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FIG. 8B

g UIC
SPARE1 VCC O—— 8 CCLK
1_0_‘
TP16 4 74HC132
O— 4 uB
g TP18 EXTAL
. 1 AN TPG
‘ 74HC132 10 MEG XTAL O
[PULLUP14> X1 1
SPARE2 XTAL
c1 I D - c2
——6.144MHZ —
P7 18PF T T 18PF )
O MRESET / HDOUT = =  ADO 9
1 CPULUPE] (DT
o VeC /HDO L AD3 10 ]
o)
]c3 /" AD5 14
- RESET\ 17
us 1 XIRQ 18 9
PULLUP2 >—Hea™ 2¢O
il |a PULLUP3 =
—JHR HDO D
§7]YGC RESETg
1 “em pro pY L™
= NAYXTOB JUMPER,
' WATCHDOG
SUPERVISOR
veco ENABLE
VCC 1 UIA A A A
2
- 74HC132

n/

15



US 6,398,727 B1

Sheet 14 of 68

Jun. 4, 2002

U.S. Patent

_ LV} LOHE9
[g1-"8lv [sL - 8lv 102
6
O— )
_caamnd M NS ] m_&mmm__
0} AVId] > 11 anTind SV SEly v oad
6 F>§ £dl VIV  O¢ eLV /Sad
yRLETERTRIT Tay S gkdnTind %m —Ev v
- s < 7hdnTind 4NL0°0 clY BE| ) viead
eldnmind] 00A +| 99 LY 8810y )zad
5 | JUVdS 2zidnTind = T MUY 0P ey
y NIbsq/ >eeniie B Vv +8d
LLldnTINd 4nk &Y Wl ovi08d
3 NG IWNTOA S ren i) oV b
0LdNTINd 80 ONY /03d
z dN IWNT0A aNea £
-l YNV / ¥3d
[ ! w O ? vy
Y odL} gp| NV 13d
: 20A =7 |GNV /63d
_ 2N
\|||||III L
0L NOLLNg GioH /Ny >-SdTind ,
6 NOLLNG [N3AZ >—DaLLae ? X
8 AVId/ > e nd 103130 HOLIMS ¥aMOd
L O3] > canTing| N
9 <8:V||||§3._2 ( D0TVNV) TVNSIS NIMS LOL
> edTINd 2
m om__w_h SSATINd (90TVWNY ) TWNDIS dS3Y .
z AwSon_gu_n_ T70A HOT ~—dNTiNd (90TWNY) TWN9IS 903
]
oo 08 9Ol

16



US 6,398,727 B1

Sheet 15 of 68

Jun. 4, 2002

U.S. Patent

S <|

F zeioHy, 4 NidOLOND ¥l Nid 0L 8>_
€ 2l VIV Wig3s X0
- m RS v1va
VIVOXO [ b —gin TVI¥3S X0
P4 w0 + INI" LYV
" "H3dWNC
B ® A €e ||0Nn=.o ANl LYVN/
QH/ LTV / WEVTV % NOLLNG GOH NN <_NOLLNE GTOH/NNY |
a31
a1 oz NOLLNG IN3A3 <. . NOLINGIASAS,
1dNTINd 0ig
0 005G TTONFOT 1IN0dO¥d 1TOAHOT]
, [£"0lav h
~{NaLnHS 101> .
37 NS LOL > Nainks 101
r|\
NOLNHS IV > e oy
PNIVD OIGAY >
<__yNIVD 0I0NY \
ZNIVS olany > 2
Toes s S CNIVO 0lany 1
TONINOD~. J9Vd WS e e e e e
NO ¥3MOd TOUINOD | | WHOH| NG G 6666 Q2 XBO0
e NO ¥MOd | mmmmmmmwmmmmm A
—~— Sy Sy Sy Sy e W) ~ ~—
VoV - N -~ 0 ~—
ER83EEE “Egge .
N —
23223 W as ol
\I/.\\/lL

17



US 6,398,727 B1

Sheet 16 of 68

Jun. 4, 2002

U.S. Patent

\\\l/.\\
T VI B0 02| gvq DO [ -
WAVIY 63/ 12| ev T
(WAISIE SO/ pcis o er| M4 1S9 O
: oTior G| M HIY i
30I0A 50/ _oz] LVd Iy 103
[G1y SO/ > ovd  Jzz
o =9 1 Jad AV CITTAN
\ 02V HSV1d €S| o5 VWY o\
[/ 6LV HSV1d ¥5| oo 2<§
/__8IV HSV1d GG| onn Nzl;
/LY HSVId 66] £oS SMIETTTAN
YAUSIOI IOVd |/ OV HSVIS 46| o UMETERTAN
AYOWNIWHSV |/ 61V HSV1d 8| | 4o Y o ev\
¥V HSV1d 65| oo A
eIV HSYI 03] S . )
Cw | 04 9V i ety L8V
A QY Iy sav \]
W _ey] 'Y s vav \
v ¥1| 2od A AN
g m kY P VR TAN
) /o] ke v I8 v\
2 00d oav
o 6 0av\
/ N

N ry

~ [ olav <1z 0lav]
ERIE

18



US 6,398,727 B1

Sheet 17 of 68

Jun. 4, 2002

U.S. Patent

0z mme%: = N — < NOLLNG G1OH/ NNy | =
W oA — — < NOLINg INaAT] L_gneq)
gb— 90A < GNMALHOLMS WHd]  HOLIMS 99
LDO— —< YAY3L HOLMS YHd] 440/NO
Biz| 80— NG NWNIOA HOLIMS LHOiove  ¥Md WO G ooA
— | SP— dN NWITIOA HOLIMS NMOT NWNNTOA
m O— NOLLN@ 010H / NNy HOLIMS dn NWNTOA
s NOLLNG INIAT HOLIMS GT0H / NN¥
e @3 HOLIMS ¥Hd HOLIMS LN3A3
VIR3L HOLIMS ¥Hd HOLIMS 440 / NO ¥Md
n LidMind ANV INOYNA
| Zoianmind] HOLIMS SNVHEWIN OL
b
< M“_ﬁﬁnu_ ZW0Sd ISM =
"_5.0 W one s
O0A ? 00A aNo -8t
” °T 25
O0A 8l J0A AGALSA mm
mn 0 NG NATIOA
— ¢3d & dONANIOA  —35 gva7903
VN o V22 434 [ L& HOQVIIO03  >oqaTasTy
T3co >—iINl VL 97 ead P [ee ddoavatdsay SO
au/ 330 L7 zad g e INI LMV INLLHVR
08d 9¢ v S JV)
HOLVIA SO/ 09 03d ¢ T < ABIAY
\\\Ill/.l\l
A VoY m w w — m v

19



U.S. Patent Jun. 4, 2002 Sheet 18 of 63 US 6,398,727 Bl
S AD[0..7] FlG 8G
< A[0..7 N
N FLASH[A[13]20 ) AlD-.7)
R - 201 < FLASH A[13..20]] ovce
POT1 J3
LCONTRAST M ; TO 1X16
CONTROL CONTRAST
j_‘IOK POT A7 —33 | CHARLCD
TC51LCD Qg MODULE
ADO B |-
N AD1 —Q 8
N_____AD? 99 |2
N S— |
AD4 d 11
[\ AD5 —J12
N AD6 J13 | PN 15,
N\ AD7 44 | BL-CATHODE
Vee "J 15 | PIN 16, ANODE
. - R3 R2 Ri—Cq16
BACK LIGHT CONTROL 220 HEADER 16
. BKLTCIRL |E 61
< 1 ™ 2N7001
VCC
?_‘ c% 1
0AUF =
- — —
||— U13
AO 3 2 10 Lo
DO 60
Al 4 5 LN\
N efe
| NA13) D2 B N
| NAe 17| 2 R[e e\ °
A7 18 D7 &7 O LT\
| +=doc N
S | CLK /le
74HC374 12 .
| 133
AL L ~

20




U.S. Patent Jun. 4, 2002 Sheet 19 of 63 US 6,398,727 Bl

c9
0.AUF =~
I
—— ——— | c10
us ‘l _:ILMUF
NI REC |f PULLUPS
G\/B 4|2 XK |
‘TN /15|43 RECLED o |
BN\/15_6 B (23
A5 PLAYL <PULLUPT]
Y Ny N2 |
=R s |NC ANAOUT 7
Lio| A6 ANAIN (25 ;
| AL ACC g
121 NC_ MICREF |22 |
= vssp  mic I
12| VSSA  VCCA |12 HIHES
o1 SP+  SP- <PULLUPZ]
DN 20 TOVCE sp.+ 15D1420 REC / PLAYBK I
_ PIN10 TO GND| | / CS VOICE P Vi I ESI[_I[BE%
N IN5818-" /PLAY [ D10 |
¢ J7 1N5818
\E{C\ﬁ-c T 2t | <PULLUPTB]
S eRMICREF
NER > a5__ACC |
N\iEge. 1P ANA OUT I
—— \Ee-c 11 12— -
| g BB TRec l ovee
TRI - TRECLED !
STATE . +——Q 17 18D
I L—d1e 2op[PAL | pon
R |~ HEADER1OX2 =

21



U.S. Patent Jun. 4, 2002 Sheet 20 of 63 US 6,398,727 Bl

FIG. 81

AD[0..7] AD[0..7] .
— ECGG2V/HV
}Eggf\\”m < ECGG IV/HV ECG LEAD OFF
v
[TCT SHUTDOWN > &1 SHUTDOWN ECG SIGNAL

[TCT PREHEAT _>-1CI PREHEAT

[f6384 KAz > 10384 KHZ
J2

1 0O
3 TCT SKIN SIGNAL
3 b—
4 O
° m
6 O
7 b—
ECG LEAD OFF
8 B TiEcesionaL <TCTVHR]
10 B TCT SKIN SIGNAL
11 5| |TCT HEATER SIGNAL
12 5| TCTVHIR |
13 5| |RESP SIGNAL
14 [>— | |[RESP SENSORDETECT L« RESP SIGNAL]
15 8 OX SERIAL DATA 7<RESP N T
17 jﬁ\
17 0— OX SERIAL DATA
18 0D
19 b—
BOARD-TO-BOARD 5(1) 8_
INTERCONNECT
% B PGND
23 D+ [PGND|
24
HEADER 24
‘ V((_I:)c
B[% \l;(::m ==Cc17 -
ISOLATED + 5V
DGND 10UF
v O
[RESET >
<— [IRTSOUT >—-——
—> [ICTSIN
<— [RXDATAOUT >

—> [RXDATAIN >-

22



U.S. Patent Jun. 4, 2002 Sheet 21 of 63 US 6,398,727 Bl

FIG. 8J

BT2 F1
T HH O\ Oo———
= 3VNICAD PICOFUSE ..5AMP
vee VALARM
T D2 Re Q
ANAN—
iNsg1g 100 c10_l
DATA 0AUF T
1=POWERIS =
OFFICIALLY UP
0=POWER IS
OFFICIALLY DOWN 4
| U10A
 ADO 2 PR Q 5 HI_ON
’ u10
[/[C5ALARM  >— 3ok —le VALARM TO PIN 14
CL Q™ | DGNDTOPIN7
1j’ 74LVC74

26

vCcC
DI
T PWR SENSE
, ﬂ. .
1N5818 ¢ RS
100K

‘ SP
VALARM AC
10| u1oB i

i 12 9

VALARM | 12[7PR g]9_ 2N7001
11
R6 CLK _ig
100K cL @

- 13T 74LveT4 |
/HDO> THDO [t oN7001

23



US 6,398,727 B1

Sheet 22 of 68

Jun. 4, 2002

U.S. Patent

IEOHPL -
=
s =| 50 o1 oviaso/ Azl
o o— . : :
} o L . 66y g6y
g D29 6klgg gq (8 LAV | | Ld |,
88709 al]ay og [L8aV\ an
1¥od §9_Gi Pl SQV N L . VSOEZEXVIN
00457117 YA e vay
yO-£2 6179 zg
29 9 L Zav\
E0—a——<1}9 1d arin
20—o—31% 00 5N g ,
O - ZNIVO
or ZNIVO A olanv
0} Nid OL ANSQ - . olanvy
0Z Nid OL DA | 4nb'0 | .
a0 | v2oT we6rs SOl
¥31S193Y D1LSONOVIC % o ey
W6'6¥ ye'ey N0
O0A TOMINOD| . RAAS +— <+ df]
= 14| i ¢79
IS ONY | T401°0
UNdS OL P
NMOGLNHS 01NV
A1 T WmoaLnRs oianY :
Ogon
Y667
VaVa V.
, - )8 'Ol

24



US 6,398,727 B1

Sheet 23 of 68

Jun. 4, 2002

U.S. Patent

, < RSV 301
L — [
¥/ S_¥H]]
< 1uvnsaJl
LAVN SO/
S EYZE
s -
cav Sl po/1 wm>i| =
S0/1 €0/ ._.|||I
QY St g0/ o/l EEoy N\ [aNod]
oav gy |£0/! WO/ oqy N
ave 180 Vv N
izl 30 Wig v\
vz %Y e N\
] 0 W\ 208
siweel WY e w N\ 5
6y £ gy
8K v\ 99A
a1 ARV AT TERN
aver| &Y N v N\
L owx w"« ¢tV < 39Vd NS |
82 ] 30vd | NS
M
; AN T N <Trola>
¢ VRN AN [ 01V
STy N —<Tsi " "01v]

18 "Old

25



U.S. Patent

Jun. 4, 2002

FIG. 8M

Sheet 24 of 68

e

US 6,398,727 B1

-
& ANNNNN
vgc PULLUP12
TP13 )
| C16 TP15
TP12 CD T OAUF DSR
11 gl =  /DSRIN T1
22128 L 7D5RIN
/CTSIN
| RI /CTSIN
6/5(4]3|2]1 (L us
VCC
O o (&) o @ w O TP14
2B¥5828=8385 JOR
§ DS Iios RESET |53 RESET <TOTROUT]
NCAD7 | 9 gg 8%87/0TROUT
191 Rewk RTS D gg [RTS OUT TRTS OUT
a1 NC NC =&
13 225 33 UART INT
X = INT UART INT
121 cso RXRDY [-32 RXROY UARTINT |
CS1 AD
¢ }? a cs2 A1 29 2; ? ;';EDY
O BAUDOUT A2 1
>
- w3 |16C550 UART
= g :(g = O g xR E
=0 =0 0 TP10
= e |ON|ONI[ON|ON [ON [N [N [N N
f TXRDY 1?
S
[RXDATAN]

26



U.S. Patent

FIG.

Jun. 4, 2002

8N

Sheet 25 of 68

US 6,398,727 B1

CCLK
CCLK RTH ﬁ:
l RESET: > RESET

[FLASHA[13..20]>

FLASHA[13..20]

o

- / CS EXTSRAM
[TCS EXTSRAM > s ExXTSF
X2 VCC O
L] i | |ECR
= 0.UF
32.768KHZ | 2 ‘;(‘}UT s\g:v% 2 o.u
3 2277 | cS SRAMBK
X2  CEOUTD
\_ADO 4/a00  ceNpZ
(_AD1 5 207 1~ BAT 3V
AD1 BC
L AD2 6 19
AD3 71AD2 54 INT O
A4 g|AD3 = RSTDz=
N
AD4 DS
—AD5 9 16
AD5 VSS
AD6 10 15 BT1
AD6  R/H |
AD7 1] h00 T = av
12| yss csh13 LLITHIUM
r SQ4285 RTC
L
[TCSRTS > L‘;s RTS .
I:EQ%:\ R/H JRTC_INT
B ECLK 1j>

27

OTP9
1| SQW_OUTPUT
16.384 KHZ



US 6,398,727 B1

Sheet 26 of 68

Jun. 4, 2002

U.S. Patent

SILAGN Z AN
HSV14 08800482
[ ev Y
HE
w_ee | 1Y % 8 v N\
= owv_w |V N N T
1 /o0a _Se | wmm M« TR
/10092 | EG AR
U_E.o% /700 iz | ¢4 OY 3101y 4400 | 400
wo— | |/coa ez |0 WY e v\ G0 =€l
B 62 ] aNo dy Oﬂ. H
'e—| 09A 0A [~} oom
o 100 === 30 Pp——
\mmm MM mwm e ME m 7V
SNLVLS ASNG % mwo ve | Jod L« L EVHSYIE _\
AB\AY em o DUIPNIE A VHSYI N
\AY ,£9 30 oV I QVHSY1d  \
—=£2q 34 LIV
“ge M LV ¢ LVHSYIE  \
4 6 | N BV e SIVHSYIE N\
oy } BIVHSY1d  \
20A m
0ZYHSY1d  \
AN

08 'Ol

%

—

28



U.S. Patent Jun. 4, 2002 Sheet 27 of 63 US 6,398,727 Bl

FIG. 8P

At 5VE

ISOLATED +5V R »
FROM DC / DC CONV 100K | o
AT PCM2000 CONN D5 100K
o ¥ NSO10 =
|OFF-BOARD ] o4
COMPONENTS D4 F2 SUD45P03-15
| P1| 1 —\ o At ¢
INSO10IAFUSE | [o.o =
| = | RESETABLE | $io
IBATTERIES 2P0 | ZPN = R10 ¢ » . R12
3 AA CELLS MKE Q55 (R
I 2N7001
p POT2 |
L P [so0k
JUMPER,
vee PWR ON 21—«»—5
c19
001UF|
ims »
[DGND}—2CEND al [R

~hA

IS

29



U.S. Patent Jun. 4, 2002 Sheet 28 of 63 US 6,398,727 Bl

FIG. 8Q

E
. LINE DETECT (ANALOG ) < TRETETECT
LOW BATTERY DEECTTO UG
R14  MONITOR (ANALOG)
o <_LOW BATTERY MONITOR |
5 . BATT VOLTAGE
J_+ TOUCA/D
T c22 FOR LOW BATTERY
L 470F g
U1 3300H VCC VCC SOURCE
1 8 D9 O  +s5v
¢~ SHDN  LX 8
245 ourl® INS818
1+ $%1  LowvoLr
| 5a solt c21 /~ DROPOUT
7 . 3 68UF ToUC
GND RCF 6.3V 1 = POWER OK
1 4 0 = POWER DROPOUT
c20
LOW VOLT
5 | DIa GND SOURCE DROPOUT
$ = JUM;ER —— <_PWR SWITCH TERMA |
O y
o GND JUNCTION FROM POWER
—— < PWRSWITCH TERMB |
& P4 JUMPER,
sIQ %%% Buncnon 7O UC POWER
[SGND| SWITCH DETECT
POWER 0=POWER SWITCH
D7 SWITCH DEPRESSED
5 ! |“r5‘so 0 \DETECT _~POWER SWITCH
D6 DETECT
' R16 R17
1N4140 100K 100K ﬁ%m POWER ON CONTROL
= St | FROM UC
= 1= POWER SECURED
POWER ON CONTROL 0 = POWER TERMINATED

