedics and other emergency
personnel encounter patients meeting these criteria in actual
practice.

By pressing the soft-key for each DTP, the defibrillator is
then configured to potentially activate certain physiological
sensors and display the sensor data in such a way as to
provide the caregiver the optimal information, presented in
the optimal fashion so as to diagnose and treat the patient
most accurately and efficiently. Each DTP may include a
template according to which sensor data, or the physiologi-
cal and/or measurement data derived therefrom, is displayed
in a way most useful and/or efficient for that particular DTP.
For instance, if the “Respiratory Distress” soft-key is
pressed, then the waveforms and numeric physiologic data
on the screen change to that shown in FIG. 4. Stored
snapshots of individual CO2 breath waveforms may be
initiated via the CO2 Snapshot soft-key. These snapshots
remain on the display for reference to the clinician both for
automating measurements for diagnosis as well as for
assessing the effectiveness of a particular therapy.

Heart sound measurement and detection may be incorpo-
rated into the monitoring device for the detection of S3 and
S4 heart sounds and automatically narrow the differential, or
suggest for the rescuer to confirm agreement with the
software diagnosis, of heart failure or pulmonary edema. A
flowchart for evaluating heart sounds is shown in FIGS. 8A
and 8B. Pulse oximetry and capnography are also very
helpful measures and may be automatically incorporated
into the algorithm for more accurate diagnosis. The same
sensors used to detect heart sounds may also be employed to
detect breath sounds and to analyze their quality. Specific
algorithms may be employed to detect wheezing, crackles,
rale or stridor, each of which may be indicative of a
particular disease.

Sensors such as flow sensors and O2 gas sensors are
included in some embodiments, so that the additional physi-
ological measurements such as volumetric Co2, volumetric
02 and spirometry, which are relevant for diagnosis and
treatment of dyspnea, may be included and displayed on the
Respiratory Distress DTP screen. An oxygen sensor may be
located in the patient’s airway, which may assist in calcu-
lating the metabolic needs of the patient.

The display on the defibrillator 212 is a touchscreen,
according to some embodiments of the present invention.
The caregiver can easily initiate measurements such as on
the CO2 snapshot waveform or the spirometry snapshot
waveform via touchscreen gesture such as a double tap. A
zoom icon may exist in the upper corner of each waveform
box, such as the CO2 snapshot, such that when the zoom
button is touched, that particular waveform fills the display
of the defibrillator. Another measurement button is present
which, when touched, displays all the relevant measure-
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ments for a particular waveform, according to embodiments
of the present invention. A gestural interface is provided as
part of the touchscreen. Using two fingers or finger and
thumb to touch to two points in the waveform (which may
also be referred to as a “caliper” measurement or gesture)
will cause measurements to be displayed and/or overlaid
onto the physiological data, as illustrated in FIG. 10. For
instance, dead space volume, phase I and III slopes which
are indicative of COPD, and estimates of arterial pCO2 may
be listed on the screen after initiation of CO2 waveform
measurement.

According to embodiments of the present invention, the
processor communicably coupled with the touchscreen por-
tion of a decision support system may be configured to
recognize the wave shape of a wave signal being displayed,
and/or recognize the edge of an image being displayed, in
order to improve the accuracy of a caliper touch gesture. For
example, if a user were to use a caliper gesture to measure
or “zoom in” on an ST elevation in an ECG wave display,
the decision support system may be configured to recognize
that if one of the user’s fingers taps just below the top of the
ECG wave, that the user likely intended to include the top
of the ECG wave in the enlarged or selected view. In
addition, the decision support system may be configured to
permit an ability to enlarge (zoom) and adjust measurement
points individually using the touchscreen. A tap/click and
drag method may be used to set the caliper gesture; for
example, to hone in on a particular portion of displayed
waveform, the user may press on one point and drag to
another point to indicate the endpoints of the caliper gesture.