—<__POWER ON CONTROL]

30



U.S. Patent Jun. 4, 2002 Sheet 29 of 63 US 6,398,727 Bl

*_s
+5VG
DPK1 | DPK2 | DPK3 | DPK4
J5 |
+5VG ¢

; OO L5 Re5 1K 77 {
3 B FERBEAD ,

4 0— |18 R46 1K
i e FERBEAD . —
DIN L7 R47 1K ;
6PIN FERBEAD —$

L8 R48 1K
FERBEAD Tou oo |oss F‘"
“T100PF [100PF [100PF |100 PF

31



U.S. Patent

Jun. 4, 2002

FIG. 8S

Sheet 30 of 68

US 6,398,727 B1

oK +ESVE)
12 c29
§ 33
’ T e H
1
us & C30
1 8 T3
5|01 D2 [ PGND
3/GND1 GND2 [
-4— F5 VvCC 5 +5VG
+—5D NC
MAX845
R53 < R78
+5v6 77 100K 100K
XD IN < RXD]
0C3
R4S LRS5O tﬁ& OPTO
100K S 100K ISOLATOR
. R51
) 10K /CTSIN
~ < CT8]
; l - 0C4
-~ :ﬁ\ﬁ OPTO
$ ISOLATOR
R52
—9 10K mB
‘_’L 0C5
v OPTO
' | IsoLAToR
R54
]
10K
0Cs
X/ & OPTO
’ ISOLATOR
R55
355 RTSOUT e
10K

32



US 6,398,727 B1

Sheet 31 of 68

Jun. 4, 2002

U.S. Patent

BI2121 i
|
_
-IA _
A \ _
P . +(g |
Tl- N _
any |
M0z |
6y _
_
_
A _
27 |
I _
02 ¢ ', . M |
8y 20 #8 av3 el 003 |
_

L HZ /0T
: T. [4 v _
b b N * AN~ |
® % ¥ vin mse oo} Ao% |
* |
= oy sd y ¢ o %E JHA _

6°0L = NIVD AW_

¢ - WZEE |
0 —  —T>+ A _
10 \/ +IA 9 |
¥ NOILO3LOYd 81430 |

33



US 6,398,727 B1

Sheet 32 of 68

Jun. 4, 2002

U.S. Patent

Y31d1NdWY 903

FOL¥8') =NIVO

0903
ldl

34



U.S. Patent Jun. 4, 2002 Sheet 33 of 63 US 6,398,727 Bl

U11A
FIG. gC 2{)<1
i
| U11B
| | 4 3
Vi+ D11 |
D10 T1 C20
2o e el o JE TG
220 6 5
D13 D12 XFRMRCT| | il

c40 1N4148 | 1N4148 N ut1b

Vi-
UIE
s_ ] |>—10{)<ﬂ-0
UI1F
—uoﬂ_& R33
3 POLE LPF 100K |
FC = 50HZ '

P2 c18

ECGNTCH | | TP5

039 ECG SIG
R32 12 U3D A
0K 300K | M ECG SIGNAL
c17 Cc19
g.oza .0027$
® h
s-———o
2 R17
10K
A\
VR

35



US 6,398,727 B1

Sheet 34 of 68

Jun. 4, 2002

U.S. Patent

~

AS+ 10PN AW/AZ  MA
[AHTAZ 9903 > NVD A
N -
[AH/ A} wmom\%;_
NIvo| 9 4
_
_
“ g 1
_
| avn vin
| § 1
| v_smw oSS 0ie
“ o2y YRR 4
|
_
| | $N608 g0 YA
_ S 1
_ M | 4] H 189
| _ . (X4,
_ . %619 | ! T I
| 8 | % 3 | 1903
_ anoo3 e | 1o
i H3LTI4 HOLON jdL | c0m0s
0% /0Z/0b = NIV
gaLvIos!

36



U.S. Patent

FIG. 10A

TO 216

BEAD

Jun. 4, 2002

Sheet 35 of 68 US 6,398,727 B1

VR

R56 RP3 TSKIN
221M 5K GAIN

—— c48 gRBG
100 PF 2.21K

FER —= OFFSET ,
BEAD

100 PF P: 100 PF 5| 9®
R68

= THR
L10 RP5 GAIN
FER ——C49 gn9 RPA 5K
BEAD | 100 PF »
RE5
O—— AN
A 1250
L12 TH- 01X
FER
BEAD 5y Loy
R67
6 47DK AF
TCT_SHUTDN|
F1
FUSE .1A
RESETABLE
C51

NN

100K

37



U.S. Patent Jun. 4, 2002 Sheet 36 of 68 US 6,398,727 Bl

VCC

¢ FIG. 10B

VCC

c
. TCT SKIN SIGNAL P
5 6 R62 R63
ANAN——

v 10K | 49k L

VCC C32

I .01
TH4-THp

3. UsA 1? f D
2|’ <TCTVHRP
11 |
TP8 =
THIR R61 R73
— AN
Cf1 10K 469K B
; . < TCT HEATER SIGNAL |
U7-161-vCC vCce
u7 Ur81-GND  TP3 ' 1
—[PP__CIN TWF C34 (R76 |D9
2 1
~5 P1 VeouT——— |7 $10K
Blpp  sn4 v
IGND  vCC
6
CX—c3s +121RIG DCHG
9 7_| T.0047
N VCOIN 155 1? 3our  THRI®
O bEMO  R1 . 14 5
P4 150K L
HTRDRV |, .
5 Py —

38



US 6,398,727 B1

Sheet 37 of 68

Jun. 4, 2002

U.S. Patent

|
gzo!
M10€ .
ery =
b
- N or——
TVNOIS dS3Y _ } + 80¢
o ovsn g
OIS dSTH - -
bidl 10" - T Y3d
T i = 4000l 7i7¢ SENIQINIA
o £ €
0z ¢
00> - r——A NN . 4 v
ZHSZOL) = M8 - er
138440 M0Z
. b o
- H %0}
€20 sed
A
103130 HOSN3S dS3Y M i n§T <v _‘ .O_n_
130 SN3sy

Oldl

39



US 6,398,727 B1

Sheet 38 of 68

Jun. 4, 2002

U.S. Patent

138XO0
Edr
T dil "ol
_ _ _M3aVaH +—
__. e n evo
+
e
| s anoe
e

_ 13S3 680 YOLIINNOD
B B
| 2 1IN0 VId3S TNOIS S00IGOIOAd 6|~ -
| 0p— SVig 300/001OHd_61
! o— y
| s TS VNOE 8]
| ‘s N IE LI
l3naon | ¢ B _ aEHS T8V L]
| 2088 | 10 | Tk HOSNaS 61 O

N d _9]
| NINON m D e
| e HOSN3S

- 20dS

-~
r

40



US 6,398,727 B1

Sheet 39 of 68

Jun. 4, 2002

U.S. Patent

ve mmn?m_r

¢N

— ONMTIDOMNOM

m>m+

n_zon_

=

——{ONSS]

(1744
aNOS 179

tldl T

*—e

920 —

R
— 30A

Q0A «

~

O
-
LLY
[72]
i
2 d

)OT
0
Z
1
7]

1NO S/

NI SIO/

1no axl

axd

vivd Tvid3s Xo

103130 HOSN3S dS3

TVNOIS dS3Y

HA 101

diHA 101

TYNOIS ¥31V3H 101

TYNOIS NS 101

L« TWNOIS ¥31VaH 101 |

TVNOIS © 933

3440 dvd1 © 903

AN/AT D 903

ANTAL © 903

Q0A

NALNHS 101

COOO0O0OO0VOCCOCOO O OC

1VaH3ydd 101

aNod
ZH) 02

-~
-

e

_||§<zo_m NS 101

< ANTALD 993

<”NALNHS 101 |

—<1¥3H3¥d 101 |

oll Old

41



US 6,398,727 B1

Sheet 40 of 68

Jun. 4, 2002

U.S. Patent

$S300¥d NOILO3.130 Mvad
WHL-OOTV 3LV NOLLVYHIIS Y

ayvaq  STIANVSVLTIA/009 = 3LV HLvaNE
ST1dINVS V1130

VHIXVA VOO
V)v3ad

>

«

\ }

¢l Old

£4410

aNIM
103arad

i
-l

aNIM 130 TIVIAS

| o

~"ONIM 130 398V

INIOd
HOYV3S

42



U.S. Patent Jun. 4, 2002 Sheet 41 of 63 US 6,398,727 Bl

FIG. 13A
¢<

MOVE ALL RING BUFFER 602
POINTERS FORWARD. CLEAR FLAG.|”

!

PERFORM LARGE | 604
WINDOW DETECTION |/

6 608

SET FLAG

PERFORM SMALL | 610
WINDOW DETECTION

612
TRIPPED 7 614
618
ya _
NO PEAK DETECTED, .
616 CONTINUE WITH SEARCH

620 | PERFORM NARROW REJECTION
A

WINDOW DETECTION
r 624
622 DO NO SEARCH, UNTIL
SEARCH POINTER HAS GONE |—»
PAST THE PEAK
626 \ FALSE

LOCATE THE LOCAL MAXIMA OF THE PEAK,
MARK IT'S RESPECTIVE SAMPLE NUMBER.
SUBTRACT THE LAST PEAK'S SAMPLE NUMBER
FROM THIS ONE.

i )

43



U.S. Patent Jun. 4, 2002 Sheet 42 of 63 US 6,398,727 Bl

FIG. 13B

630)
TRUE | FAILED RESONABLE VALUE,
IS DIFFERENCE < 107 IGNORE THE PEAK, |—»
628 CONTINUE SEARCH
TRUE | _FAILED RESONABLE VALUE,
BUT RECORD THIS PEAK AS A
?
IS DIFFERENCE > 1407 REFERENGE FOR
634 FUTURE PEAKS.
638 PASSED - -
(| SAVE THE MAXIMA
SAMPLE POINT
AS REFERENCE. 640+
PERFORM THE DO NO SEARCH, UNTIL
WEIGHTED AVERAGE. | —{ SEARCH POINTER HAS GONE
CALCULATE AND OUTPUT PAST THE PEAK
THE INSTANTANEOUS
BREATH RATE, AND
THE WEIGHT AVERAGE
BREATH RATE

44



US 6,398,727 B1

Sheet 43 of 68

Jun. 4, 2002

U.S. Patent

¢S | v1va dSTN INTHHND ¢ a31avN3 dS3Y ¥O4
44N1S NV 139 vLva TINN 44nLS
\ 8
985 | v1iva Lol INT¥NND 101 ¥04
N J4niSanv 139 VLva TINN 24NLS
8es—" NOLLdINOSY3d
INTHEND A€
_ a31dvsia/ a31avNa
/1 v1va Wixo INZHHNO AMLIWIXO ¥O4
oes | 44n1SaNv 139 vLva TINN 44Nn1S
\.zes

\a
Y25 | 37@noa oL INIOd

0 44N8 - ¥344n8

} 44nQ - ¥344N8
3719n04 OL INIOd

(44

| (wwasazv NO LIvM )
ANOO3S ¥3d 3ONO 025/

9z

V¥l '©Old

45



U.S. Patent Jun. 4, 2002 Sheet 44 of 63 US 6,398,727 Bl

I FIG. 14B

GET TIMESTAMP FROM RTC 546
AND STUFF INTO RECORD | ~

550
TRUE T'SET 10 SEC DURATION |/
548 TIME ON FIRST DETECT
FALSE /56
RESET ECG ALERT SERT
558 —

PLACE CURRENTECG | 560
GAIN VALUE INSTATUS |/

v

UPDATE RECORDWITH
MOST CURRENT STATUS | 562

v

ADDITIONALLY SET STATUS| 564
70 'PRETRIGGERED" |

RECORD RECORD TO THE \
FIFO MEMORY USING 566
FIFO INDEX

0

46



U.S. Patent Jun. 4, 2002 Sheet 45 of 63 US 6,398,727 Bl

FIG. 14C ®

INCREMENT INDEXAND| 568
REMOVE "PRETRIG" | /
FROM STATUS

570

IS RECORD

[FALSE ~_FLAG SET?

[ RESET RECORD FLAG |~572

PERFORM RECORD 574
WRITE TO FLASH

[MOVE INDEXES}— 576

f 580
FLASH HEAD INDEX SET MEMORY
= TAIL INDEX? FULL ALERT
578
RESET MEMORY| 582
FULL ALERT
( 586
INITIATE A 64K
WITHIN 62 RECORDS JRUE | BYTEBLOCK
OF NEXT 64K FLASH ERASE OF
ERASE SEGMENT? UPCOMING
SEGMENT

588
(END OF LOOP )/

47



U.S. Patent

A 3 SERIAL
CHAR BURST
EXPECTED
EVERY SECOND

Jun. 4, 2002

700
BEGIN LOOP

Sheet 46 of 68

FIG. 15A

SET TIME REFERENCE

704

708

GREATER
THEN 1 SEC
ELAPSED?

712
MORE THAN
1 TICK ELASPED?

/ 716

PUT RECEIVE CHAR

IN OX BUFFER, INC
COUNTER

706

RESET CALC FLAG |

710

SET ALERT
(COMM PROBLEM)

/~ 714
RESET BUFFER
AND BUFFER COUNT ™™

Vs 720
SET CALC FLAG
COPY DATA INTO
PUBLIC BUFFER

48

US 6,398,727 B1



US 6,398,727 B1

Sheet 47 of 68

Jun. 4, 2002

U.S. Patent

| 1y3TV 138

e, il

d3NIL 138

'Ov1d 138
\gz.

dGl

Ol4

¥

A ovid 13s
ogs |'L¥3TV L3S

¢03S 0} NVHL 0N
J31SIS¥3d L3V

<Z0dS aveivivaave
ASNd AvaMovil
ava/avay ave

INIWNIOVNVIN
SLH3v
WXO4¥3d

49



U.S. Patent Jun. 4, 2002 Sheet 48 of 68

@

FALSE

FIG.

736

CAL FLAG SET?
AND ALERT NOT
PENDING? AND
PRESCRIPTION
IN FORCE?

HEART RATE >

US 6,398,727 B1

15C

PRESCRIPTION /142
LOW LIMIT? SETFLAG,
SET TIMER TO
PRESCRIPTION
DURATION
RESET FLAG
TRUE (746
748/ DURATION SET HEART RATE| |
EXPIRED HIGH ALARM
FALSE
HEART RATE < TRUE
PRESCRIPTION /754
LOW LIMIT? SETFLAG,
SET TIMER TO
PRESCRIPTION
DURATION
RESET FLAG TRUE 756
760/ DURATION SET HEARTRATE|
EXPIRED LOW ALARM
FALSE

50



US 6,398,727 B1

Sheet 49 of 68

Jun. 4, 2002

U.S. Patent

‘I

WYVTV HOIH
¢0dS13S

JNYL

oL

89.

NoLwdNg
NOILdI¥OSIHd
OL Y3NIL 138

‘Ov14 138

ogL -/

NOLLYYNA

3Sv4d

a3uldxd

d00140 aN3
98,

e ¥8.

< WYY MO
¢0dS13S

NQNJ

NOLLWiNG
NOILdRIOSTd
OL ¥3NIL 138

‘Ov1d4 138

OVvid L3S

i

E)t- T
¢lL

OVv1d 1383

357Tv4

¢LINIHOIH
NOLLJINOST¥d

LN MO
NOILdIHOSTd

JNyL > Z0dS

<20dS

ast Old

51



US 6,398,727 B1

Sheet 50 of 68

Jun. 4, 2002

U.S. Patent

IVERS
dS3Y 138

4

Nyl

Y3WIL 3ZITYLLINI
'OV1d 138

3STv4

908

O3 3LV, OINI
31VY HLY3YE 3LVINDTVD
e INFHUND 1SON HOLS
alg WHLIMODTY HLINS
WHO4Y3d
357v4 " vH
p18 [TV L3S
2035 0L N3HL
ONO11SIS¥3d
aNOD 1NI TV
808
zie [oVid 135y
anuL HINIL L3Sy
4138 OV
L3V 357V
$08
¢440 aval
anyL ds3y
Qmmz 00} AN3AZ
'd00T HINIL
008/

V9l Ol

52



US 6,398,727 B1

Sheet 51 of 68

Jun. 4, 2002

U.S. Patent

¢

L .
357v4
NS\ YINIL 138N
| VTV ‘Ov1d 1353y
HOIH13S | 3Ny N3NIL
058 —
NOILdRIOS TN MHOIH
WO H3NLL NVHLL SE1VEID
NOILV¥NA 138 31VY INTHHND
‘Ov1d 138

078

g9l Old

CINFHHND
NOILdINOSTNd V S| ONY
LONIONTd 1¥3TY

¢O3INIWY3L3a
3LV INRRND

387v4

ONILSIL SWHVTV
dS3H NID3d

3sv4

53



U.S. Patent Jun. 4, 2002 Sheet 52 of 63 US 6,398,727 Bl

FIG. 16C

CURRENT RATE TRUE
LOWER THAN
LOW LIMIT? ,~ 838
FALSE | SETFLAG,
RESP LOW SET DURATION
844 FLAG SET? TIMER FROM
RESETFLAG,|/ PRESCRIPTION
RESET TIMER
( 842
TIMER SET LOW
EXPIRED? AARM [ ™
L
g
846
TCT TRUE
LEAD OFF?
/ 850
FALSE SET FLAG
INITIALIZE TIMER
856 | RESET TIMER
—1 RESET FLAG
CARESETART] Ao A
ET RESP ALERT
THEN 10 SEC? S ling

54



US 6,398,727 B1

Sheet 53 of 68

Jun. 4, 2002

U.S. Patent

< WvTY

HOIH13S | In
us-—"

NOILdIHOSTd
WO H3NIL
NOILVYNG 138

ast ol4

38v4

¢a3nNldX3

098

¥INIL 13STY

P8 ovnd 1383y

¢LIWITHOIH
NVHL ¥3LVIHO
101 INRND

JOVHIAY 03LHOIIM
. 31VINOTVO N3HL
LOL INFHNO 3LVINOTVO

!

55



U.S. Patent Jun. 4, 2002 Sheet 54 of 63 US 6,398,727 Bl

FIG. 16E
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METHOD AND APPARATUS FOR
PROVIDING PATIENT CARE

BACKGROUND OF THE INVENTION

This invention relates generally to a management system
and a method of providing patient care in the home or
alternate care setting, i.e., to a system which functions as a
virtual hospital room.

A hospital room is a place where a patient can receive
medical treatment and have his physiological condition
monitored under the supervision of a healthcare professional
both continuously and at prescribed times. As the cost of
health care increases, the trend is to discharge the patient
from the hospital earlier, but to continue the therapy at the
patient’s home or at an alternative care facility. Various
medical devices, such as infusion pumps and respirators,
allow the patient to receive therapy outside the hospital
environment. In many instances the caregiver must visit the
patient’s home to monitor and control the medical device.
Some medical devices, however, include means for enabling
the caregiver (or healthcare professional) to monitor and
control the medical device’s functions from a remote loca-
tion.

Co-pending U.S. patent application Ser. No. 08/951,976,
filed Oct. 16, 1997, titled “Medical Apparatus With Remote
Virtual Input Device”, which is assigned to the assignee of
this application, describes a medical apparatus for remote
monitoring and controlling of a medical treatment device,
such as an infusion pump. The medical apparatus described
therein includes a medical device for administering a medi-
cal treatment and a remote controller. The caregiver can
control operation of the medical device either at the patient’s
location using the device’s input device or from the remote
location by activating a virtual input device.

U.S. Pat. No. 5,807,336 for “Apparatus for Monitoring
and/or Controlling a Medical Device”, which is assigned to
the assignee of this application, describes an apparatus for
remotely monitoring and controlling a medical device in
which stored data can be transferred from the medical device
on a real-time basis to the remote controller while the
medical device is administering medical treatment.

Co-pending U.S. patent application Ser. No. 08/703,543,
filed Aug. 27, 1996, titled “Medical Treatment Apparatus
and Method”, which is assigned to the assignee of this
application, describes a combination of a medical treatment
device, such as an infusion pump, and one or more sensors,
which detect the medical condition of the patient. The
sensors are connected to the medical treatment device, so
that signals generated by the sensors, which indicate the
patient’s medical condition, can be stored as data in a
memory contained within the medical treatment device. By
connecting the sensors directly to the medical treatment
device, such data can be safely stored within the device for
later downloading by a remote monitor/controller. The use
of such sensors during the administration of a treatment,
however, may limit the patient’s mobility.

U.S. Pat. No. 5,522,396 to Langer et al. discloses a remote
system for monitoring a patient’s heart. A patient station,
which is intended to be worn by the patient, includes a
monitor for monitoring a patient’s heart or other physiologi-
cal function and a transmitter for transmitting data. The
patient station, however, does not provide for alarms should
the patient’s condition require contacting the caregiver.

U.S. Pat. No. 5,590,648 to Mitchell et al. discloses a
unitary command center (generally resembling a cart) hav-
ing a computer for receiving, storing, processing and trans-
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mitting information, and a plurality of interfacing ports.
Various patient monitoring sensors modules and therapy
modules are intended to be connected to the ports. However,
the command center is suitable for an ambulatory patient.

U.S. Pat. No. 5,678,562 to Sellers discloses an ambulatory
physiological monitor intended for Holter monitoring with a
removable disk cartridge and a wireless modem. Transmit-
ting data over a cell phone system is costly and not all
patients may be capable of using the removable disk car-
tridges.

U.S. Pat. No. 5,568,814 to Gallant et al. discloses an
ambulatory patient monitoring system for measuring and
storing predetermined diagnostic parameters of a patient.
One or more plug-in sensor units is coupled to a portable
portion of the system, which is worn by the patient. The
portable portion is designed to be coupled to a personal
computer for programming, downloading and monitoring of
the data, but does not provide for alarms should the patient’s
condition be outside prescribed values.

In addition to providing therapy at home or in the alter-
native care facility, many patients may still need monitoring
of their physiological conditions. Some patients may require
continuous monitoring of respiration and heart rate, for
example. Other patients may only need their vital signs, such
as temperature, blood pressure, heart rate, taken at scheduled
times or when a caregiver requests the measurements, such
as for diagnosis.

There is a need for a patient home management system
which provides for continuous monitoring of physiological
conditions of an ambulatory patient. There is a need for a
lightweight, easy to wear patient monitor for an ambulatory
patient, which can be configured to accept a wide variety of
diagnostic and monitoring sensors. There is a need for an
ambulatory patient monitor which is versatile, but not
unnecessarily complex. There is a need for a patient home
management system which provides for measurement of a
patient’s vital signs on a regular schedule or at the direction
of a caregiver at a remote location. There is a need for a
patient home management system which provides for ease
of communication with the caregiver. There is a need for a
patient home management system which provides for the
storage and transmission of patient physiological condition
data. There is also a need for a patient home management
system which monitors the patient’s condition and when the
patient’s physiological condition falls outside prescribed
limits, provides a means of notifying the patient to contact
the caregiver or automatically contacts the caregiver. There
is a further need for a patient home management system
which provides for the monitoring of the various sensors
used to detect the patient’s physiological condition.

SUMMARY OF THE INVENTION

A patient home management system embodying the
invention provides a comprehensive system for monitoring
ambulatory or homebound patients in the home or alterna-
tive care environment. The patient management system
includes a programmable, ambulatory patient monitor for
monitoring and recording a plurality of physiological con-
ditions of a patient. A plurality of patient monitoring sensors
are electrically coupled to the programmable, ambulatory
patient monitor. Each sensor detects a particular physiologi-
cal condition of the patient, such as core temperature,
respiration characteristics including respiration rate, electro-
cardiographic electrodes for providing signals to produce an
electrocardiogram and blood oximetry sensors. The ambu-
latory patient monitor is small and compact and easily worn
by the patient during his normal at-home activities.
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To provide communication with the caregiver, a commu-
nications unit is disposed in the patient’s home or the
alternate care facility. The communications unit includes a
modem or other telecommunications device which can com-
municate with a remote controller at the caregiver’s office.
The communications unit is generally larger than the ambu-
latory patient monitor and is situated at a convenient loca-
tion where the patient can hear or see messages from it. The
communications unit may be selectively coupled to the
programmable, ambulatory patient monitor for receiving,
storing and transmitting to the remote controller patient
physiological condition data and for transmitting instruc-
tions from the remote controller to the programmable,
ambulatory patient monitor. The patient can communicate
with the caregiver using the communications unit. When the
patient connects the ambulatory patient monitor to the
communications unit, the patient can communicate with the
caregiver at the remote location while the caregiver is
viewing patient stored data transmitted from the ambulatory
patient monitor via the communications unit.

The communications unit may also be used to monitor
physiological conditions of the patient which do not require
continuous monitoring. For example, the communications
unit may connect to and receive physiological signals from
a spirometer, a blood gas analyzer, a non-invasive blood
pressure monitor, a scale for measuring a patient’s weight
and a temperature sensor.

The programmable, ambulatory patient monitor includes
a plurality of sensor interface circuits. Each interface circuit
is coupled to a particular patient monitoring sensor. Each
sensor generates a physiological signal representative of a
physiological condition of the patient. The interface circuit
converts the physiological signal to physiological data,
which is stored in memory. When the ambulatory patient
monitor is connected to the communications unit, physi-
ological data may be downloaded to the communications
unit for later transmission to the remote controller. The
communications unit also transmits instructions from the
remote controller to the ambulatory patient monitor. Such
instructions include, for example, prescribed normal ranges
for physiological condition readings and schedules for mak-
ing particular physiological measurements.

The ambulatory patient monitor includes a processor
which executes a monitoring routine in accordance with the
instructions received from the remote controller. The moni-
toring routine compares the physiological conditions
detected by the sensor with a stored instruction having a
predetermined range of values for that particular sensor. If
the detected signal is outside the predetermined range, a
patient alarm signal is generated.

An alarm signal is generated when a sensor signal indi-
cates a condition requiring intervention of the caregiver.
When an alarm signal is generated, the patient must contact
the caregiver. In doing so, the patient may call the caregiver
directly or connect the ambulatory patient monitor to the
communications unit. The communications unit will then
automatically communicate with the remote controller.
Alternatively, the communications unit may automatically
contact the caregiver upon receipt of the alarm signal.
Preferably the communications unit includes voice-over-
data communications capability so that the patient can speak
with the caregiver while the caregiver is viewing the physi-
ological data transmitted from the communications unit to
the remote controller. The alarm signal is resettable only
upon receipt of a new instruction from the remote controller.
This ensures that the patient contacts the caregiver when an
alarm condition is detected.
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The communications unit includes apparatus for commu-
nicating with the remote controller. The apparatus for com-
municating with the remote controller may be a typical
telephone modem or voice-over-data modem, a cable
modem or some form of wireless communication such as
radio frequency (RF), infrared (IR) or the like. The com-
munications unit also includes a routine for transmitting
instructions received by the programmable, ambulatory
patient monitor from the remote controller and for transmit-
ting patient physiological condition data from the
programmable, ambulatory patient monitor to the remote
controller.

Long-term or continuous monitoring sensors are prefer-
ably connected to the ambulatory patient monitor; short-
term or single measurement sensors are preferably selec-
tively coupled to the communications unit. Examples of
sensors which may be connected to the ambulatory patient
monitor include sensors such as core temperature and ECG.
Sensors which measure a patient’s vital signs on an infre-
quent or scheduled basis, such as blood pressure or weight,
are preferably selectively connected to the communications
unit. Additional sensors for infrequent or scheduled mea-
surements include a spirometer, a blood gas analyzer, a
non-invasive blood pressure monitor and a temperature
sensor. For example, if the patient’s blood pressure must be
taken twice a day, the communications unit will provide a
signal to the patient to connect the blood pressure unit and
take the measurement at the scheduled times. If the caregiver
prefers the patient to take a particular measurement at an
unscheduled time, the remote controller can communicate
directly with the communications unit, which will provide a
signal to the patient to take the measurement.

Signals from the communications unit and the ambulatory
patient monitor can be visual or aural. Preferably, the
communications unit includes a display for providing text or
graphical messages to the patient and a speaker for provid-
ing spoken messages to the patient. Tones may also be used
in connection with alarm signals. Preferably, the ambulatory
patient monitor includes a display for graphical or textual
messages, lamps for use in signalling of alarm conditions
and a speaker for audio messages and tones. Additionally, a
printer or other output device may be connected to the
communications unit for displaying or printing out the
stored data, either automatically or on demand.

Another function of both the ambulatory patient monitor
and the communications unit is to monitor the operation of
the sensors when measuring physiological conditions of the
patient. If a sensor is attached improperly, an alert signal is
provided. The patient can reset an alert signal, for example,
by attaching the sensor properly in a timely fashion. Alert
signals are generally not life-threatening and do not require
contacting the caregiver, so they may be reset by the patient.
However, if the alert signal is not reset within a reasonable
time, the monitoring routine may issue an alarm signal.

The remote controller, located at a hospital or a caregiv-
er’s office, includes software which interacts with the com-
munications unit via the communications apparatus (i.e., by
modem and a telephone line, or by another means of
communication, such as wireless or cable). The remote
controller software collects data stored in the communica-
tions unit and presents the information for review by the
caregiver. When connected to the communications unit, the
remote controller software can also program the ambulatory
patient monitor by sending it new instructions and monitor
the functions of the sensors connected to the ambulatory
patient monitor and to the communications unit. The remote
controller software can also schedule and program (i.e., set
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the schedule for taking measurements and for turning them
on and off) the sensors connected to the ambulatory, patient
monitor and the sensors selectively connected to the com-
munications unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a patient management system
according to one embodiment of the invention;

FIG. 2 is a schematic of the patient interface portion of the
patient management system shown in FIG. 1;

FIGS. 3A-3B are an overall schematic of the patient
management system of FIG. 1;

FIG. 4 is a top view of a programmable, ambulatory
patient monitor;

FIG. 5 is an exploded perspective view of a communica-
tions unit;

FIG. 6 is a block diagram of the electronics in the
communications unit of FIG. §;

FIGS. 7A-7D are a circuit diagram showing connections
among the components shown in FIG. 6;

FIGS. 8A-8S are a circuit diagram showing connections
among the electronics of the ambulatory patient monitor;

FIGS. 9A-9D are a circuit diagram of the ECG interface
circuit;

FIGS. 10A-10B are a circuit diagram of the core tem-
perature sensor interface circuit;

FIGS. 11A-11C are a circuit diagram of the respiration
interface circuit;

FIG. 12 is a waveform diagram of a single detection
window used in the Smith Algorithm for respiration detec-
tion;

FIGS. 13A-13B are a flow chart of the respiratory data
detection algorithm used in the ambulatory patient monitor
to process respiratory data from the respiratory sensors;

FIGS. 14A-14C are a flow chart of the memory manage-
ment task flow in the ambulatory patient monitor;

FIGS. 15A-15D are a flow chart of the oximetry driver
and task flow in the ambulatory patient monitor;

FIGS. 16 A-16E are a flow chart of the temperature and
breath rate task flow in the ambulatory patient monitor;

FIGS. 17A-17F are a flow chart of the control task flow
in the ambulatory patient monitor;

FIGS. 18A-B are a flow chart of the key pad and power
management task in the ambulatory patient monitor;

FIGS. 19A-B are a flow chart of the front panel output/
messaging task in the ambulatory patient monitor;

FIGS. 20A-20C are a flow chart of the communication
link processing task in the ambulatory patient monitor and

FIGS. 21A-21C are views of the core temperature shown
in FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to the drawings and especially to FIG. 1,
a patient home management system embodying the present
invention is generally shown therein and referred to by
reference numeral 10. Patient home management system 10
includes a programmable, ambulatory patient monitor 20, to
which one or more physiological sensors 214, 215, 216 and
217 are connected. Physiological sensor 214 is a pulse
oximetry sensor and measures oxygen in the blood stream,
sensor 215 measures respiration, sensor 216 measures core
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6

temperature and sensors 217 receive electrocardiographic
signals. Each of these sensors is intended to be worn by the
patient continuously, or for several hours at a time. The
physiological condition of the patient, as detected by each
sensor, is stored in the ambulatory patient monitor 20.

From time-to-time, ambulatory patient monitor 20 is
connected to communications unit 30 by communications
medium 52, which may be a removable cable or a wireless
medium (such as an IR port or RF transceiver). With
medium 52 coupling monitor 20 to communications unit 30,
communications unit 30 can retrieve stored data represen-
tative of the patient’s physiological conditions detected by
sensors 214, 215, 216 and 217.

Communications unit 30 controls additional physiological
sensors 53, 54, 56, 58 and 59. These additional sensors are
typically used to measure physiological conditions infre-
quently or at specified times. Sensor 56 measures tempera-
ture and, for example, may be used to verify a temperature
reading by core temperature sensor 216. Sensor 53 measures
blood gas. Sensor 59 is a spirometer for measuring volume
of respiratory air flow. Sensor 54 (NIBP) measures blood
pressure non-invasively. A patient may only need to take his
blood pressure using non-invasive blood pressure sensor 54
twice a day, for example. Sensor 58 measures the patient’s
weight. The patient’s weight may only be needed daily or
weekly by scale 58. Communications unit 30 can also
monitor other devices, such as an infusion pump, or down-
load data to a personal computer 40 located at the patient’s
home or alternative care facility, such as when the caregiver
visits the patient.

Communications unit 30 includes a modem 31 (not
shown) which is used to connect over telephone lines 460 to
a caregiver at a remote location. Modem 31 may be a
voice-over-data modem to enable the patient to communi-
cate with the caregiver while the caregiver views the
patient’s physiological data or other wireless means of
communication. The remote location, such as the caregiver’s
office, includes a comparable modem 430 connected to a
personal computer 400 (or other stored data device or
network supervisory system). Remote control software 410
operating on the computer 400 is used by the caregiver to
send instructions to the communications unit 30. Some of
the instructions provided by the caregiver through the
remote control software 410 include setting the range of
values for the physiological sensors. A detected value out-
side the range for the patient causes an alarm signal to be
generated by the ambulatory patient monitor 20. Generation
of an alarm signal alerts the patient to contact the caregiver,
preferably by connecting the ambulatory patient monitor 20
to communications unit 30. In an alternative embodiment,
the ambulatory patient monitor may include a wireless
communication means such as an IR port or RF transceiver.
In this alternative embodiment, the generation of the alarm
signal is transmitted wirelessly to the communications unit
30, which then automatically contacts the caregiver.

Referring to FIG. 2, patient 300 is shown wearing
programmable, ambulatory patient monitor 20 in a belt
pouch 310. Respiratory sensor 215, core temperature sensor
216, pulse oximetry sensor 214 and ECG electrodes 217A,
2178 and 217C are attached to patient 300 for detecting the
patient’s physiological condition and to monitor 20. While
four sensors are shown attached to the patient, it should be
noted that one, some or all of the these sensors (and any
other sensors which may be required by the caregiver) may
be attached to the patient and connected to the monitor 20.
Detachable medium 52 is selectively attachable to monitor
20 for coupling to communications unit 30.
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Referring to FIGS. 3A-3B, patient management system
10 includes ambulatory patient monitor 20 coupled to com-
munications unit 30 via media 52. In FIGS. 3A-3B, medium
52 is shown as a detachable cable. Cable 52 may be replaced
with a wireless transceiver (RF or IR) in each of monitor 20
and communications unit 30 for providing communication
therebetween. Instructions from a caregiver via remote con-
trol software 410 are received through modem 31 of com-
munications unit 30 for transfer to monitor 20 when cable 52
is attached. Monitor 20 and communications unit 30 are
located at the patient’s home or alternate care facility.
Communications unit 30 provides a communication link to
remote control software 410 over a communication line 452.
Communication line 452 can be a telephone line, wireless
telephone (such as cell phone), radio link or other form of
communication.

Communications Unit

Referring to FIGS. 3A-3B, 5, 6 and 7A-D, communica-
tions unit 30 includes housing 102, custom keypad 110
having a plurality of keys 112, LCD display 114 and speaker
116. Communications unit 30, in this embodiment, also
includes a built-in modem 31 for communicating over a
telephone line with the remote control software 410 at the
caregiver’s office. As described above, modem 31 may also
be a wireless transceiver (IR or RF). Communications unit
30 includes power supply 32 for receiving standard AC
current. Power supply 32 receives power from battery 130 in
the event of a line power outage. Otherwise, power supply
32 receives power from line power from AC receptacle 124
through transformer 126. An on/off switch 122 is provided
for turning the communications unit 30 on and off.