Specific out-of-range readings can be displayed in red or
highlighted by other mechanisms, such as bold-face font
and/or flashing. Touching the highlighted values will cause
the display to show the possible diagnoses which are con-
sistent with the measurements, according to embodiments of
the present invention. A specific graphical zone of the screen
can be designated with a graphical image of the computer
tablet. By dragging waveforms, measurements, or any other
data object shown on the display over onto the computer
tablet icon, it can automatically be presented on the com-
puter tablet that is linked to the defibrillator.

Capnography is helpful in the assessment of asthma,
where an increased slope in the expiratory plateau provides
a measure of bronchospasm. The slope of the plateau phase
(phase IIT) provides a measure of airway obstruction. The
adequacy of b-agonist bronchodilatory therapy for an
asthma exacerbation may be monitored through observation
of slope change of phase III.

As referenced in U.S. Patent Application Publication No.
2011/0172550, published on Jul. 14, 2011, which is incor-
porated by reference herein in its entirety for all purposes,
the data for the patient’s history may be entered via the
computer tablet with patient physiological measures via the
monitor. As the differential diagnosis often implicates both
patient history, patient examination findings along with
measures of the patient’s physiological state via such moni-
toring as ECG, capnography and pulse oximetry, these data
elements are integrated into a user interface that automati-
cally or semi-automatically integrates the various data ele-
ments on a single differential diagnosis screen within the
application on the computer tablet. The interface may begin
by asking the rescuer to choose from a list of common
presenting symptoms or complaints by the patient, for
example dyspnea or respiratory distress. The information
such as on the screens of FIGS. 5, 6, and 7 (taken from Am
Fam Physician 2003; 68:1803-10) provides one possible
structured approach for rescuers to obtain information. As
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patient history and physical examination findings are entered
on the computer tablet, the differential diagnosis page will
gradually narrow down the possible diagnoses.

In another embodiment, the defibrillator contains a dock-
ing feature for propping up a computer tablet such as an
Apple® iPad® on top of the defibrillator in a stable position
via mounting features integrated onto the defibrillator, as
illustrated in FIG. 11. Other mobile computing devices,
including tablet computers, an iPhone®, an iTouch®, and
other touchscreen monitors may be used. Alternatively, a
low power, battery powered, touchscreen monitor may be
used, such as, for example, those that transfer information to
and from a computing device via a wired or wireless USB
connection. Communication may be provided wirelessly
between the two devices (the medical device and the mobile
computing device, for example). Other communicable cou-
pling may be achieved between the two devices; for
example, wired. The iPad may include a protective housing
and/or waterproof housing to protect it from the typical
physical abuse it would likely encounter in the prehospital
environment. Mounting features integral to such an iPad
housing allow it to be easily attached on top of the defibril-
lator on scene. The mounting feature on the defibrillator may
be able to hinge to allow the iPad® to hinge down when not
in use into a protective pocket on the defibrillator. The iPad®
may also be undocked and used nearby to the defibrillator,
without need for physical connection. A physical slot may
also be provided, preferably at the side, top or back of the
unit that allows for the iPad® to have its battery charged by
the defibrillator. Internal to the frame of the iPad® protective
housing is the standard iPad® connector, while on the
exterior of the frame of the iPad® protective housing are
much more robust mechanical and electrical connections
that can withstand the extensive abuse experienced by
medical devices in the prehospital emergency setting,
according to embodiments of the present invention.

The results of this integrated analysis of physiological
data, patient history and examination findings may then be
displayed on the defibrillator, potentially in the form of
asking to make an additional physiological measurement.
The results of this integrated analysis of physiological data,
patient history and examination findings may alternatively,
or additionally, be displayed on the tablet computer. Accord-
ing to some embodiments of the present invention, the tablet
computer, or other mobile computing device, may be com-
municably coupled with the defibrillator or other physiologi-
cal assessment device, for example through a wireless
connection. As used herein, the phrase “communicably
coupled” is used in its broadest sense to refer to any coupling
whereby information may be passed. Thus, for example,
communicably coupled includes electrically coupled by, for
example, a wire; optically coupled by, for example, an
optical cable; and/or wirelessly coupled by, for example, a
radio frequency or other transmission media. “Communica-
bly coupled” also includes, for example, indirect coupling,
such as through a network, or direct coupling.