Communications unit 30 is shown with four interface
circuits 33, 34, 35 and 37, located on custom printed circuit
board 104, for controlling three separate medical devices
and one optional device. Interface circuit 33 is used to
couple to blood pressure module 54. Interface circuit 34 is
used to couple to temperature sensor 56. Interface circuit 35
is used to couple to weight scale 58. Interface circuit 37 is
used to couple to an optional device, shown here as a
personal computer 40. Other medical devices may also be
coupled to communications unit 30, depending on the car-
egiver’s requirements for the patient. Examples of other
sensors that can be used with the communications unit 30
include blood gas analyzers and glucose testers. Data signals
generated from each separate medical device are stored in a
memory located on mother board 120 of communications
unit 30 for later transmission to the caregiver. If a printer or
display is coupled to the communications unit 30, the stored
data can also be printed or displayed.

Communications unit 30 includes connector 36 for use in
coupling to cable 52 for coupling with monitor 20. Connec-
tor 36 includes a serial data port for transmitting and
receiving data between monitor 20 and communications unit
30 as well as a power connection, which is used to power
monitor 20 when monitor 20 is coupled thereto.

The communications unit 30 operates from external line
power with an internal battery 130 for short term power
outages. Communications unit 30 provides both visual
(alphanumeric and graphical displays on display 114 and
lamps 118) and aural (tones and voice from speaker 116) for
ALARM and ALERT conditions. Communications unit 30
provides interfaces to specific sensors (blood pressure
monitor, temperature probe, weight scale, etc.). Communi-
cations unit 30 provides for monitoring the individual sen-
sors and other devices attached to it. If a specific sensor is

10

20

30

35

40

45

50

55

60

65

74

8

improperly attached or malfunctions, communications unit
30 generates an ALERT signal. In this embodiment modem
31 is a simultaneous voice-over-data modem which allows
patient-to-caregiver communication during data transmis-
sions or during setup and troubleshooting. As noted above,
modem 31 may be replaced with a wireless transceiver, with
or without voice-over-data capability.

Blood pressure module 54 is coupled to communications
unit 30 via interface circuit 33 and provides automatic
measurement, storage and transmission of the patient’s
blood pressure data. If interface circuit 33 detects a pressure
cuff disconnect or blood pressure measuring device
malfunction, communications unit 30 provides an ALERT
signal, and automatically notifies the patient (with a visual
and/or aural warning).

Weight scale 58 measures the patient’s weight with a 0.1
pound resolution. A measured weight signal is applied to
interface circuit 35. Communications unit 30 records and
stores the patient’s weight for subsequent transmission to the
caregiver. Malfunction of the weight scale 58 results in an
ALERT signal.

Temperature sensor 56 provides for temperature measure-
ment of the patient. A variety of different temperature
sensors may be used: oral, rectal, tympanic, etc. This mea-
surement may be used as a backup or check of the values
detected by core temperature sensor 216. Communications
unit 30 provides an ALARM signal if the detected tempera-
ture is outside the values set by the caregiver. These values
are set by the instructions downloaded by the communica-
tions unit 30 as prescribed by the caregiver and sent via the
remote controller. Communications unit 30 detects sensor
errors in temperature sensor 56 and provides an ALERT
condition. Communications unit 30 transmits temperature
data to the caregiver in accordance with a predetermined
schedule or if an out-of-limit temperature is sensed.

Preferably the communications unit 30 includes controls
that are easy for the patient to understand and use and
displays which are easy for the patient to read. An LCD
display 114 provides text messages including current time of
day, patient instructions and ALERT/ALARM messages.
Preferably, the display 114 includes 20 digits per line, 4 lines
with backlight. A blinking green LED 118 indicates the
communications unit 30 is operating. A blinking red LED
118 indicates there is an ALARM/ALERT pending.

Various user entry keys 112 are provided. A LAMP key
turns on the backlight for 2 seconds. VOLUME UP/DOWN
keys control the volume of the audio, both speech and tones.
A DIAL key causes the communications unit 30 to imme-
diately contact the caregiver (physician/service provider) for
assistance. YES and NO keys allow response to questions,
such as from the caregiver. A REVIEW key provides a
means for a caregiver (or patient) to review the settings of
the monitoring routine and identify the causes of the
ALARM/ALERT. A Silence key allows the user to silence
an ALARM or ALERT audio signal for up to 2 minutes. An
internal speaker 116 is used for speech audio and tones
related to ALARM and ALERT conditions.

Additional buttons may also be provided. These buttons
may be used to facilitate patient queries. For example, when
the communications unit 30 is coupled with the remote
controller, the remote controller may wish to query the
patient for symptoms. Some queries may require only YES
and NO responses from the patient. Other queries may
require range responses, so a series of numeric labeled keys
may be added to communications unit 30. Additionally, the
display 114 may also be a dual scan or active matrix display
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capable of displaying graphical images to the patient.
Graphical images, for example, may be used in showing the
patient how to reconnect a sensor.

Operation of the communications unit 30 is easy for both
the patient and the caregiver. If the patient’s temperature is
to be taken, the communications unit 30 alerts the patient
with an appropriate text or graphical message, blinking light
or audio tone. When a stable temperature is obtained, the
communications unit 30 tells the patient that the measure-
ment is complete. When a patient weight is required, the
communications unit 30 similarly notifies the patient. When
a stable weight is obtained, the communications unit 30 tells
the patient to step off the scale.

The communications unit 30 is intended to be operational
at all times the patient is being monitored, in order to receive
incoming messages from the caregiver and in order to send
messages or data to the caregiver. The DIAL key may be also
used to automatically dial the remote controller for instruc-
tions or to request help or clarification. Additional DIAL
keys may also be included. These additional DIAL keys may
be programmed to automatically dial a local pharmacy, a
paramedic, or a family member, for example.

The communications unit 30 checks continuously for
sensor, lead wire, and external equipment failures (for those
items connected to the communications unit 30). When a
failure is detected, the communications unit 30 sounds an
ALERT and displays instructions on how to clear the
ALERT. ALERTS should be responded to quickly to avoid
triggering an ALARM. An ALARM is triggered whenever a
monitored physiological variable is measured which is out-
side of its prescribed limits. A battery low ALERT indicates
when the backup battery is low and should be recharged
from a power supply driven by line current. Further details
of preferred operation of ALARM and ALERT signals, as
well as the warnings displayed are described below.

Programmable, Ambulatory Patient Monitor

Referring to FIGS. 3A-3B and 8A-8S, ambulatory
patient monitor 20 includes microcontroller 201 which con-
trols operation of the various functions of ambulatory patient
monitor 20. Microcontroller 201, which may be a
68HC11A1, provides signals to control operation of the
front panel lights and switches/keys 218 (see FIG. 4). These
signals are provided via connector J4. For example, input
from Event key 510 is applied to pin 33 of microcontroller
201. Input from power On/Off switch 508 is applied to pin
25 of microcontroller 201. To activate red LED 518, micro-
controller 201 provides an enable signal from pin 23. In
addition to double insulation on all cables and wires between
sensors and the patient and between the sensors and the
monitor 20, isolation circuit 210 provides part of the patient
protection from ground faults and other electrical shocks.

Isolation circuit 210 provides electrical isolation for the
monitor 20 internal circuitry from earth ground which enters
the monitor 20 through data port connector J5. The isolation
is part of one layer of the double insulated design for the
monitor 20. The electrical isolation serve to protect the
patient from potentially harmful electrical leakage current.
The electrical isolation barrier consists of optical couplers
0OC3-0Cé6 and isolation transformer T2. The optical cou-
plers transmit the serial data port signals, RXD, /CTS, TXD
and RTS across the isolation barrier via light emitted from
a light emitting diode (LED) to a phototransistor, both of
which are internal to the optical couplers. The MAC84S is
a transformer driver which converts the +5 VDC from the
data port to a high frequency (450 to 700 kHz) square wave
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suitable for driving the transformer. The diode pack DPKS
and capacitors C29 and C30 rectify and filter the signal from
the transformer to convert it back to a DC voltage. This
external source is used to power the monitor 20 in order to
conserve battery power.

The ferrite beads L5-L8, resistors R45-R48, capacitors
C44-C47 and diode packs DPK1-DPK4 are used to protect
the data port from electromagnetic interference and electro-
static discharge (ESD). The ferrite beads, resistors and
capacitors from a filter to attenuate high frequency interfer-
ence signals. The diode packs and resistors form a clamping
circuit to prevent high voltage ESD spikes from damaging
the circuitry.

Data messages stored in EEPROM/RAM 224 are
retrieved by microcontroller 201 via pins ADO-AD7 and
provided to connector J3, which is coupled to display 219,
where they are displayed to the user. Voice and tone sounds
stored in EEPROM/RAM 224 are retrieved via pins AO-A7
and provided to voice and sound generator 220, which are
used to drive a speaker. Voice and sound generator 220
includes a playback chip which is preferably a ISD1420 and
may also be connected to a speech synthesizer.

Microcontroller 201 stores data and accesses Instructions
from three separate memories. Data recorded from each
attached sensor is stored or recorded in Temporary Record-
ing Memory 223 and a Main Recording Memory or Flash
Memory 222 via lines A13—A20. Instructions pertaining to
operation of the monitor 20, ranges of acceptable values
(Instruction Table entries), and messages are stored in
EEPROM/RAM 224.

The recording memory operation, i.e., the recording of
detected physiological data from the sensor modules,
involves two recording memories, a Temporary Recording
Memory 223 and a Main Recording Memory or Flash
Memory 222. A 256-byte record is written to both the
Temporary Recording Memory 223 and the Main Recording
Memory 222. A 256-byte record is written to the Temporary
Recording Memory 223 every second while the monitor 20
is in Run Mode, Alarm Mode, or Event Mode of operation
(modes of operation are described below). A record consists
of the most recent data available from the oximetry 214,
temperature 216, and respiratory rate 215 measure systems,
and one second of data from the ECG 217 system. The
Temporary Recording Memory 223 preferably has a capac-
ity for at least 60 seconds of records, or 16 Kbytes. The main
recording (FLASH) memory 222 preferably is a large
memory (at least 1 Mbyte) which will contain multiple
records (as defined above). Flash memory 222 is used to
store data for later transmission to the communications unit
30. Software routines for operating the ambulatory patient
monitor 20, the Instruction Table (the range of acceptable
values for each sensor for a particular patient described
below) and other Instructions received from the caregiver
are stored in EEPROM/RAM memory 224.

UART 225 is used to transmit and receive data via
isolated serial ports 205, 206. The RS232 driver 205 receives
and transmits data from connector 204 which is coupled to
communications unit 30 during data transmissions. Proces-
sor supervisor 227 controls the hierarchy of interrupts during
communication. When connected to communications unit
30, power from communications unit 30 is converted by
DC-DC converter 203 and then provided to power supply
202.

Power supply 203 is an isolated DC-DC converter which
gets 5 VDC input from the communications unit 30 and
outputs an unregulated 5 VDC to power supply 202. Power
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supply 203 consists of transformer driver integrated circuit
MAX845, isolation transformer T2, rectifier diode DPK5
and filter capacitors C29 and C30. This circuit is unique in
that it is normally used to provide isolated power to a serial
port from the internal circuitry off an electronic device. In
this case, power is drawn from the serial port connection to
power the isolated internal circuitry of the monitor 20.

Power supply 202 consists of a step-up DC-DC converter
and associated circuitry to turn power on and off to the
monitor 20. The power input to the DC-DC converter comes
from either a battery pack or the unregulated 5 VDC from
power supply 203, whichever has the higher voltage.

The ambulatory patient monitor 20 is configured to accept
a plurality of sensors. Preferably, the ambulatory patient
monitor 20 is configured to monitor electrocardiogram,
respiration rate, pulse oximetry and temperature. The ambu-
latory patient monitor 20 may be configured to accept other
sensors, depending on the patient’s monitoring, diagnosing
or therapy requirements. Monitor 20 includes four interface
circuits for interfacing with up to four physiological sensor
modules. Interface circuits 212, 213 interface with ECG
electrode module 217. Interface circuit 209 interfaces with
core temperature module 216. Interface circuit 209 inter-
faces with respiration sensor 208. Oximetry module 207
interfaces with oximetry sensors 214. Outputs from the
interface circuits are applied via connector J2 to inputs of
microcontroller 201.

Referring to FIG. 4, the ambulatory patient monitor 20 is
small, compact, lightweight and can be worn in sensor
pouch 310 so the patient can maintain a level of normal
activity while being continuously monitored. The ambula-
tory patient monitor 20 includes both visual, displays and
lamps, and aural, tones and voice, warnings for ALARM and
ALERT conditions. An ALERT requiring patient attention,
such as missing electrode. ALERTS can be cleared by the
patient. An ALARM is a condition is a condition requiring
immediate contact with the caregiver. Only the caregiver can
clear the ALARM.

The ambulatory patient monitor 20 includes LCD display
219, which displays time of day and ALERT/ALARM
messages. Display 219 is preferably large enough to display
32 characters in 2 lines, with backlight. Blinking green LED
502 indicates ambulatory patient monitor 20 is operating;
blinking red LED 518 indicates an ALARM or ALERT is
pending. LAMP key 516 turns on the backlight on display
614 for 2 seconds. Volume UP/DOWN keys 512 control the
volume of audio (speech and tones). EVENT key 510 causes
1 minute of pre-event data and 1-5 minutes of post-event
data to be stored in memory 222. YES and NO keys 520
allow response to questions from communications unit 30.
ON/OFF key 508 turns ambulatory patient monitor 20 on
and must be pressed simultaneously with the YES key 520
to turn the ambulatory patient monitor 20 off. REVIEW key
506 provides a means to review INSTRUCTION settings
and to identify causes of ALARMS/ALERTS. SILENCE
key 504 allows the user to silence an ALARM or ALERT for
up to 2 minutes. An internal speaker (not shown) is used for
speech audio and tones related to ALARM and ALERT
conditions. A battery door (not shown) is provided for
removal and replacement of 3 AA alkaline batteries.

In an alternative embodiment, wireless communication
can be used instead of coupling the ambulatory patient
monitor 20 to the communications unit 30 via cable 52. In
this embodiment, the ambulatory patient monitor 20 and the
communications unit each include a wireless transceiver.
Thus any communication between ambulatory patient moni-
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tor 20 and communications unit 30 which could be accom-
plished through cable 52 can also be communicated via the
wireless transceivers.

Use of wireless transceivers for communication provides
an additional advantage; in the event of an emergency or
“panic” situation, the patient need not connect the cable 52
between the monitor 20 and communications unit 30. Refer-
ring to FIG. 4, ambulatory patient monitor 20 includes two
buttons 511. These buttons 511 may be labeled “Panic” and
provide a panic function for the patient. When the patient
presses the panic button 511, the ambulatory patient monitor
20 changes its internal status to indicate a message is
pending and transmits a signal to communications unit 30.
The communications unit 30 polls the monitor 20 approxi-
mately once per second. Upon receipt of the message, the
communications unit 30 determines the monitor 20 is send-
ing an Emergency message. This signal causes communi-
cations unit 30 to respond in accordance with whatever
emergency procedure has been programmed. For example,
the communications unit 30 may be programmed to contact
the caregiver at the remote location. Alternatively, the com-
munications unit may be programmed to dial “911.” After
the communications unit 30 dials “911,” it sends an
acknowledgement message to the monitor 20. The monitor
20 displays a message, such as “Call to 911 Sent” to advise
the patient that help is on the way.

If the communications unit 30 is programmed to contact
the caregiver, and communications unit 30 is already in
communication with the remote control software 410, the
panic signal can be acted upon at the remote location. If
communications unit 30 is not in communication with
remote control software 410, communications unit 30 will
establish communication by dialing the remote location.

The caregiver can respond to the emergency in a number
of ways. For example, if modem 31 is a voice-over-data
modem, the caregiver can try to establish voice communi-
cation with the patient. If the patient is close enough to the
communications unit 30, the patient can respond to the
caregiver’s questions. The caregiver can download the
patient physiological condition data to use in evaluating
what course of action to in response to the panic signal. The
caregiver can also contact a designated family member to
visit the patient or alert the police, ambulance or other
medical assistance services.

Asingle panic button 511 may be provided, in which case
the patient must press the panic button twice to enable the
emergency function and avoid accidental triggering.
However, in a preferred embodiment, at least two buttons
must be operated at the same time to minimize accidental
triggering of the panic function. For example, both buttons
511 can be panic buttons so that the user must press both
buttons 511 to enable the panic function. Alternatively, a
single panic button 511 must be pressed simultaneously with
another selected button, such as the Yes button, to activate
the panic function.

In another embodiment of the panic function, the wireless
transceiver in the ambulatory patient monitor 20 may pro-
vide voice communication. In this embodiment, when the
communications unit 30 is connected to the remote control-
ler software 410, the caregiver can talk to the patient. Voice
communications from the caregiver are relayed from the
communications unit 30 via its transceiver to the transceiver
in the ambulatory patient monitor 20.

The patient/user may also record a voice request in the
ambulatory patient monitor 20, transmit the recorded voice
message to the communications unit 30. The communica-
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tions unit 30 then transmits the recorded voice message to
the caregiver at the remote location. For example, the patient
presses the “panic” button. The patient monitor 20
announces, “Speak at the end of the beep.” The patient
speaks for some period of time. The patient monitor 20
beeps during the recording period so the patient knows his
message is being recorded. At the end of the recording
session, the patient monitor indicates that a message is
pending. When the communications unit 30 polls the patient
monitor 20, it responds with “Message Pending.” The com-
munications unit 30 requests the message. The patient
monitor 20 sends the message, which is transmitted by the
communications unit to the caregiver. Then the communi-
cations unit sends an acknowledgement to the patient moni-
tor 20. The patient monitor displays the message, “Message
Sent” to the patient.

In another embodiment of the panic function, the ambu-
latory patient monitor can be programmed so that different
sequences of button pressings can be used to contact differ-
ent people. For example, pressing the Panic button 511 and
the Yes button 520 may be programmed to contact a
patient’s family member. Pressing two Panic buttons 511
may be programmed to contact the caregiver. Pressing the
Panic button 511 and the No button 520 may be programmed
to contact an emergency service. In each case, when the
ambulatory patient monitor 20 generates the panic signal,
which is received by the communications unit 30, the
communications unit dials the appropriate telephone number
and establishes contact via telephone or other telecommu-
nications lines.

Sensors

Four sensor/medical devices may be connected to inter-
face circuits of ambulatory patient monitor 20.

Electrocardiogram. The electrocardiogram 217 is one of
the preferred modules in ambulatory patient monitor 20.
ECG signals from three ECG electrodes 217A, 217B, 217C
are provided to ECG amplifier 212. The output of amplifier
212 is applied to amplifier 213 which is connected to
input/output ports of microcontroller 201. ECG 217 detects
signals from a single lead (2 active electrodes plus a ground
electrode) located on the chest of the patient. These signals
are recorded and stored as a monitor-bandwidth electrocar-
diogram.

Referring to FIGS. 9A-9D, interface circuits 212, 213
couple to ECG electrodes 217 via connector J2. The detected
signals are first provided to a defibrillation circuit compris-
ing diodes D1, D2, D3, D4, Zener diodes VRI and VR2 and
ferrous beads L1, 1.2, 1.3 and L4. Then the signals are
provided to an amplification circuit and then through a
tunable notch filter circuit to provide ECG signal A. ECG
signal A is provided to pin 43 of microcontroller 201. The
ECG amplification circuit provides several features: inputs
are protected from high voltage defibrillator discharges,
electromagnetic interference (EMI) and electrostatic dis-
charge (ESD); electrode leadoff detection; high input imped-
ance (greater than 100 megohms); adjustable gain with a
range of from 400 to 2000. Additionally the input amplifier
is optically isolated, the circuit uses low power (about 40
milliwatts), provides selectable gain settings of 0.5, 1.0 and
2.0 V/mV. The notch filter has a center frequency adjustable
for 50 Hz or 60 Hz operation (so the unit can used using
foreign or domestic line power).

The ECG lead-off detection functions to detect when an
electrode has lost connection to the patient’s body. When all
three electrodes 217A, 217B, 217C are connected, a small
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DC current of about 0.035 microamps is passed through
electrodes 217C (LL) and 217A (RA) and through electrode
217B (RA) back to isolated common. This current is gen-
erated by two 100 megohm pull-up resistor, R4 and RS,
which are connected from the isolated 3.5 VDC supply
(VI+) to electrode inputs for LL and RA. In this condition,
the voltage at electrode inputs LL and RA is above 0 V.
When one of these electrodes is disconnected, the voltage at
one or both of the LL or RA inputs is pulled up to above 1
VDC. This voltage is transferred to the output of amplifiers
U1A or U1B. This amplifier output voltage drives a current
through D5 or D6 into the base of Q1 to turn it on. When Q1
is on,current flows through the input to optical coupler OC1
and turns on the output phototransister in OC1. When the
output phototransistor in OC1 is turned on, it pulls the
lead-off line to a logic low level indicating to the microcon-
troller 201 that lead-off is activated.

The performance of the ECG module shall meet the
requirements of ANSI/AAMI EC13, ANSI/AAMI ES1,
ANSI/AAMI EC38 (Type III) for an apparatus with isolated
patient connection when connected to the communications
unit 30. Pacemaker spike detection is not required. The input
leads attached to the patient are defibrillator-protected. The
electrocardiogram module is preferably operated intermit-
tently in order to reduce the data storage requirements and
power consumption of the monitor 20.

Only raw ECG data is stored and provided to the car-
egiver. All analysis or processing of ECG data is done by the
caregiver. Thus no ALARMS are ever generated as a result
of any detected and stored ECG data. If electrode lead-off
condition or a broken lead wire is detected by the monitor
20, an ALERT is triggered. Reconnecting the electrode
within a predetermined period of time will clear the ALERT
signal. If the patient presses the EVENT KEY or an ALARM
condition occurs, monitor 20 stores ECG data for 1 minute
prior to the EVENT or the ALARM.

ECG sampling is performed continuously at 240 samples
per second. A single analog-to-digital channel converts the
analog signal to 8 bit data. The data are recorded to Tem-
porary Memory 223 as it is converted. An algorithm is used
to determine an appropriate gain level. This gain level
control drives two control lines to the ECG measurement
system programmable gain amplifier. The output from the
ECG Monitoring Measurement System is preferably 240
bytes each second.

Pulse Oximetry. The pulse oximetry sensor 214 measures
pulse rate from a signal associated with the pulse oximeter
and measures arterial blood oxygen saturation from a finger
sensor through use of non-invasive techniques. Preferably
pulse oximeter sensors provided by NONIN are used. These
sensors operate using photoemitters and photodetectors to
sense pulse rate and oxygen content non-invasively. The
output of the pulse oximeter sensors are provided to oxim-
etry module 207 which converts them to a RESP signal E
which is provided to pin 44 of microcontroller 201. A
respiratory lead off signal is also provided to EEPROM/
RAM 224 at pin 33.

ALARMS may be set for high and low pulse rates and for
high and low oxygen saturation in accordance with
INSTRUCTIONS from the remote controller (stored in the
Instruction Table). The ambulatory patient monitor 20
detects sensor errors or low perfusion conditions and pro-
vides an ALERT signal. The ambulatory patient monitor 20
stores pulse rate and oxygen saturation data for one minute
prior to an EVENT mark or ALARM condition.

Arterial Pulse Oxygen Saturation (S,0,): The pulse oxim-
etry module 214 uses standard and clinically accepted



US 6,398,727 Bl

15

indirect techniques to read the arterial oxygen saturation
through transmittance or reflectance sensors. Oxygen satu-
ration and pulse rate are computed by the monitor 20 using
accepted techniques and algorithms. The pulse oximetry
module 214 measures physiological values of arterial oxy-
gen saturation preferably over a range of 70-99%. The pulse
rate measurement is preferably over a range from 20 to 300
beats/minute.

The resolution of the pulse oximeter 214 is preferably 1%
oxygen saturation and the accuracy is expected to be +/-3%
oxygen saturation. The resolution of the pulse rate sub-
system is preferably 1 beat per minute and the accuracy is
expected to be +/-3%. The time between power on and the
stabilization of readings of both oxygen saturation and pulse
rate shall preferably not exceed 10 seconds. The power
requirements shall preferably not exceed 100 milliwatts
during operation with the sensor turned on. In order to
conserve power and memory requirements, the pulse oxim-
etry unit 214 may be turned on for 10-20 seconds out of
every minute.

The pulse oximetry unit 214 requires about 10 seconds to
stabilize from power-on. When enabled, the measurement
system is then powered continuously. At power-on, it begins
sending 3-byte serial data (9600 baud, 8,N,1) at a frame rate
of one frame per second. The first byte contains status, the
second byte contains heart rate data, and the third byte
contains S,,0, data. Each frame is examined for acceptabil-
ity. Frames status with good, low or marginal perfusion
status are acceptable. A timeout is set if there is a succession
of unacceptable frames or absent frames. An elapsed timeout
causes an ALERT condition. The receipt of acceptable
frames resets the timeout alarm, and resets the timeout timer.

Microcontroller 201 drives the oximetry module 214 and
interface circuit 207 in accordance with a task flow routine.
Referring to FIGS. 15A-15D, when the oximetry unit is
powered on, the microcontroller 201 begins the oximetry
routine at step 700. First the time reference is set at step 702.
Then the routine waits for a communication signal at step
704, looping until one is received. When the signal is
received, the Calc flag is reset at step 706. A 3 serial
character burst is expected every second. At step 708 the
routine checks if more than one second has elapsed. If yes,
the routine sets an ALERT at step 710 and branches to step
722.

If less than one second has elapsed, the routine checks if
more than one tick of the counter has elapsed at step 712. If
yes, the buffer is reset and the buffer count is reset at step
714. 1f only one tick has elapsed, the routine puts the
received character in the oximetry buffer and increments the
counter at step 716. At step 718 the routine checks if the
count is greater than three. If yes, at step 720 the calc flag
is set, and data is copied from the oximetry buffer to the
temporary memory 223.

If not, the routine checks if the calc flag is set at step 722.
If the calc flag is not set the routine branches to step 736. If
the calc flag is set, the routine checks the quality of the S0,
reading at step 724. If the data is bad, routine checks if the
alert flag has been set at step 726. If the flag is not set, the
routine sets the flag and the alert timer at step 728 and
branches to step 736. If the flag is already set, the routine
checks if the alert has persisted for more than ten seconds at
step 732. If true, the routine sets the alert at step 734 and
continues to step 736. If the data is not bad, the routine resets
the alert and the alert flag at step 730 and continues to step
736.

At step 736, the routine checks if the calc flag is set, an
alert is not pending and a prescription (Instruction) is in
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force. If false, the routine jumps to step 786 and ends. If true,
the routine checks if the heart rate is at the heart rate high
limit as defined in the Instruction Table at step 738. If true,
the routine checks if the flag is set at block 740. If the flag
is not set, the flag is set and the timer is set in accordance
with the value in the Instruction Table at step 742 and the
routine would branch to step 750.

If the heart rate flag is set, the routine checks if the
duration has expired in step 744. If it has, the routine sets the
heart rate high alarm at step 746 and continues to step 750.
If the duration has not expired, the routine continues to step
750. If the heart rate data is not at the high limit, the routine
resets the flag at step 748.

At step 750 the routine checks if the heart rate data is at
the low limit. If the heart rate data is at the low limit, the
routine checks if the flag is set at step 752. If the flag is not
set, the routine sets the flag and the timer at step 754 and
continues to step 762. If the flag is set, the routine checks if
the timer has expired at step 758. If it has, the routine sets
the low heart rate alarm and continues to step 762. If the
duration has not expired, the routine continues to step 762.
If the heart rate data is not at the low limit, the routine resets
the flag at step 760 and continues to step 762.

At step 762, the routine compares the data to the S,0,
value in the Instruction Table. If the data is at the high limit,
the routine checks if the flag is set at step 764. If the flag is
not set, the routine sets the flag and sets the timer at step 766
and continues to step 774. If the flag is set, the routine checks
if the duration has expired at step 768. If the duration has
expired, the routine sets the S,0, high alarm at step 770 and
continues to step 774. If the S,0, data is not at the high limit,
the routine resets the flag at step 772 and continues to step
774.

At step 774, the routine checks the data to the S,0, low
limit. If the data is at the low limit, the routine checks if the
flag is set at step 778. If the flag is not set, the routine sets
the flag and the timer at step 782 and continues to step 786.
If the flag is set, the routine checks if the timer has expired
at step 780. If the timer has expired, the routine sets the S,,0,
low alarm and continues to step 786. If the duration has not
expired, the routine continues to step 786. If the S, 0, data
is not at the low limit, the routine resets the flag at step 776
and continues to step 786. At step 786, typically, the routine
will branch to step 700.

Heart Rate (Pulse Rate): The heart rate data used by the
system 20 can be acquired from three different modules: (1)
Pulse Oximetry Module 214, (2) Blood Pressure Module 54,
and (3) Electrocardiogram Module 217. The primary source
of these data is the Pulse Oximetry Module 214, since it will
operate more continuously than the others. Since the Blood
Pressure Module 54 is coupled to the communications unit
30, the heart rate data derived form this measurement is not
body-worn. Only the data from the pulse oximetry module
214 is used for ALARM and data transfer to the caregiver’s
base station.

Temperature. A temperature sensor 216 measures the
body core temperature. ALARMS may be set for high and
low temperatures in accordance with INSTRUCTIONS
received from the remote controller. The ambulatory patient
monitor 20 detects sensor failures and sensor-off conditions
and provides an ALERT signal. The ambulatory patient
monitor 20 stores temperature data for one minute prior to
an Event mark or Alarm condition.

Referring to FIGS. 21A-21C, details of a preferred core
temperature sensor 216 are shown. Sensor 216 includes a
sensing head 320 connected to a cable 322 at one end and
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connector 324 at the other end. Connector 324 is coupled
with temperature interface circuit 209 of patient monitor 20.
The sensing head 320 includes two temperature sensing
elements 325A, B. Preferably elements 325 are thermistors
or thermocouples. Thermistors 325A,B are separated from
one another by a composite layer of two generally circular
insulating foam layers 327 and 329 and a circular layer of
adhesive 332. Foam layers 327 and 329 provide a thermally
insulating annular ring around and over the elements 325A,
B. This design is effective for preventing both normal and
lateral head loss from the sensors.

The first thermistor 325A is disposed centrally within and
on top of insulating foam layer 327 and is positioned by
direct contact with the surface of the skin. This thermistor is
the thermistor closest to the patient’s skin. The second
thermistor 325B is separated from the first thermistor by the
composite foam/adhesive layers 327, 332, 329 and disposed
along the same vertical line as the first thermistor 325A. A
second adhesive layer 332 attaches a film heater element 330
directly over the second thermistor 325B. A thin layer of
thermally insulating foam 334 covers the heater 330 and is
held in place by a third adhesive layer 332. The entire
assembly is enclosed in a heat shrink wrap 338 of a
thermally transmissive material. Thus, a region of “zero”
heat flow is actively created across the layers of the skin
which causes temperature sensor 325A, located at the sur-
face of the skin to read the same temperature as if it were
located deeper within the body, beneath the skin’s surface.

The temperature interface circuit 209 uses a feedback
control loop to control the temperature of the film heater to
match the skin temperature. A full proportional control
strategy is used to control the temperature of the heater 330
in that control action is taken proportional to the error to
drive the error to zero. This overcomes the thermal hyster-
esis and temperature variation characteristics of an ON/OFF
(“bang/bang”) controller. Additionally, several safety shut-
down provisions are provided to limit current to the heater
element to prevent overheating. ALARMS and ALERTS are
generated to notify the patient when any potential system
failure conditions are detected.

Referring to FIGS. 10A-10B, connector J6 couples with
connector 324 of temperature sensor 216. The heater signal
which controls the amount of current to the heater 330 is
provided from pin 3 OUT of timer U8. Fuse F1 limits the
current to the heater to about 100 milliamps. When fuse F1
opens, TCT shutdown signal F is provided to pin 24 of
microcontroller 201. The skin temperature signal C is com-
pared with the heater temperature signal B in comparator
U9A. The output of U9A is the error signal D which is used
to provide proportional control. This error signal D is
applied to voltage controlled oscillator U7 which drives
timer U8. When the system is operating in a quiescent state,
a small error signal is present and is used to drive the heater
to produce sufficient heat to cancel any heat loss from the
skin and provide nearly zero heat flow conditions under the
sensor assembly. Signals B, C and D are provided to pins 47,
45 and 49 respectively of microcontroller 201.

The temperature sensor 216, when enabled, is powered
continually. The digitized temperature channel is scaled in
degrees Fahrenheit within the range 80 to 105 to a resolution
of 0.1 degree (which may also be converted to degrees
Celsius as required). Timeouts for ALERT conditions simi-
lar to those in the Oximetry Measurement System are used.
The output for temperature is one byte.

Respiration. Respiration rate is preferably detected from
a nasal cannula sensor which contains thermistor sensors for
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each nostril and shall be active whenever the instruction
calls for monitoring, day or night or both. The range of the
measured respiration rate shall preferably be from 5 to 40
breaths per minute.

A respiration sensor 215 measures the approximate res-
piration rate from temperature changes in the inspired and
expired air from the nostrils of the patient using a novel
respiration rate algorithm (described below). ALARMS may
be set for high and low respiration rates in accordance with
INSTRUCTIONS received from the remote controller. Res-
piration rates are recorded and stored in the flash memory
222. The ambulatory patient monitor 20 detects a sensor or
lead wire failure and provides an ALERT signal. Signals
from respiratory sensor 216 are provided to respiratory
interface circuit 208. Details of respiratory interface circuit
208 are shown in FIGS. 11A-11C. The ambulatory patient
monitor 20 stores respiration data in memory 224 for one
minute prior to an Event mark or Alarm condition.

Referring to FIGS. 11A-11C, interface circuit 208 pro-
vides the output of respiratory sensor 215. Preferably a
commercially available sensor is used.

Respiration waveform data are scanned from a single
analog channel at 10 samples/second. When this measure-
ment system is enabled, power remains ON continuously on
the measurement system. The Respiration waveform data is
digitized and recorded to Random Access memory 223. An
algorithm (described below) then uses the memory 223 to
determine relative peaks in the digitized waveform. From
the number of samples determined between each detected
peak, the instantaneous respiration rate is derived. A
weighted average respiration rate is calculated using a
weighted average technique similar to that used for the
Oximeter Measurement System. The respiratory measure-
ment system outputs one byte, the respiratory rate in breaths
per minute.

While the sensors are preferably intended to be for single
patient use, the ambulatory patient monitor 20 itself can be
used by multiple patients. The ambulatory patient monitor
20 can be cleaned and disinfected between patients and used
with new sensors for use with a new patient.

Microcontroller 201 drives the respiration sensor 215 and
respiration interface circuit 208 and the temperature sensor
216 and temperature interface circuit 209 in accordance with
a task flow routine. Referring to FIGS. 16A-16E, when the
temperature sensor 216 and the respiration sensor 215 are
powered on, the microcontroller 201 begins the temperature
and breath rate routine at step 800. This routine is repeated
every 100 milliseconds. At step 802, the routine checks if the
respiratory leads are properly attached. If not, the routine
checks if the alert flag is set at step 804. If the flag is not set,
the routine sets the flag and initializes the timer at step 806
and continues to step 816. If the alert flag is set, the routine
checks if the timer has expired at step 808. If the timer has
expired, the routine sets the respiration alert at step 810 and
continues to step 816. If the timer has not expired, the
routine continues to step 816. If the respiratory lead is
properly attached, the routine resets the timer and the flag at
step 812 and resets the ALERT at step 814. At step 816, the
routine performs the respiratory rate algorithm (see FIGS.
13A-13B and description).

At step 818 the routine checks if the current respiratory
rate has been determined. If not, the routine branches to step
846. If the rate has been determined, the routine checks if an
ALERT is pending and the Instruction is current at step 8§20.
If not, the routine branches to step 846. If true, the routine
checks if the current rate is higher than the high limit at step
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822. If true, the routine checks if the flag has been set at step
824. If the flag is not set, the routine sets the flag and the
timer at step 826 and continues to step 834. If the flag is set,
the routine checks if the timer has expired at step 828. If the
timer has expired, the routine sets the high ALARM at step
830 and continues to step 834. If the current rate is not
higher than the high limit, the routine resets the flag and
timer at step 832 and continues to step 834.