According to embodiments of the present invention, a
user interface device is communicably coupled to a proces-
sor, and the processor is configured to receive data entered
via the user interface device, as well as data received from
one or more sensors, in order to perform clinical decision
support based on both data sources. The user interface
device may include one or more devices such as a touch
screen computer, a tablet computer, a mobile computing
device, a smart phone, an audio receiver, an audio transmit-
ter, a video receiver, a video transmitter, a camera, and a
“heads up” display projected onto a user’s glasses or face
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shield. A small monitor may be mounted onto eyeglasses, a
face shield, and/or integrated with other wearable commu-
nications devices, such as, for example, an ear bud or a
Bluetooth® hands free phone adaptor. The user interface
device may include a combination of devices for conveying
options and receiving input; for example, an audio speaker
may be used to convey possible DTPs, and an audio receiver
may be used to receive a verbal command indicating a
selection of one of the DTPs. Instead of an audio receiver,
a video camera may be used to receive a gestural command
that will be interpreted by the processor as a selection of one
of the possible DTPs, or input elements. Using hands-free
devices for user interface devices may free the hands of a
caregiver to perform clinical tasks, while still permitting
non-intrusive decision support and/or differential diagnosis
for the caregiver.

FIGS. 8A and 8B illustrate a differential diagnosis and/or
clinical support process through which a computer processor
may take a caregiver, using the user interface device, accord-
ing to embodiments of the present invention. For example,
if the caregiver selected “Respiratory Distress” from among
the five DTPs presented on the screen of FIG. 3, then the
user interface device would prompt the caregiver to input
information about step 802 in the flowchart of FIG. 8, which
flows from top to bottom. At step 802, if the 12-lead reveals
an S3 heart sound, or if the Dyspnea Engagement Score is
greater than 3, then the decision support system will take the
user through the Acute Decompensated Heart Failure (CHF)
decision/diagnosis process.

The decision support system may take into account both
physiological data received from sensors, and information
data received from the caregiver (e.g. via mobile computing
device such as an iPad®), in helping the caregiver move
from one decision point in the flow chart to the next, while
updating any display or information provided along the way.
For example, the decision support system may indicate to
the user that, based on processing of the ECG data, there
does not appear to be an S3 heart sound present, and ask the
caregiver to confirm this assessment. The decision support
system may also, or alternatively, request the caregiver to
enter a Dyspnea Engagement Score, or suggest one for
confirmation by the caregiver. At step 802, if the 12-lead
reveals no S3 heart sound, or if the Dyspnea Engagement
Score is less than 3, then the decision support system will
recognize that the caregiver is not dealing with a CHF
situation, but then moves to step 804 in which the decision
support system changes its display and/or input prompts in
order to help the caregiver determine whether to enter the
Asthma treatment path or the COPD treatment path.

Again, the decision support system may factor in various
physiological data from sensors, as well as various infor-
mational data received about the particular patient, in help-
ing to support the caregiver’s decision. For example, as
illustrated in FIG. 6, if the patient information (either
entered by the caregiver or obtained from another source)
indicates that the patient is involved in heavy tobacco use,
the decision support system will recognize at step 804 that
a COPD diagnosis is more likely, whereas if the caregiver
indicates to the decision support system that the patient is
experiencing a cough, or has a history of asthma, the
decision support system may recognize at step 804 that an
Asthma diagnosis is more likely. In addition to, or alterna-
tively to, the informational diagnosis support reflected in
FIG. 6, the decision support system may gather findings
using physiological data to help the caregiver determine the
appropriate treatment path. For example, if a breathing or
breath sound sensor generates data that, when processed,
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indicates clubbing, barrel chest, or decreased breath sounds,
the decision support system may recognize at step 804 that
a COPD treatment path is more appropriate, whereas if the
breath sound sensor generates data indicative of pulsus
paradoxus, or if a muscle activity sensor indicates accessory
muscle use, the decision support system may recognize at
step 804 that an Asthma treatment path is more appropriate.