At step 834, the routine checks if the current rate is lower
than the low limit. If true, the routine checks if the flag has
been set. If the flag has not been set, the routine sets the flag
and the timer at step 838 and continues to step 846. If the
flag is set, the routine checks if the timer has expired. If the
timer has expired the routine sets the Low ALARM at step
842 and continues to step 846. If the timer has not expired,
the routine continues to step 846. If the current rate is not
lower than the low limit, the routine resets the flag and the
timer at step 844.

At step 846 the routine checks if the temperature lead is
properly connected. If not properly connected, the routine
checks if the flag has been set at step 848. If the flag is not
set, the routine sets the flag and initializes the timer at step
850 and continues to step 860. If the flag is set, the routine
checks if the timer has expired at step 852. If the timer has
expired, the routine sets the ALERT at step 854 and con-
tinues to step 860. If the timer has not expired, the routine
continues to step 860. If the temperature sensor is properly
connected, the routine resets the flag and the timer at step
856 and resets the ALERT at step 858.

At step 860 the routine calculates the current core tem-
perature and then calculates a weighted average. At step 862
the routine checks if an ALERT is pending and an Instruc-
tion is current. If true, the routine continues at step 876. If
not, the routine checks if the current temperature is greater
than the high limit at step 864. If true, the routine checks if
the flag is set at step 866. If the flag is not set, the routine sets
the flag and the timer at step 868 and continue to step 876.
If the flag is set, the routine checks if the timer has expired
at step 870. If the timer has expired, the routine sets the
ALARM at step 872 and continues to step 876. If the current
temperature is not greater than the high limit, the routine
resets the flag and the timer at step 874.

At step 876 the routine checks if the current temperature
is lower than the low limit. If true the routine checks if the
flag has been set at step 878. If the flag has not been set, the
routine sets the flag and the timer at step 880 and continue
to step 888. If the flag has been set, the routine checks if the
timer has expired at step 882. If the timer has expired, the
routine sets the alarm at step 884 and continues to step 888.
If the current temperature is not lower than the low limit, the
routine rests the flag and the timer at step 886 and continues
to the end of the loop at step 888.

Alarms and Alerts

An ALARM is triggered whenever a physiological vari-
able is measured which is outside of its prescribed limits
stored in the Instruction Tables (see below). An ALERT is
triggered for system and sensor failures (including misap-
plication of the sensor). ALARMS must be treated with
urgency and responded to in accordance with Instructions
displayed on the display 219 or from the speaker. The first
response to an ALARM is to connect with the communica-
tions unit 30.

An ALERT or ALERT CHECK is a system test which
checks the performance of the sensors and other system
components against a set of pre-determined test limits. An
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ALARM or ALARM CHECK is a physiological data test
limit that is set by the caregiver in the INSTRUCTION
TABLE stored in the memory 224 of the ambulatory patient
monitor 20. An ALARM Mode is the mode initiated in the
ambulatory patient monitor 20 when an ALARM is tripped
and data collected for one minute prior to the ALARM is
transferred from the flash memory 222 to memory 224.
Real-time data is also stored in memory 224 for one minute
after the ALARM occurs.

Upon detection of an ALARM or ALERT, the
programmable, ambulatory patient monitor 20 issues an
audible and/or visual warning. The audible warning may be
in tones or verbal instructions through a speech synthesizer.
The visual warning may be through illuminated or flashing
lights and/or an alphanumeric message on a display. When
an ALARM is triggered, the power ON/OFF button 508 is
disabled. The programmable, ambulatory patient monitor 20
may not be powered off until the ALARM is disabled by
receipt of an appropriate signal from the caregiver.

The ALARM and ALERT warnings may, however, be
disabled temporarily. Some patients may find it distracting to
try to contact the caregiver while the ALARM warning is
flashing or being repeated (in the case of a verbal message).
In these cases, the patient can disable the ALARM warning
temporarily by pressing a HOLD or MUTE button 504.
Pressing the MUTE button 504 disables the warnings for up
to two minutes. ALERT warnings may also be disabled by
pressing the HOLD or MUTE button 504.

ALARMS, ALERTS and the Back-up Audio Tone all
have different tones. Each tone is repeated every ten seconds
or at some other convenient preset interval. Voice instruc-
tions are repeated every fifteen seconds. Volume control 512
affects both tones and voice instructions, but cannot be used
to turn them off. Activation of the Mute switch 504 silences
the tones for up to two minutes at a time.

All ALARMS are automatically reset to the programmed
INSTRUCTION values two minutes after they have been
disarmed by the HOLD or MUTE button. ALARMS are
locking and cannot be reset unless all conditions for release
of the ALARM, including a reset signal from the caregiver,
have been received. ALERTS are resettable by the patient
and cleared whenever the problem causing the ALERT is
corrected.

Priorities/Hierarchy. Providing for detection of various
ALARM and ALERT conditions is essential to monitoring
the patient’s condition. The ambulatory patient monitor 20 is
programmed to respond to ALARMS and ALERTS in
accordance with predetermined priorities. These priorities
can be varied by the caregiver depending on the needs of the
patient and the specific equipment attached to the ambula-
tory patient monitor. If an ALARM occurs, the patient must
contact the caregiver. If a second ALARM or an ALERT
subsequently occurs, the action is the same: the patient must
contact the caregiver.

If an ALERT occurs without an ALARM, the first action
is for the patient to respond to the message on the display
219 and the voice annunciation (Instruction). In most cases,
following the instructions on the display or from the annun-
ciator will clear the ALERT. However, if the ALERT cannot
be cleared by the patient or in some special situations, the
action is to contact the caregiver. If an ALERT occurs,
followed by an ALARM, the first action required is for the
patient to contact the caregiver. Any ALARM has priority
over the EVENT mode and will immediately switch the
ambulatory patient monitor 20 from EVENT mode to
ALARM mode. No further EVENT inputs will be accepted
until the ALARM is cleared.
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To insure no stored data is lost, if the ambulatory patient
monitor 20 displays a Memory Full Alert, the patient is
directed to contact the caregiver. In some cases, a Battery
Low Alert may cause the ambulatory patient monitor 20 to
display the contact the caregiver message in order to prevent
an ALARM while changing the battery. If the ambulatory
patient monitor 20 detects that the stored INSTRUCTIONS
pertaining to sensor value ranges might be corrupted, the
ambulatory patient monitor 20 displays the contact the
caregiver message.

Table 1 lists example ALARMS and the preferred visual
and auditory warnings to be displayed by monitor 20. Table
2 lists example ALERTS and the preferred visual and
auditory warnings to be displayed by monitor 20. Other
messages and sequences of auditory tones may be used.

TABLE 1
ALARMS
Patient
Trigger Alarm Display Voice Action
Pulse Beep #1  contact “Contact Connect
Oximetry per caregiver caregiver to
Low Instruc- OXYGEN oxygen Communica
tion LOW too low” tion.
Unit
Heart Beep #1  contact “Contact Connect
Rate High  per caregiver caregiver to
Instruc- PULSE pulse Communica
tion RATE HIGH  rate too tion.
high” Unit
Heart Beep #1  contact “Contact Connect
Rate Low per caregiver caregiver to
Instruc- PULSE pulse Communica
tion RATE LOW rate too tion.
low” Unit
Respira- Beep #1  contact “Contact Connect
tion Rate per caregiver caregiver to
High Instruc- BREATHING  breathing Communica
tion FAST too fast” tion.
Unit
Respira- Beep #1  contact “Contact Connect
tion Rate per caregiver caregiver to
Low Instruc- BREATHING  breathing Communica
tion SLOW too slow” tion.
Unit
Temp High Beep #1  contact “Contact Connect
per caregiver caregiver to
Instruc- TEMP HIGH  tempera- Communica
tion ture too tion.
high” Unit
Temp Low  Beep #1  contact “Contact Connect
per caregiver caregiver to
Instruc- TEMP LOW  tempera- Communica
tion ture too tion.
low” Unit
TABLE 2
ALERTS
PATIENT
TRIGGER  ALERT DISPLAY VOICE ACTION
Memory Beep #2 contact “Contact Connect
Full approx. 4 caregiver caregiver to
min. TRANSFER for data Communica
before DATA transfer” tion.
Unit
Battery Beep #2 CHANGE “Replace Replace
Low on occur- BATTERIES  batteries primary
rence NOW now” battery
in APM
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TABLE 2-continued

ALERTS
PATIENT
TRIGGER  ALERT DISPLAY VOICE ACTION
Memory Beep #2 contact “Contact Connect
Pulse Beep #2 FINGER “Check Re-apply
Oximetry on occur- SENSOR finger sensor
Error rence RE- sensor’”
CONNECT
Heart Beep #2 FINGER “Check Re-apply
Rate on occur- SENSOR finger Sensor
Error rence RE- Sensor
CONNECT
Respira- Beep #2 NASAL “Check Re-
tion on occur- SENSOR nasal position
Error rence RE- sensor” sensor
CONNECT
ECG Error  Beep #2 ELECTRODE  “Check Re-apply
on occur- RE- elec- Sensors
rence CONNECT trodes”
Temper- Beep #2 TEMP “Check Re-apply
ature on occur- SENSOR tempera- sensor
Error rence RE- ture
CONNECT sensor’”
System Beep #1 contact “Contact Contact
Malfunc- and #2 on caregiver caregiver caregiver
tion occur- for
rence instruc-
tion”
Event Beep #2 EVENT None None
on occur- required
rence
Cont- No Time of None Diary Log
inuous Day (12 hr
or 24 hr
format)

Event Recording

The ambulatory patient monitor 20 includes an EVENT
key 510 (switch or contact) which the patient (or caregiver)
can use to initiate an EVENT recording. For example, if the
patient is experiencing symptoms, equipment problems
occur, pain is notable, medications are administered, or an
accidental injury occurs, the EVENT recording key 510 may
be selected. When the EVENT key 510 is selected, the
ambulatory patient monitor 20 stores the following infor-
mation: ECG, respiration rate, temperature, pulse oximetry
and pulse rate from one minute prior to the EVENT to five
minutes after the EVENT. After the Event key is pressed, the
sampling data rate for all sensors is increased for five
minutes after the EVENT, then the sampling rate reverts
back to the prior sampling rate. This enables the collection
of a greater number of data points for use in diagnosis. If the
EVENT key 510 is pressed again, before or after the five
minute period has elapsed, the event time is reset for an
additional five minutes of data sampling.

In normal Run Mode (modes are described below) when
an Instruction Table interval has arrived for a specific
measurement, a data record will be recorded to Main
Recording Memory 222 as well as to Temporary Recording
Memory 223. As a rule, a record will be recorded to Main
Recording Memory 222 for each time that any bit in an
internal 32 bit status register has changed state. It is possible
for a caregiver at a host station to perform an audit of the
ambulatory patient monitor 20 by examining the status of
retrieved records. The internal status register reflects status
of ALERTS, ALARMS, memory and other internal param-
eters.

In Alarm Mode, the previous 60 seconds, or sixty records,
from Temporary Recording Memory 223 are copied to
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Main-Recording Memory 223. Then real-time records are
recorded to both Temporary Recording Memory 223 and to
the Main Recording Memory 222 at one record per second
until a data link command is received which terminates the
Alarm Mode.

In Event Mode, the previous 60 seconds or 60 records,
from Temporary Recording Memory 223 are copied to Main
Recording Memory 222. Then real-time records are
recorded to both Temporary Recording Memory 223 and to
the Main Recording Memory 222 for a time limit deter-
mined by the Instruction Table. In Idle Mode, no records are
recorded. Real-Time Clock (RTC) 221 places an RTC stamp
on every record either in Temporary Recording Memory 223
or Main Recording Memory 222.

Microcontroller 201 controls the memory management
tasks in accordance with a task flow routine. Referring to
FIGS. 14A-14C, the microcontroller 201 begins the
memory routine, which is executed every one second, at step
520. The routine checks if the buffer flag is zero at step 522
indicating the buffer is full. If true, the routine points to the
double buffer 0 at step 524. If false, the routine points to the
double buffer 1 at step 525. Next the routine checks if the
oximetry system is enabled at step 528. If true, the routine
stores the current oximetry data in the oximetry buffer of
temporary memory 223 at step 530. If not enabled, the
routine stores null data in the oximetry buffer at step 532.
Next the routine checks if the core temperature system is
enabled at step 534. If true, the routine stores the current
temperature data in the temperature buffer in memory 223 at
step 536. If false, the routine stores null data for the core
temperature at step 538.

Next the routine checks if the respiratory module is
enabled at step 540. If true, the routine stores the current
respiratory data in the respiratory buffer of memory 223 at
step 542. If not, the routine stores null data in the respiratory
buffer at step 544. In step 546 the routine gets the current
time from the real time clock 221 and stores it in memory
223.

At step 548 the routine checks if the ECG leads are
properly attached. If not, the routine sets a timer at step 550.
The routine checks if the timer has expired at step 552. If the
timer has expired, the routine sets the ECG alert at step 556.
If the timer has not expired, the routine continues at step
560. If the ECG leads are properly attached, the routine
resets the ECG alert at step 558.

At step 560 the routine stores the current ECG gain value
in the ECG status register. At step 562 the routine updates
the record with the current status. At step 564 the routine sets
the status to pretriggered. At step 566 the routine records the
ECG record to memory 223. At step 568 the routine removes
pretriggered from the status buffer.

At step 570 the routine checks if the memory 223 is full,
by checking if the record flag is set. If false, the routine
jumps to the end of the loop at step 588. If true, the routine
resets the record flag at step 572. At step 574 the routine
writes the records from memory 223 to flash memory 222.
At step 576 the routine moves indexes. At step 578 the
routine checks the value of the flash memory index. If the
index is indicated as full, the routine sets the memory full
alert at step 580. If the index indicates the memory is not
full, the routine resets the memory full alert at step 582. At
step 584 the routine checks if the memory is within a fixed
distance of being full. If true, the routine initiates a block
erase of the size of the fixed distance at step 586. If not, the
routine ends at step 588.

Instructions

Preferably, two Instruction Tables are stored in the ambu-
latory patient monitor 20, called Instruction Table 1 and 2.
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Each Instruction Table contains parameters as shown below.
If an Instruction Table is in effect, the parameters of the table
are used to govern the operations of the ambulatory patient
monitor 20. Each Instruction Table includes a START/STOP
entry that determines what segment of a 24-hour period that
the Instruction Table is in effect. Instruction Tables can be set
and read back by command via the data link. An Instruction
Table can be disabled by setting its START/STOP time
parameters with identical values. Instruction Tables are
maintained in non-volatile EEPROM 224 in ambulatory
patient monitor 20.

Each Instruction Table includes check bytes that are
generated by the host system as Instructions are transmitted
to the ambulatory patient monitor 20 via data link. The
ambulatory patient monitor 20 routinely checks the validity
of the Instruction Tables using these check types. If an
Instruction Table is not valid, the system will set an Alert and
go to Idle Mode.

Start/Stop Time for the Instruction Tables is expressed in
hours past midnight. Examples:

Start=0/Stop=6==>prescription is active from midnight to
6 AM;

Start=13/Stop=2==>prescription is active from 1PM to

2AM;

Start=2/Stop=2==>prescription is inactive.

Event Time Duration (range 0 to 100 sec)—when the
event button is depressed, the previous 60 seconds of data
are recorded, followed by records over the event time
duration.

INSTRUCTION TABLE
RANGE
OXIMETRY
Oximetry Measurement On/Off
System Enable/Disable
SpO, Alarms Enable/Disable On/Off

SpO, Time Between 0-1000 seconds
Recordings

SpO, Recording Duration
Low SpO, Limit

High SpO, Limit (high must
be greater than low)
Maximum out of limit of
SpO, duration

0-1000 seconds
50-100%
50-100%

0-100 seconds

Heart Rate Alarms On/Off
Enable/Disable

Heart Rate Time between 0-1000 seconds
Recordings

Heart Rate Recording 0-1000 seconds
Duration

Low Heart Rate Limit
High Heart Rate Limit
(must be greater than low)
Maximum out of limit of
heart rate duration

30250 beats/min.
30250 beats/min.

0-100 seconds

TEMPERATURE

Temperature Measurement On/Off
System enable/disable

Temperature alarms On/Off

enable/disable

Time between Temp.
recordings

Recording duration

Low Temp limit

High Temp limit

Maximum out of limit Temp
duration

0-1000 seconds

0-1000 seconds
90-106 degrees F.
90-106 degrees F.
0-100 seconds
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-continued

INSTRUCTION TABLE

RANGE

RESPIRATORY
Respiratory Measurement On/Off
System Enable/disable
Respiratory alarms
enable/disable

Time between respiratory
rate recordings
Recording duration

Low Rate limit

High Rate limit
Maximum out of limit
duration

ECG

On/Off
0-1000 seconds

0-1000 seconds
3-45 breaths/min
345 breaths/min
0-100 seconds

ECG Measurement system On/Off
enable/disable

Time between ECG recording
sessions

Duration of ECG recording
session

0-1000 seconds

0-1000 seconds

A Time Between Recording of 0 will cause the measure-
ment set to be recorded “real-time,” or once per second. If
Low or High Limit Value is set to 256, then the physiological
alarm associated with that parameter is disabled. An Instruc-
tion must be active if recorded records are to include
measurement data and if alarms are to be armed. Otherwise
only Null records are recorded. Null records contain null
data with valid RTC data and status. The Alarms enable/
disable parameter will disable all alarms of the system when
disabled. This does not impact ALERTS. ALERTS pertain-
ing to a measurement are always armed, unless the mea-
surement system is disabled.

During an ALARM, the corresponding out-of-range value
will be displayed. Pressing the REVIEW key will cause the
display to alternate between the out-of-range alarm value
and the corresponding alarm limit with each press.

As stated above, a preferred embodiment of the patient
home management system 10 includes an ambulatory
patient monitor 20 connected to four sensors: oximetry
(arterial pulse oxygen saturation (S,0,) and heart rate (pulse
rate)), electrocardiogram, temperature and respiration rate.
The ambulatory patient monitor 20 interfaces with the
communications unit 30 which communicates with the car-
egiver at a remote location. The caregiver uses the remote
control software 410 to program, monitor and retrieve data
from the ambulatory patient monitor 20 and the communi-
cations unit 30. ALARMS may be set by the caregiver using
the remote control software 410 to establish INSTRUC-
TIONS and are transferred to the ambulatory patient monitor
20 by the communications unit 30. Once programmed, the
ALARMS may only be changed by the caregiver using the
remote control software 410. The INSTRUCTIONS are then
sent to the communications unit 30 for downloading to the
ambulatory patient monitor 20. ALARMS are locked until
reset by the caregiver.