According to embodiments of the present invention, the
decision support system may suggest or propose a diagnosis
or treatment path, for example by indicating statistical
probabilities (based on charts and data such as those of
FIGS. 6 and 7) or relative likelihoods, and ask for confir-
mation or final selection by the caregiver. For example if at
step 804 the decision support system receives confirmation
of an Asthma diagnosis, then the user interface device may
change the information presented to the caregiver, for
example by launching into a treatment protocol specific to
the Asthma diagnosis. At step 806, the decision support
system may suggest that the caregiver attach a humidifier to
the patient’s oxygen supply, and administer 2.5 milligrams
of albuterol mixed with 0.5 milligrams of Atrovent admin-
istered by nebulizer connected to a 6-9 liter per minute
source, and may indicate that the dosage may be adminis-
tered continuously as long as the heart rate is not greater than
140. The decision support system may monitor the heart
rate, and give a visual and/or audio indication when and if
the heart rate reaches or approaches 140, in this example.

At step 808, the decision support system may help the
caregiver decide whether the patient is extremely broncho-
constricted, for example by showing data or measurements
related to blood oxygen content, respiration rate, or respi-
ration volume. Upon a confirmation by the caregiver that the
patient is extremely bronchoconstricted at step 808, the
decision support system may then suggest to the caregiver
that a 125 milligram dose of Solumedrol be administered
over a slow (e.g. 2 minute) intravenous push. At step 8§10,
the decision support system may help the caregiver to decide
whether the patient’s symptoms have improved (e.g.
whether the patient’s shortness of breath has improved with
the treatment thus far). For example, the decision support
system may display and/or analyze the patient’s end-tidal
waveform, and suggest that the patient does not appear to be
responding to the treatment, and ask for the caregiver’s
confirmation. If the caregiver confirms the decision, then the
decision support system may continue to guide the caregiver
through additional treatment options, for example those
indicated in FIG. 8. In this way, the decision support system
guides the caregiver through complex decision making
processes, during the clinical encounter, using both physi-
ological data and informational data gathered from the
patient or input by the caregiver, in a way which would be
too inconvenient or time-consuming for the caregiver to
perform absent the decision support system.

The decision support according to embodiments of the
present invention may or may not be fully automated.
Inference engines utilizing Bayesian networks, neural net-
works, genetic algorithms, or simpler rule-based systems
may be employed.

In another embodiment, the tissue CO2 or pH are mea-
sured by methods such as those described in U.S. Pat. No.
6,055,447, which describes a sublingual tissue CO2 sensor,
or U.S. Pat. Nos. 5,813,403, 6,564,088, and 6,766,188,
which describe a method and device for measuring tissue pH
via near infrared spectroscopy (NIRS), and which are all
incorporated herein by reference in their entirety for all
purposes. NIRS technology allows the simultaneous mea-
surement of tissue PO2, PCO2, and pH. One drawback of
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previous methods for the measurement of tissue pH is that
the measurements provided excellent relative accuracy for a
given baseline measurement performed in a series of mea-
surements over the course of a resuscitation, but absolute
accuracy was not as good, as a result of patient-specific
offsets such as skin pigment. One of the benefits achieved by
some embodiments of the present invention is the elimina-
tion of the need for absolute accuracy of these measure-
ments, and the reliance on only the offset and gain being
stable over the course of the resuscitation. Tissue CO2 and
pH are particularly helpful in monitoring in the trauma DTP.
Physiological parameters on display for the trauma DTP
may be one or more of: invasive and non-invasive blood
pressure, tissue CO2 and pH, ECG, SpO2 trending, and
heart rate variability risk index. The ECG may be analyzed
to determine the interval between adjacent R-waves of the
QRS complexes and using this interval to calculate heart rate
variability as a running difference between adjacent R-R
intervals. It is known to those skilled in the art that an abrupt
reduction in variability will often precede by many minutes
a precipitous decline in a patient’s blood pressure (traumatic
arrest). By monitoring the trend in heart rate variability, the
traumatic arrest can be anticipated and prevented.

Another sensor of use for the trauma DTP is ultrasound,
according to embodiments of the present invention. Accord-
ing to C. Hernandez et al., CA.USE.: Cardiac arrest
ultra-sound exam—A better approach to managing patients
in primary non-arrhythmogenic cardiac arrest, Resuscita-
tion (2007), doi:10.1016/].resuscitation.2007.06.033, which
his incorporated by reference herein in its entirety for all
purposes:

C.A.US.E. is a new approach developed by the authors.
The C.A.U.S.E. protocol addresses four leading causes
of cardiac arrest and achieves this by using two sono-
graphic perspectives of the thorax; a four-chamber
view of the heart and pericardium and anteromedial
views of the lung and pleura at the level of the second
intercostal space at the midclavicular line bilaterally.
The four-chamber view of the heart and pericardium is
attained using either the subcostal, parasternal or apical
thoracic windows. This allows the individual perform-
ing the examination to select the most adequate view
depending on the patients’ anatomy. The authors rec-
ommend beginning with the subcostal view first as this
view makes it possible for the practitioner to evaluate
the heart without interrupting chest compression. If this
view is not possible then the apical or parasternal
approaches may be used during coordinated pulse
checks lead by the resuscitation team leader. A four-
chamber view is used in this protocol as it allows for
ease of comparison between the different chambers in
the heart, facilitating the diagnosis of hypovolemia,
massive PE, and cardiac tamponade (FIG. 6). Pneumo-
thorax is diagnosed by identifying the lack of sliding
sign and comet-tail artifact while looking in the sagital
plane at the second intercostal space of the midclav-
icular line (FIG. 7). For both the cardiac and lung views
it is recommended to use a 2.5-5.0 phased array trans-
ducer probe. This allows the examiner to use the same
probe for both lung, heart and if needed abdominal
exam. This type of probe was used by Knudtson in his
study involving ultrasound for the use of identifying
pneumothorax as an addition to the FAST exam, and it
vielded very a high accuracy in detecting pneumotho-
rax, yet still remained useful in identifying the heart
and abdominal organs. The protocol is best described in
diagram form. [see FIG. 12]

10

15

20

25

30

35

40

45

50

55

60

65

12

The caregiver selecting elements of the flowchart results
in the ultrasound sensor being activated and images pre-
sented on the computer tablet. Additional instructions can be
requested from the interface on either the computer tablet
and/or the defibrillator. Based on the selections and instruc-
tions, the settings of the ultrasound can be adjusted to deliver
the optimal images, according to embodiments of the pres-
ent invention.

Although five diagnosis and treatment pathways are dis-
cussed with respect to FIG. 3, the differential diagnosis/
decision support system may be configured to support
decision making and diagnosis with respect to other DTPs,
and may be configured to display and support various
combinations of one or more DTPs, from among the five
shown in FIG. 3 and others. According to other embodi-
ments of the present invention, each user may configure the
decision support system to use customized DTP for each
DTP option; for example, the user may change the default
series of questions/steps/readings for the Trauma DTP with
a new series of questions/steps/readings based on caregiver-
specific, patient-specific, geography-specific, and/or regula-
tion-specific treatment protocols. In this way, the decision
support system according to embodiments of the present
invention operates to guide decision making and diagnosis
for a caregiver in a way that accommodates various kinds of
DTPs.