ALERT test limits are stored in both the ambulatory
patient monitor 20 and the communications unit 30 and
cannot be changed by commands from the communications
unit 30. ALERTS are reset and clear automatically when the
problem causing the ALERT is cleared.

When an ALARM is triggered, the power ON/OFF key
508 of the ambulatory patient monitor keyboard is disabled
until the ALARM data is transferred to the caregiver via the
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communications unit 30 and a release command is received
from the caregiver.

The ambulatory patient monitor 20 can operate from its
own source of power, i.e. a battery, such as when it is being
worn by a patient. The ambulatory patient monitor 20 can
also operate from an external source of power from the
communications unit 30 when it is coupled to the commu-
nications unit 30. The ambulatory patient monitor 20 pref-
erably operates from two batteries: a primary battery and a
backup battery. If primary battery power is removed while
the ambulatory patient monitor 20 is in ALARM mode, a
Back-up Audio Tone is enabled (powered by the second
battery) and remains ON until the primary battery is
replaced. If the RUN mode is then activated, the ALARM
mode will continue. The Back-up Audio Tone is also enabled
by a watchdog timer reset or an abnormal primary power
shut-down. Batteries should be replaced only after the
ambulatory patient monitor 20 is connected to an alternate
power supply through the communications unit 30.

When batteries are low, the ambulatory patient monitor 20
can be connected to the communications unit 30 (which
operates off line current) while the batteries are being
replaced. This enables the patient to be continuously moni-
tored without having to turn off the ambulatory patient
monitor 20.

Microcontroller 201 drives the keypad and power man-
agement operation in accordance with a task flow routine.
Referring to FIG. 18 the microcontroller 201 begins the
routine at step 900. This loop executes every 50 millisec-
onds. At step 902 the routine suspends the 50 msec timer. At
step 904 the routine checks if the backlight timer has
expired. If true, the routine turns off the backlight at step
906. If not the routine performs a matrix scan to determine
if any key has been depressed at step 908. At step 910 the
routine debounces any key held down for greater than 50
msec.

At step 912 the routine checks if the key has been
debounced. If not, the routine continues at step 920. If it has,
the routine checks if the run/hold key is depressed at step
914. If not, the routine continues at step 920. If the run/hold
key has been depressed, the routine checks if it was
depressed before the power switch at step 916. If true, the
routine powers down the system at step 918. If false, the
routine continues at step 920.

At step 920 the routine checks if external power is being
used. If not, the routine sets the backlight timer for two
seconds at step 922. If true, the routine sets the backlight
time for continuous at step 924. At step 926 the routine
checks the batteries and issues alerts if one or more need
changing. At step 928 the routine checks if line dropout is
okay. If not, the routine begins system shutdown at block
930. If true, the routine checks if the backup alarm has been
tripped at step 932. If true, the routine sets the alert at step
934. If false, the routine ends at step 936.

Modes and Operation of Ambulatory Patient
Monitor

The microcontroller 201 controls all of the various sub-
systems of the ambulatory patient monitor 20 including
audio alarms, front panel switches, LCD status display,
solid-state memory watchdog timers, power supply
regulators, and a two-way serial interface.

Data Storage: Data is stored, preferably, for 24 hours and
then downloaded by the use of a direct cable connection to
the communications unit 30; however, the ambulatory
patient monitor 20 preferably includes the capacity to store
patient data for a week under the no-alarm conditions
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described below. The following data rates for sampling of
the various sensor data are preferred:

ECG—15 seconds of data every 5 minutes for most recent

24 hours;

Pulse Oximetry and Pulse Rate—15 samples per minute

for most recent 24 hours;

Temperature—1 sample per minute for most recent 24

hours;

Time/Date—1 sample per minute for most recent 24

hours;

System Error Alarms—1 sample per alarm.

“Real-Time” Data Transfer Rate: Data is preferably trans-
ferred to the communications unit 30 preferably in “real-
time” at the following data rates:

ECG—240 samples per second;

Pulse Oximetry and Pulse Rate—1 sample per second;

Temperature—1 sample per 60 seconds;

Time/Date—1 sample per 60 seconds.

Speech Synthesizer: A speech synthesizer may be
included which drives a speaker within the ambulatory
patient monitor 20. The recorded vocabulary may be used to
provide Instructions to the user with each ALARM or
ALERT. The volume of the voice output may be adjustable
by the user.

Disposables: Preferably the following disposables will be
used with the system 10: Pulse oximetry sensor finger cover;
ECG electrodes; Batteries; Nasal cannula respiration sensor
for day and night use; Sensor Placement Template; Tape
strips to secure wires, temperature Sensor Covver.

The ambulatory patient monitor 20 has four modes of
operation. The monitor 20 can go from one mode to another.
Changing modes will cause at least one record to be
recorded in main memory 224, such that an audit of the
change (shown in internal status) can be maintained. RUN
MODE (or NORMAL MODE) is the default mode of the
ambulatory patient monitor 20. It is invoked on power-up,
and it can be invoked via data link command. In this mode,
the ambulatory patient monitor 20 continually monitors
ALARMS and ALERTS. It records data records to the Flash
Memory 222 according to an Instruction Table. Even if all
measurement systems are disabled, or if Instructions are
disabled, the ambulatory patient monitor 20 will record null
records to the FIFO memory.

ALARM MODE begins when an alarm has tripped. The
previous 60 seconds (60 records) of data from the FIFO
memory 223 are stored to Flash Memory 222. Then a
real-time record is stored to both temporary 223 and to
FLASH memory 222 every second. This mode will continue
until it is commanded to end via a data link command, or the
ambulatory patient monitor 20 is powered down.

EVENT MODE is similar to Alarm Mode, except that a
finite number of records are recorded. The Event Key 510 is
located on the ambulatory patient monitor 20 front panel,
and it can be invoked by the patient while the unit is in RUN
MODE. Event Key activation will cause the ambulatory
patient monitor 20 to copy the previous 60 seconds of record
from Temporary memory 223 to Flash Memory 222. Then
real-time records will be recorded to temporary memory 223
and to flash memory 222 at the rate of 1 record per second
for a specific length of time as determined by the Instruction
Table. Once this time is reached, the unit will return to
Normal Mode operation unless alarms have been triggered
while in Event Mode. If so then the ambulatory patient
monitor 20 goes to Alarm Mode. If the patient invokes the
Event Key before the time limit expires, then the limit timer
is reloaded while the unit continues in Event Mode. The user
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could continually extend Event Mode operation by continu-
ally depressing the Event Key.

In IDLE MODE no data recording or data acquisition is
performed. The monitor 20 will respond to data link com-
mands.

In Run Mode, Alarm Mode, and Event Mode all of the
measurement systems will continuously acquire sensor data
and process their respective data unless a specific data link
command is issued that directs the ambulatory patient moni-
tor 20 to go to Idle Mode. There are other methods to disable
certain measurement systems, such as from specific Instruc-
tions.

Microcontroller 201 drives the monitor 20 in accordance
with a control task flow routine. Referring to FIGS.
17A-17F, the microcontroller 201 begins the routine at step
1000. At step 1002 the routine loops until one second has
passed. At step 1004 the routine checks if the unit is in
forced mode. If true, at step 1006 the routine checks if the
monitor 20 is being forced to idle mode. If true, the routine
puts the monitor 20 in idle mode at step 1008 and continues
to the end of the loop at step 1018. If not forced into idle
mode, the routine checks if the monitor 20 is being forced
into run mode at step 1010. If true, the routine puts the
monitor 20 in unforced run mode at step 1012 and continues
to step 1024. If not in forced run mode, the routine checks
if the monitor 20 is being forced to alarm mode at step 1014.
If true, the routine puts the monitor 20 into forced alarm
mode at step 1016 and then continues to the end of the loop
at step 1018. If not in forced alarm mode, the routine checks
if the monitor 20 is being forced to event mode at step 1020.
If true, the routine puts the monitor 20 in forced event mode
until the event time out and then continues to unforced run
mode.

At step 1024 the routine checks if any alarms are pending.
If yes, the routine branches to the alarm mode processing
subroutine at step 1026 and then to the end of the loop at step
1038. If not alarms are pending, the routine checks if any
alerts are pending at step 1028. If yes, the routine goes to
event mode processing at step 1030 and then to the end of
the loop at step 1038. If no alerts are pending, the routine
fetches the values in the Instruction Tables at step 1032. At
step 1034, the routine checks if the values are valid. If not
valid, the routine sets an alert and goes to idle mode
processing at step 1036 and then to the end of the loop at step
1038.

If the Instruction values are valid, the routine checks if the
Instruction is active at step 1040. If not, the routine goes to
idle mode processing at step 1042 and then to the end of the
loop at step 1054. If the values are valid, the routine remains
in run mode at step 1044. At step 1046 the routine checks if
the run/hold switch is depressed. If yes, the routine queues
to message task at step 1048, then goes to the end of the loop
at step 1054. If not, the routine checks if the volume
switches are depressed. If yes, the routine queues to the
message task at step 1052, then goes to the end of the loop
at step 1054. If not, the routine goes to the end of the loop
at step 1054.

When idle mode processing is called at step 1060, the
routine checks if the monitor 20 is already in idle mode. If
true, the subroutine ends at step 1070. If false, the routine
sets the mode to idle mode at step 1064 then records the state
in flash memory 222 at step 1068, then ends at step 1070.

When alarm mode processing is called at step 1072, the
routine checks if the monitor 20 is already in alarm mode at
step 1074. If true, the routine jumps to step 1082. If not, the
routine checks if the monitor 20 is already in event mode at
step 1076. If yes, the routine jumps to step 1082. If not, the
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routine writes 60 records from temporary memory 223 to
flash memory 222 in step 1078. At step 1080 the routine sets
the mode to alarm mode.

At step 1082 the routine instructs the memory task to
write the current real time record to memory 222. At step
1084 the routine checks if the run/hold switch is depressed.
If true, the routine queues to message task at step 1086. If
not, the routine checks if volume switches are depressed at
step 1088. If true, the routine queues to message task at step
1089. If not, the routine goes to the end of the loop at step
1090.

When event mode processing is called at step 1092, the
routines waits 15 seconds between successive event pro-
cessing at step 1094. At step 1096 the routine checks if
monitor 20 is already in event mode. If true, the routine
jumps to step 1108. If not, the routine writes 60 records from
memory 223 to memory 222 in step 1098. At step 1100 the
routine sets the mode to event mode. At step 1102 the routine
checks if the current Instruction is in force. If false, the
routine uses five seconds for the event duration at step 1104
and continues at step 1108. If true the routine sets the timer
to the Instruction value at step 1106. At step 1108 the routine
checks if the timer has expired. If yes, the routine sets the
mode to run mode at step 1110. If not the routine starts
recording the current record to memory 222 at step 1112. At
step 1114 the routine checks if the run/hold key is depressed.
If true, the routine queues to message task. If not, the routine
checks if the volume switch are depressed. If true, the
routine queues to message task at step 1120. If not, the
routine ends at step 1122.

The message task flow chart is shown in FIGS. 19A-19B.
When a message is queued to the message task, at step 940,
the routine suspends the task for 450 milliseconds at step
942. At step 944 the routine enables the green “run” LED.
At step 946 the routine checks for any pending alerts or
alarms. If any are pending, the routine checks if the mute
button is depressed at step 952. If yes, the routine enables an
audio mute for two minutes at step 954. If not, the routine
activates the red “Alert/Alarm” LED at step 956. At step
958, the routine suspends the task for 50 milliseconds. At
step 960 the routine deactivates the LEDs. At step 962 the
routine checks if any alarms are pending. If true, the routine
follows the alarms protocol at step 964. If not, the routine
follows the alerts protocol in step 966.

If no alerts/alarms are pending, the routine checks if an
event is in process at step 948. If true, the routine causes the
message, “Event in Progress” to be displayed on display 219
at step 950. If not, the routine causes the time of day to be
displayed on display 219 at step 968. At step 970 the routine
suspends the task for 50 milliseconds, then deactivates the
LEDS at step 972.

At step 974 the routine checks if the volume buttons are
depressed. If true, the routine causes a beep to be sent to the
speaker and updates the volume register at step 976. If false,
the routine suspends the task for 500 milliseconds at step
978. At step 980 the routine checks if the volume buttons
have been depressed. If yes, the routine sends a beep and
updates the volume register at step 982. If not, the routine
ends at step 984.

Respiration Rate Algorithm: The respiration rate algo-
rithm is designed to detect respiration by identifying tem-
perature changes at the nostrils which are driven by the flow
of air over the sensors. These temperature changes are
converted into an estimation of respiration rate on a breath-
by-breath basis. The Respiration Rate Calculation Algorithm
uses a variant of the Smith Algorithm (A simplified
Approach to Peak Detection in Digitized Intrauterine Pres-
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sure Waveforms, Roger P. Smith, MD Biomedical Instru-
mentation & Technology, July 1989).

In the respiration rate algorithm, three detection windows
are used to detect respiratory cycle peaks of a summed
matrix of thermistors placed at the mouth and nose. The
algorithm takes the time between each of the peaks and
calculates breath rate per minute.

Referring to FIG. 12, the large Detection Window in the
Smith Algorithm, represented in the waveform diagram
contains a searchpoint, SP, which travels along the respira-
tory waveform, sample per sample. The window itself is a
spread of N samples, with the SP situated in the center of the
window. The window contains a difference parameter DIFF,
expressed in digitized analog units or DAU, that is used at
the boundaries of the window. The boundaries of the win-
dow are expressed as sample points —N/2 and N/2.

As the SP moves to each successive sample point of the
waveform, the following test is performed: If the data at the
SP minus the data found at sample —-N/2 is greater than DIFF
and if the data at the SP minus data found at sample N/2 is
greater than DIFF, then this means that the window has
encountered a peak in the waveform. Further, the local
maxima of this peaks lies between the SP and the sample
N/2. After the local maxima is determined, then further SP
testing is suspended until the SP moves to the past sample
N/2 location. This is to prevent the algorithm from detecting
again the same peak.

A counter, called SampleDelta, is used to accumulate the
number of samples between local maxima’s of successive
peaks. SampleDelta can then be converted into the instan-
taneous respiratory (breath) rate per minute. To maintain
stability of calculated respiratory rate a weighted respiratory
function is used, which uses a chosen weight factor, a, to
calculate the weighted respiratory rate as follows:

weighted respiratory rate (new)=weighted

respiratory rate (old)*o+instantaneous

respiratory rate*(1-a).

The constant, o, can be any number between 0 and 1.

Because respiratory rate can vary so widely, (from 4 to 40
breaths per second), several concurrent detection windows
may be employed about the search point. Each window will
have its own DIFF parameter. One window can be optimized
to detect more slower peak waveforms, while another can be
optimized to search for the faster peak waveforms. As a
protection a rejection window can be employed, such if the
peak is to narrow, it can be classified as a noise spike and
ignored in the calculation process. Such is shown in the
waveform diagram.

The three detection window algorithm as used in the
patient ambulatory monitor 20 is shown in the flow diagram
of FIGS. 13A-13B. After all ring buffer pointers are moved
forward in step 602, the large window detection is per-
formed in step 604. The routine checks if a peak is detected
in step 606. If true, the peak detected flag is set in step 608.
If false, the small window detection is performed in step
614. The routine checks if a peak is detected in step 612. If
true, the peak detected flag is set in step 614. If false, the
routine continues to step 616 where it checks for the peak
flag set. If false, no peak is detected and the routine
continues with the search at step 618 and returns to step 602.
If a peak is found the routine performs the narrow rejection
window detection in step 620 looking for the decrease in the
value. At step 622 the routine checks for the peak. If the peak
flag is still tripped, the routine stops the search at step 624
until the peak has been passed. If the search is past the peak,
the routine locates the local maxima of the peak, marks the
sample number and subtracts the last peak’s sample number
from the current one in step 626.
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In step 628 the routine checks the value of the difference.
If less than ten, indicating not a reasonable value, the peak
is ignored and the search is continued at step 630. At step
634 the routine checks if the difference is greater than 140.
If true, this also indicates not a reasonable value, but the
peak is recorded for reference for future peak comparisons
at step 636. If false, at step 638 the maxima sample point is
saved as a reference. Now the routine performs the weighted
average, calculates and outputs the instantaneous breath rate
and the weighted average breath rate. At step 640 no search
is performed until the peak has been passed. The routine
loops until all data has been evaluated under the algorithm.

Remote Control Software

The caregiver can download stored data and send new
Instructions from a remote location using remote control
software. The remote control software can provide real-time
interaction when the patient is dialed in and connected. It
can review data stored in ambulatory patient monitor 20 or
communications unit 30. It can schedule interactions
between communications unit 30 and patient or clinician.
The remote control software enables the caregiver to control
the ambulatory patient monitor 20 through communications
unit 30. Preferably the remote control software communi-
cates with the communications unit 30 through modem to
modem connection. The remote control software can store
data pertaining to patient and settings/instructions for the
ambulatory patient monitor 20 and communications unit 30.
When connected to the communications unit 30, the remote
control software can initiate measurements of sensors
attached to communications unit 30. If not connected, the
remote control software can dial up, establish a connection
with the communications unit and order a specific measure-
ment.

If the ambulatory patient monitor 20 is not connected to
the communications unit 30, the remote control software can
send a message to the communications unit to connect to the
ambulatory patient monitor 20. Then it can send a message
to make a measurement of a specific sensor attached to
ambulatory patient monitor 20. Then the ambulatory patient
monitor 20 makes the measurement, stores the data for the
prescribed time period, transfers the data to the communi-
cations unit 30, then the communications unit 30 transmits
the data to the remote control software.

When the monitor 20 is connected to the communications
unit and receives a communications signal, the microcon-
troller 201 executes the communications link task routine.
Referring to FIGS. 20A-20C, the communication task
begins at step 1200. At step 1202 the routine waits for the
communication signal RXRDSEMA or 50 milliseconds. If
this is false, the routine branches to step 1232. If true, the
routine checks the checksum and for other errors in the data
stream. At step 1206 the routine checks if there are no errors.
If there are errors, the routine sets the error flag, builds the
error response at step 1208 and continues to step 1222. If no
errors, the routine checks for a receive timeout at step 1210.
If true, the routine sets the error link at step 1212 and
continues to step 1222. If false, the routine checks for a valid
operations code at step 1218. If invalid, the routine builds a
response at step 1220. If true the routine processes the
opcode. Then the routine checks for normal process return at
step 1224.