For example, if a user selected the Trauma DTP option
from the screen of FIG. 3, the decision support system may
be configured to guide a user through a decision and
treatment pathway similar to that shown in FIGS. 13-25. The
user would then be presented with a series of further options,
such as “amputation injury,” “bleeding control,” “burns,”
and the like. Selecting one of these further options would
then cause the decision support system to enter and display
the particular pathway or pathways relevant to the selected
option. According to embodiments of the present invention,
the decision support system is comprised by a user interface
device, independent of a medical device or one or more
sensors, in a way which simply guides the caregiver through
a series of decisions according to a pre-established flow
chart. At a basic level, a medical device, such as a defibril-
lator, may include one or more decision support flow charts
and/or treatment protocols, which guide the caregiver
through various decisions, either with or without sensor data
or other data input. A graphical DTP may be included in a
defibrillator device as a reference document, electronically
navigable.

According to other embodiments, the decision support
system is informed by a combination of caregiver observa-
tions, patient information, and/or sensor data. Assessment
and/or scoring may be performed, either by receiving data
from the caregiver, or receiving data from sensors, or both.
For example, for a trauma DTP, the decision support system
may take into account pulse rate, breathing data, qualitative
breathing data, pulse rate, blood loss, blood pressure, pres-
ence of broken limbs, and/or compound fractures. Or, in a
cardiac distress DTP, the decision support system may be
configured to display a cardiac arrest probability at a
moment in time, which may be calculated and/or predicated
by the decision support system based on selected criteria.
The decision support system may also be configured to track
certain criteria in order to suggest treatment outcome prob-
abilities, for example suggesting the treatment pathway with
the highest or a high perceived probability of success.

According to some embodiments of the present invention,
a monitor, or a defibrillator/monitor combination, or other
similar device, may be configured to provide a graphical tool
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to configure the monitor to follow recognized rescue proto-
cols, for example one or more of the protocols described
and/or shown herein. Such a tool may be included on the
monitor or defibrillator device, on a tablet or handheld or
other computing device, and/or on both, according to
embodiments of the present invention. Such a tool may be
provided in a graphical interface, for example a flowchart.
The tool allows the user to configure the patient monitor to
follow a particular rescue protocol, for example by visually
presenting a flow chart for the protocol and allowing the user
to customize the protocol. For example, the length of the
CPR period may be configured by the user to customize the
treatment protocol. Such a tool may also permit the down-
loading and uploading of customized treatment protocols to
and/or from a monitoring device, which may also permit the
same customized protocol settings to be carried on a mobile
device and/or transferred or uploaded to multiple other
devices in different locations and/or at different times,
according to embodiments of the present invention.
Various modifications and additions can be made to the
exemplary embodiments discussed without departing from
the scope of the present invention. For example, while the
embodiments described above refer to particular features,
the scope of this invention also includes embodiments
having different combinations of features and embodiments
that do not include all of the described features. Accordingly,
the scope of the present invention is intended to embrace all
such alternatives, modifications, and variations as fall within
the scope of the claims, together with all equivalents thereof.
What is claimed is:
1. A medical system for determining by a medical
responder a diagnosis and treatment pathway in a pre-
hospital or acute treatment setting, comprising:
at least one sensor configured to monitor physiological
status of a patient and to generate sensor data based on
the physiological status;
a user interface device;
a processor communicably coupled to the user interface
device and the at least one sensor, the processor con-
figured to:
cause the user interface device to present a first screen,
the first screen displaying a first array of two or more
input elements, the input elements each correspond-
ing to a class of patients or the diagnosis and
treatment pathway;

receive, from the medical responder, a selected input
element based on a user selection among the first
array of two or more input elements;

acquire the sensor data and process the sensor data to
generate physiological data, the first screen also
graphically displaying the physiological data;

cause the user interface device to modify the first
screen to display a second screen upon the user
selection among the first array of the two or more
input elements,

the second screen displaying a second array of two or
more input elements that are diagnosis or treatment
pathway input elements for the diagnosis or treat-
ment pathway for the selected input element,

the second screen also graphically displaying the physi-
ological data in a manner that is both (a) different
from that in which the first screen graphically dis-
plays the physiological data, and also (b) according
to a customized template of the diagnosis or treat-
ment pathway for the selected input element,

the second screen graphically displaying the physi-
ological data in one or more of a size, scale, type, and
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position that differs from that in which the first
screen graphically displays the physiological data;
wherein the processor is further configured to provide a
differential diagnosis of the patient.
5 2. The medical system of claim 1, wherein at least one of
the first and second screens graphically display the physi-
ological data as a waveform.

3. The medical system of claim 1, wherein the selected
input element is selected based on activation of one or more
switches, wherein the user interface device comprises a user
interface screen configured to display at least the first screen
and the second screen, and the user interface screen is a
heads up display.

4. The medical system of claim 1, wherein the user
interface device is a touch-activated screen, and wherein the
selected input element is selected based on touching the
touch-activated screen.

5. The medical system of claim 1, wherein the at least one
20 sensor comprises at least one or a combination of an ECG
sensor, a Sp02 sensor, a NIR tissue perfusion sensor, a NIR
pH sensor, an ultrasound sensor, a ventilation flow rate
sensor, an EtCO02 sensor, an invasive blood pressure sensor,
anon-invasive blood pressure sensor, a blood glucose moni-
tor, and an airway oxygen sensor.

6. The medical system of claim 4, wherein the processor
is further configured to receive a caliper gesture signal
generated by the touching of two points on the touch-
activated screen at the same time with the same hand, and to
overlay measurement data onto the physiological data upon
receipt of the caliper gesture signal.

7. The medical system of claim 1, wherein the user
interface device comprises a visual input device, and
wherein the processor is further configured to recognize
gestures received via the visual input device as indicating
the selected input element.

8. The medical system of claim 1, wherein the user
interface device comprises a user interface screen, and the
40 user interface screen is integrated with a hands-free device,
and wherein the first array or second array or both of two or
more input elements comprises at least one or a combination
of the following pathways:

a respiratory distress or dyspnea diagnosis and treatment

pathway;

an altered mental status diagnosis and treatment pathway;

a cardiac distress diagnosis and treatment pathway;

a trauma diagnosis and treatment pathway; and

a pain or abnormal nerve sensation diagnosis and treat-

ment pathway.

9. The medical system of claim 1, wherein the user
interface device comprises a user interface screen, and the
user interface screen is integrated with a wearable device,
and wherein the first array or second array or both of two or
5 more input elements comprises at least one or a combination
of the following pathways:

a respiratory distress or dyspnea diagnosis and treatment

pathway;

an altered mental status diagnosis and treatment pathway;

a cardiac distress diagnosis and treatment pathway;

a trauma diagnosis and treatment pathway; and

a pain or abnormal nerve sensation diagnosis and treat-

ment pathway.

10. The medical system of claim 1, further comprising a
mobile computing device.

11. The medical system of claim 10, wherein the proces-
sor s part of the mobile computing device.
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12. The medical system of claim 10, wherein the mobile
computing device is a tablet computer, a smart phone, a
tablet/touch monitor, or USB touch monitor.

13. The medical system of claim 10, wherein the user
interface device is part of the mobile computing device.

14. The medical system of claim 1, further comprising a
defibrillator.

15. The medical system of claim 14, wherein the user
interface device is part of the defibrillator.

16. The medical system of claim 10, wherein the mobile
computing device comprises a protective housing, wherein
the protective housing comprises a first mounting feature,
the medical system further comprising a second mounting
feature configured to interfit with the first mounting feature.

17. The medical system of claim 1, wherein the first or
second array of two or more input elements comprises a
respiratory distress or dyspnea diagnosis and treatment
pathway.

18. The medical system of claim 17, wherein the at least
one sensor is configured to monitor heart sounds of the
patient.

19. The medical system of claim 17, wherein the at least
one sensor is configured to monitor breathing sounds of the
patient.

20. The medical system of claim 19, wherein the proces-
sor is further configured to differentiate between wheezing,
crackles, rale, and stridor breathing sounds.

21. The medical system of claim 1, wherein the at least
one sensor is a near infrared based sensor.

22. The medical system of claim 1, wherein the at least
one sensor is configured to measure pH of either tissue or
blood of the patient.