If the process return is not normal, the routine ends at step
1230. If the process routine is normal, the routine builds the
response checksum at step 1224. At step 1228 the routine
hands the response to the UART 225 and the loop ends at
step 1230.
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At step 1232 the routine checks for another command
character receipt. If true, the routine resets the time-
between-character timer at step 1234. If false the routine
checks for the char timer elapse. Maximum time between
characters if 75 milliseconds. If true, the command string is
corrupted and is processed at step 1238, then the timeout
timer and timeout flag are set at step 1240 and the routine
returns to step 1210. If false the routine checks for the
timeout flag set at step 1242. If false, the routine resets the
timeout flag at step 1246. If true, the routine checks for the
timeout timer expired at step 1244. If false the routine
returns to step 1242. If true, the routine resets the timeout
flag at step 1246. The loop ends at step 1248.

While there has been illustrated and described a particular
embodiment of the present invention, it will be appreciated
that numerous changes and modifications will occur to those
skilled in the art, and it is intended in the appended claims
to cover all those changes and modifications which followed
in the true spirit and scope of the present invention.

What is claimed is:

1. A patient management system for monitoring a plural-
ity of physiological conditions of a patient in a facility,
comprising:

a programmable patient monitor for monitoring and

recording a plurality of physiological condition data of
a patient;

a plurality of patient monitoring sensors, each sensor
detecting a particular physiological condition of the
patient and generating physiological condition data
representative thereof and being electrically coupled to
the programmable patient monitor; and

a communications unit disposed in the facility for com-
municating with a remote controller, and selectively
coupled to the programmable patient monitor for
receiving, storing and transmitting to the remote con-
troller patient physiological condition data and for
transmitting instructions from the remote controller to
the programmable patient monitor;

wherein the programmable patient monitor monitors the
recorded physiological condition data in accordance
with a stored instruction comprising a predetermined
range of values and generates a patient alarm signal in
response to a monitored physiological condition data
being outside the predetermined range;

wherein the alarm signal is resettable only upon receipt of
a new instruction from the remote controller;

wherein the programmable patient monitor monitors
operation of the plurality of patient monitoring sensors
within a predetermined set of operational values and
generates an alert signal in response to a detected
operation outside the predetermined set;

wherein the alert signal is resettable upon the patient
monitor detecting operation of the patient monitoring
sensors within the predetermined set.

2. The patient management system of claim 1, wherein the
plurality of patient monitoring sensors comprise a core
temperature sensor, electrocardiogram electrodes, a respira-
tion sensor and a pulse oximetry sensor.

3. The patient management system of claim 1, further
comprising an event switch, operable by the patient, wherein
upon closing of the event switch the programmable patient
monitor stores patient physiological condition data for a
predetermined period of time.

4. The patient management system of claim 3, wherein the
predetermined period of time comprises a period of about
one minute prior to closing of the event switch to a period
of about one minute after closing of the event switch.
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5. The patient management system of claim 1, wherein the
remote monitor comprises:

a controller for programming the programmable patient
monitor when the programmable patient monitor is
coupled to the communications unit and for retrieving
the stored patient physiological data from the commu-
nications unit; and

a routine for generating an instruction to reset the alarm
signal.

6. The patient management system of claim 1, wherein the
communications unit further comprises a device for com-
municating with the remote controller.

7. The patient management system of claim 6, wherein the
device for communicating with the remote controller com-
prises a modem.

8. The patient management system of claim 6, wherein the
device for communicating with the remote controller com-
prises a voice over data modem.

9. The patient management system of claim 6, wherein the
device for communicating with the remote controller com-
prises a wireless transceiver.

10. The patient management system of claim 6, wherein
the device for communicating with the remote controller
comprises an RF transceiver.

11. The patient management system of claim 6, wherein
the device for communicating with the remote controller
comprises an IR transceiver.

12. The patient management system of claim 6, wherein
the remote controller further comprises a device for com-
municating with the communications unit and a routine for
automatically contacting the communications unit at prede-
termined times.

13. The patient management system of claim 12, wherein
the device for communicating with the communications unit
comprises a modem.

14. The patient management system of claim 12, wherein
the device for communicating with the communications unit
comprises a voice-over-data modem.

15. The patient management system of claim 12, wherein
the device for communicating with the communications unit
comprises a wireless transceiver.

16. The patient management system of claim 12, wherein
the device for communicating with the communications unit
comprises an RF transceiver.

17. The patient management system of claim 12, wherein
the device for communicating with the communications unit
comprises an IR transceiver.

18. The patient management system of claim 1, wherein
the programmable patient monitor further comprises a dis-
play for displaying messages.

19. The patient management system of claim 18 wherein
the display produces textual messages.

20. The patient management system of claim 18 wherein
the display produces graphical images.

21. The patient management system of claim 18, wherein
the programmable patient monitor further comprises a
speaker for providing audio output.

22. The patient management system of claim 21, wherein
the alarm signal comprises a message displayed on the
display and an audio signal output by the speaker.

23. The patient management system of claim 21, wherein
the alarm signal comprises a voice message and audio tones.

24. The patient management system of claim 1, further
comprising: a plurality of additional patient monitoring
sensors, each sensor detecting a particular physiological
condition of the patient and generating physiological con-
dition data representative thereof and being selectively elec-
trically coupled to the communications unit.
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25. The patient management system of claim 24, wherein
the additional plurality of patient monitoring sensors com-
prises a thermometer, a blood pressure sensor, a weight
sensor, a spirometer, a blood gas sensor, a pulse rate sensor
and a blood-oxygen sensor.

26. The patient management system of claim 24, wherein
the communications unit generates a signal to advise the
patient to attach the additional patient monitoring sensors
and take a measurement.

27. The patient management system of claim 26, wherein
the plurality of patient monitoring sensors coupled to the
programmable patient monitor comprise a core temperature
sensor, electrocardiogram electrodes, a respiration sensor
and a pulse oximetry sensor.

28. The patient management system of claim 27, wherein
the remote controller further comprises a fault tolerant
routine for comparing data from the core temperature sensor
and the temperature sensor.

29. The patient management system of claim 28, wherein
the fault tolerant routine compares data from the respiration
sensor, the electrocardiogram sensor and the blood pressure
Sensor.

30. The patient management system of claim 29, wherein
the communications unit monitors operation of the addi-
tional plurality of patient monitoring sensors within a pre-
determined set of operational values and generates an alert
signal in response to a detected operation outside the pre-
determined set.

31. The patient management system of claim 30, wherein
the communications unit further comprises a display for
displaying messages.

32. The patient management system of claim 31, wherein
the communications unit further comprises a speaker for
providing audio output.

33. The patient management system of claim 32, wherein
the alert signal comprises a message displayed on the
display and an audio signal output by the speaker.

34. The patient management system of claim 33, wherein
the alert signal comprises a voice message and audio tones.

35. A programmable patient monitor for monitoring and
recording a plurality of physiological condition data of a
patient in a facility, comprising:

a plurality of sensor interface circuits for interfacing with

a plurality of patient monitoring sensors, each circuit
receiving a physiological signal representative of a
physiological condition detected by a particular patient
monitoring sensor;

a memory for storing data representative of the received
patient physiological signals and for storing instruc-
tions received from a remote controller disposed at a
location remote from the facility through a communi-
cations unit disposed at the facility; and

a controller for comparing the stored physiological data
with a stored instruction comprising a predetermined
range of values and for generating a patient alarm
signal in response to a stored physiological data being
outside the predetermined range and for comparing
operation of the plurality of patient monitor sensors
with a predetermined set of operational values and for
generating an alert signal in response to a detected
operation outside the predetermined set;

wherein the alarm signal is resettable only upon receipt of
a new Instruction from the remote controller; and

wherein the alert signal is resettable upon the detection of
operation of the patient monitoring sensors within the
predetermined set.
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36. The programmable patient monitor of claim 35,
wherein the plurality of patient monitoring sensors comprise
a core temperature sensor, electrocardiogram electrodes, a
respiration sensor and a pulse oximetry sensor.

37. The programmable patient monitor of claim 35, fur-
ther comprising an event switch, operable by the patient,
wherein upon closing of the event switch the programmable
patient monitor stores patient physiological condition data
for a predetermined period of time.

38. The programmable patient monitor of claim 37,
wherein the predetermined period of time comprises a
period of about one minute prior to closing of the event
switch to a period of about one minute after closing of the
event switch.

39. The programmable patient monitor of claim 35, fur-
ther comprising a display for displaying messages.

40. The programmable patient monitor of claim 39
wherein the display produces textual messages.

41. The programmable patient monitor of claim 39
wherein the display produces graphical messages.

42. The programmable patient monitor of claim 39, fur-
ther comprising a speaker for providing audio output.

43. The programmable patient monitor of claim 42,
wherein the alarm signal comprises a message displayed on
the display and an audio signal output by the speaker.

44. The programmable patient monitor of claim 43,
wherein the alarm signal comprises a voice message and
audio tones.

45. A programmable patient monitor for monitoring and
recording a plurality of physiological conditions of a patient
in a facility, comprising:

a plurality of sensor interface circuits for interfacing with

a plurality of patient monitoring sensors, each receiving
a physiological signal representative of a physiological
condition detected by a particular patient monitoring
Sensor;

a memory for storing data representative of the received
patient physiological signals and for storing instruc-
tions received from a remote controller disposed at a
location remote from the facility through a communi-
cations unit disposed at a facility; and

a controller for comparing the stored physiological data
with a stored instruction comprising a predetermined
range of values and for generating a patient alarm
signal in response to a stored physiological data being
outside the predetermined range;

wherein the plurality of patient monitoring sensors com-
prise a core temperature sensor, electrocardiogram
electrodes, a respiration sensor and a pulse oximetry
Sensor;

wherein the alarm signal is resettable only upon receipt of
a new instruction from the remote controller;

wherein the controller monitors operation of the plurality
of patient monitoring sensors within a predetermined
set of operational values and generates an alert signal in
response to a detected operation outside the predeter-
mined set; and

wherein the alert signal is resettable upon the controller
detecting operation of the patient monitoring sensors
within the predetermined set.

46. The programmable patient monitor of claim 45, fur-
ther comprising an event switch, operable by the patient,
wherein upon closing of the event switch the programmable
patient monitor stores patient physiological condition data
for a predetermined period of time.

47. The programmable patient monitor of claim 46,
wherein the predetermined period of time comprises a
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period of about one minute prior to closing of the event
switch to a period of about one minute after closing of the
event switch.
48. The programmable patient monitor of claim 45, fur-
ther comprising a display for displaying messages.
49. The programmable patient monitor of claim 48, fur-
ther comprising a speaker for providing audio output.
50. The programmable patient monitor of claim 49,
wherein the alarm signal comprises a message displayed on
the display and an audio signal output by the speaker.
51. The programmable patient monitor of claim 50,
wherein the alarm signal comprises a voice message and
audio tones.
52. A communications unit for use by a patient in an
facility, comprising:
apparatus for communicating with a remote controller;
apparatus for communicating with a programmable
patient monitor, for receiving, storing and transmitting
to the remote controller, patient physiological condition
data monitored by the patient monitor and for trans-
mitting instructions from the remote controller to the
patient monitor;
wherein the communications unit transmits instructions
received from the remote controller to the patient
monitor and transmits patient physiological condition
data from the patient monitor to the remote controller;

wherein the patient monitor monitors physiological con-
dition data in accordance with an instruction compris-
ing a predetermined range of values and generates a
patient alarm signal in response to a monitored physi-
ological condition data being outside the predetermined
range;
wherein the alarm signal is resettable only upon receipt of
a new Instruction from the remote controller;

wherein the patient monitor monitors operation of the
plurality of patient monitoring sensors within a prede-
termined set of operational values and generates an
alert signal in response to a detected operation outside
the predetermined set; and

wherein the alert signal is resettable upon the patient

monitor detecting operation of the patient monitoring
sensors within the predetermined set.

53. The communications unit of claim 52, wherein the
apparatus for communicating with the remote controller
comprises a device for communicating with the remote
controller.

54. The communications unit of claim 53 wherein the
device for communicating with the remote controller com-
prises a modem.

55. The communications unit of claim 53 wherein the
device for communication with the remote controller com-
prises a voice-over-data modem.

56. The communications unit of claim 53 wherein the
device for communication with the remote controller com-
prises a wireless transceiver.

57. The communications unit of claim 53 wherein the
device for communication with the remote controller com-
prises an RF transceiver.

58. The communications unit of claim 53 wherein the
device for communication with the remote controller com-
prises an IR transceiver.

59. The communications unit of claim 53, further com-
prising a routine for automatically contacting the remote
controller at predetermined times.

60. The communications unit of claim 52, further com-
prising: a plurality of patient monitoring sensors, each
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sensor detecting a particular physiological condition of the
patient and generating physiological condition data repre-
sentative thereof and being selectively electrically coupled
to the communications unit.

61. The communications unit of claim 60, wherein the
additional plurality of patient monitoring sensors comprises
a thermometer, a blood pressure sensor, a weight sensor, a
spirometer, a blood gas sensor, a pulse rate sensor and a
blood-oxygen sensor.

62. The communications unit of claim 60, further com-
prising a routine for generating a signal to notify the patient
to attach at least one of the additional patient monitoring
sensors and take a measurement.

63. The communications unit of claim 62, wherein the
communications unit monitors operation of the additional
plurality of patient monitoring sensors within a predeter-
mined set of operational values and generates an alert signal
in response to a detected operation outside the predeter-
mined set.

64. The communications unit of claim 60, wherein the
communications unit further comprises a display for dis-
playing messages.

65. The communications unit of claim 64, wherein the
communications unit further comprises a speaker for pro-
viding audio output.

66. The communications unit of claim 65, wherein the
alert signal comprises a message displayed on the display
and an audio signal output by the speaker.

67. The communications unit of claim 66, wherein the
alert signal comprises a voice message and audio tones.

68. A programmable patient monitor for monitoring and
recording a plurality of physiological condition data of a
patient in a facility, comprising:

a sensor interface circuit for interfacing with a patient
monitoring sensor and for generating physiological
condition data representative of the patient’s physi-
ological condition detected by the patient monitoring
Sensor;

a controller for comparing the stored physiological data
with an instruction received from a remote controller
disposed at a location remote from the facility through
a communications unit disposed at the facility, wherein
the instruction comprises a predetermined range of
values, and for generating a patient alarm signal in
response to a stored physiological data being outside
the predetermined range and for comparing operation
of the plurality of patient monitor sensors with a
predetermined set of operational values and for gener-
ating an alert signal in response to a detected operation
outside the predetermined set;

wherein the alarm signal is resettable only upon receipt of
a new instruction from the remote controller;

wherein the alert signal is resettable upon the detection of
operation of the patient monitoring sensors within the
predetermined set; and

a panic switch, operable by the patient, wherein upon
closing of the panic switch, the programmable patient
monitor communicates with the remote controller via
the communications unit.

69. The programmable patient monitor of claim 68, fur-
ther comprising a device for communicating with the com-
munications unit.

70. The programmable patient monitor of claim 69,
wherein the device for communicating with the communi-
cations unit comprises a wireless transceiver.

71. The programmable patient monitor of claim 69,
wherein the device for communicating with the communi-
cations unit comprises a cable.
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72. The programmable patient monitor of claim 69,
wherein the communications unit comprises a device for
communicating with the remote controller.

73. The programmable patient monitor of claim 72
wherein the device for communicating with the remote
controller comprises a modem.

74. The programmable patient monitor of claim 72
wherein the device for communicating with the remote
controller comprises a voice-over-data modem.

75. The programmable patient monitor of claim 72
wherein the device for communicating with the remote
controller comprises a wireless transceiver.

76. The programmable patient monitor of claim 72
wherein the device for communicating with the remote
controller comprises an RF transceiver.

77. The programmable patient monitor of claim 72
wherein the device for communicating with the remote
controller comprises an IR transceiver.

78. The programmable patient monitor of claim 68,
wherein the panic switch comprises two separate switches
which must be closed simultaneously to enable communi-
cation with the remote controller.

79. The programmable patient monitor of claim 68 further
comprising a second panic switch, wherein upon activating
of the second panic switch, the programmable patient moni-
tor communicates with a predetermined location.

80. The programmable patient monitor of claim 79,
wherein the predetermined location comprises a patient’s
family member.

81. The programmable patient monitor of claim 68, fur-
ther comprising a speaker for providing audio output.

82. A method of monitoring a patient’s physiological
condition in an facility, comprising:

providing a plurality of patient monitoring sensors,

wherein each sensor detects a particular physiological
condition of the patient;

providing, from a remote controller, a plurality of
instructions, each instruction comprising a predeter-
mined range of values for a particular sensor;

comparing the detected physiological condition with the
corresponding range of values;

generating a patient alarm signal in response to a detected
physiological condition being outside the predeter-
mined range;

providing the patient alarm signal to the remote control-
ler;

clearing the patient alarm signal only in response to
receiving a clear alarm instruction from the remote
controller, wherein the clear alarm instruction disables
the patient alarm signal;

monitoring operation of the plurality of patient monitor-
ing sensors within a predetermined set of operational
values;

generating an alert signal in response to a detected opera-
tion outside the predetermined set; and

clearing the alert signal only in response to detecting
operation of the patient monitoring sensors within the
predetermined set.

83. The method of monitoring a patient’s physiological
condition in a facility of claim 82, wherein the wherein the
patient alarm signal comprises an auditory tone.

84. The method of monitoring a patient’s physiological
condition in an facility of claim 82, wherein the wherein the
patient alarm signal comprises a voice message and audio
tones.
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85. The method of monitoring a patient’s physiological 87. The method of monitoring a patient’s physiological
condition in an facility of claim 82, further comprising:
storing patient physiological condition data for a prede-
termined period of time. . . L .
86. The method of monitoring a patient’s physiological 3 signal, the alarm signal takes priority over the alert signal.
condition in an facility of claim 82, wherein the alarm signal
comprises a displayed message. ¥ ok ok ok ok

condition in an facility of claim 82, wherein upon generation

of an alarm signal subsequent to generation of an alert
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