23. The medical system of claim 1, wherein the at least
one sensor is an ECG sensor, and wherein the physiological
data reflects heart rate variability.

24. The medical system of claim 1, wherein the at least
one sensor is a blood glucose sensor, and wherein the
physiological data reflects current glucose level.

25. The medical system of claim 1, wherein the user
interface device is a heads up display.

26. The medical system of claim 1, wherein the user
interface device includes a display projected onto a user’s
glasses or face shield.

27. The medical system of claim 1, wherein the user
interface device comprises a user interface screen, and
wherein either the first array or the second array of two or
more input elements comprises at least one or a combination
of the following pathways:

a respiratory distress or dyspnea diagnosis and treatment

pathway;

an altered mental status diagnosis and treatment pathway;

a cardiac distress diagnosis and treatment pathway;

a trauma diagnosis and treatment pathway; and

a pain or abnormal nerve sensation diagnosis and treat-

ment pathway.

28. The medical system of claim 1, wherein the first array
of two or more input elements comprises an acute care
diagnosis or treatment pathway, wherein the selected input
element corresponds to the acute care diagnosis or treatment
pathway, and wherein the second array of two or more input
elements comprises at least one or a combination of the
following pathways:

a respiratory distress or dyspnea diagnosis and treatment

pathway;

an altered mental status diagnosis and treatment pathway;
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a cardiac distress diagnosis and treatment pathway;

a trauma diagnosis and treatment pathway; and

a pain or abnormal nerve sensation diagnosis and treat-

ment pathway.

29. The medical system of claim 28, wherein the second
array of two or more input elements comprises at least two
of the following pathways:

a respiratory distress or dyspnea diagnosis and treatment

pathway;

an altered mental status diagnosis and treatment pathway;

a cardiac distress diagnosis and treatment pathway;

a trauma diagnosis and treatment pathway; and

a pain or abnormal nerve sensation diagnosis and treat-

ment pathway.

30. The medical system of claim 29, wherein the second
array of two or more input elements comprises at least three
of the following pathways:

a respiratory distress or dyspnea diagnosis and treatment

pathway;

an altered mental status diagnosis and treatment pathway;

a cardiac distress diagnosis and treatment pathway;

a trauma diagnosis and treatment pathway; and

a pain or abnormal nerve sensation diagnosis and treat-

ment pathway.

31. The medical system of claim 1,

wherein the processor is further configured to present on

the user interface device the physiological data accord-
ing to a first graphical display, and

wherein the processor is further configured to customize

the presentation on the user interface of the physiologi-
cal data based at least on the diagnosis or treatment
pathway for the selected input element by presenting on
the user interface device the physiological data accord-
ing to a second graphical display that is different from
the first graphical display in a manner that is based at
least on the diagnosis or treatment pathway for the
selected input element.

32. The medical system of claim 1, wherein the one or
more of a size, scale, type and position is a position, and
wherein a first position of the graphical display of the
physiological data is at one of the top or the bottom of the
first screen, and wherein a second position of the graphical
display of the physiological data is at the other of the top or
bottom of the second screen.

33. The medical system of claim 1, wherein the one or
more of a size, scale, type and position is a type, and wherein
a first type of the graphical display of the physiological data
is an ECG waveform in the first screen, and wherein a
second type of the graphical display of the physiological
data is a carbon dioxide plot in the second screen.

34. The medical system of claim 2, the second screen
graphically displaying the waveform in one or more of a
size, scale, type, and position that differs from that in which
the first screen graphically displays the physiological data.

35. The medical system of claim 34, wherein the one or
more of a size, scale, type and position is a position, and
wherein a first position of the graphical display of the
physiological data is at one of the top or the bottom of the
first screen, and wherein a second position of the graphical
display of the physiological data is at the other of the top or
bottom of the second screen.

36. The medical system of claim 1, wherein the processor
is further configured to provide an automated differential
diagnosis of the patient.
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