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PRESUME POSSIBLE ALLERGIC REACTION: SWITCH DEVICE MODE TO
ASSESS FOR EVIDENCE OF UPPER VS, LOWER AIRWAY DISQRDER

{

ATTACH PATIENT TO MULTIPARAMETER MCNITOR INCLUDING A
CAPNOGRAPH. CONWECT CHEST ELECTRODES, FINGER AND
CEREBRAL SENSORS. COLLECT EXPIRED AIR SAMPLE, CONVEY
TO CAPNOGRAPH; CYCLE NIBP CUFF

{

DETERMINE [C0,], ECG, NIBP, CEREBRAL OXIMETRY AND
SP0, VALUES CONTINUOUSLY; DIGITIZE AS WAVEFORM
AND STORE FOR ANALYSIS

{

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE
WAVEFORM, AND QRS COMLEX. MEASURE HR, BP (SYS/DIA).
SPO, AND ETCO,. MEASURE INITIAL SLOPE (SLOPE) AND TIME
70 RISE TO 80% OF MAX [CO,] (RUN) OF CAPONOGRAM.

{

APPLY DIAGNOSTIC RULE: IF (BP=NORMAL) AND (RR=NORMAL}
AND (SP0,>95% SAT AND ETCO,<45MM HG) DISPLAY *WITAL
SIGNS STABLE”. ELSE "RESPIRATORY IMPAIRMENT".
ADDITIONALLY, IF ((RUN <0.3 SEC AND SLOPE > 100MM HG/SEC)),
DISSLAY "NO BRONCHOSPASM PRESENT: CONSIDER UPPER AIRWAY
DBSTRUCTION", ELSE IF ({RUN>0.3 SEC AND SLOPE<100MM
HG/SEC) DISPLAY "BRONCHOSPASM PRESENT:
CONSIDER LOWER AIRWAY OBSTRUCTION.”

i

STORE/TRANSMIT FINDINGS: ESTABLISH CONNECTION TQ DISPATCH/
RECEIVING CENTER AND FORWARD DATA AND INTERPRETATION TO
REMOTE TERMINAL “OR DISPLAY AND RZVIEW BY MECICAL
QVERSIGHT, TRANSMIT TREATMENT ANC/OR TRANSPORT

RECOMMENDATIONS BACK TO AMBULANCE,
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SENSE PATIENT PHYSIOLOGICAL ACTIVITY E.G.: CARDIAC ACTIMITY
VENTILATION, SYSTEMIC PERFUSION, OXYGENATION, CEREBRAL
PERFUSION E.G. COLLECT EXPIRED AIR SAMPLES,
CONVEY TO CAPNOGRAPH

SAMPLE SENSED VALUES AND STORE AS PHYSIOLOGIC DATA
SEGMENT E.G.: ECG, CAPNOGRAM, NIBP, PULSE OX, EEG,
E.G.: FOR VENTILATION, DETERMINE [CO,] VALUE CONTINUQUSLY
OVER 30 SEC; DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS

!

ANALYZE PHYSIOLOGIC DATA SEGMENT TO DERIVE MEASURED
PATIENT PARAMETERS E.G.: HR, ETCO2, SYS—BP, 02—SAT,
SLOW—WAVE RATIO E.G. FOR CAPNOGRAM, MARK LIMITS OF
INSPIRATION /EXPIRATION, MEASURE INITIAL SLOPE AND
ANGLE OF RISE TO 80% OF MAX [CO,].

APPLY DECISION THRESHOLDS TO MEASURED PATIENT
PARAMETERS TO DETERMINE APPROPRIATE ADVISORY
STATEMENTS. DISPLAY/TRANSMIT ADVISORY STATEMENTS
(INCL. DIAGNOSTIC STATEMENTS (CHARACTER AND SEVERITY)
AND THERAPEUTIC RECOMMENDATIONS) E.G.. "ADMIT PATIENT".
APPLY RULE (IF RUN > 0.3 SEC AND SLOPE < 100 MM
HG/SEC); IF TRUE, PRINT "ALERT: ASTHMA PATIENT".

V

ADMINISTER TREATMENT. DISPLAY/TRANSMIT TRENDED
RESULTS AND ADVISORY STATEMENTS BASED ON ANALYSIS
OF SERIAL COMPARISONS E.G.: "PATIENT IMPROVING”.
AFTER TREATMENT, COMMUTE DIFFERENCES BETWEEN 1ST AND
2ND MEASURES. IF D_RUN < 0.1 SEC AND D_SLOPE
< +15MM HG/SEC, PRINT "ADMIT TO HOSPITAL".

F1G.2
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ATTACH PATIENT TO MULTIPARAMETER
MONITOR INCLUDING A CAPNOGRAPH.
CONNECT CHEST ELECTRODES, FINGER
SENSOR. COLLECT EXPIRED AIR SAMPLE,
CONVEY TO CAPNOGRAPH; CYCLE NIBP CUFF.

!

DETERMINE [CO,], ECG, NIBP, AND SPO,
VALUES CONTINUOUSLY; DIGITIZE AS
WAVEFORM AND STORE FOR ANALYSIS

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM,
PULSE WAVEFORMS, AND QRS COMPLEX OF THE
ECG. MEASURE HR, BP (SYS/DIA). SPO, AND
ETCO,. MEASURE INITIAL SLOPE (SLOPE) AND
TIME TO RISE TO 80% OF MAX [CO,]
(RUN) OF CAPNOGRAM

APPLY DIAGNOSTIC RULE: IF (BP=NORMAL) AND
(RR= NORMAL) AND ((RUN<Q.3
SEC AND SLOPE >100MM HG/SEC)
AND SPO; > 95 AND ETCO, < 45),), DISPLAY
"VITAL SIGNS WITHIN NORMAL LIMITS” ELSE
IF ((RUN>0.3 SEC AND SLOPE<100MM HG/SEC)
AND 91 < SP0,<95 AND ETCO,<45) DISPLAY
"MODERATE. BRONCHOSPASM PRESENT” IF
(CAP—FEV1<50% AND SP0;<91 AND ETCO2>45),
DISPLAY "SEVERE BRONCHOSPASM PRESENT”

FiG.4
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ATTACH PATIENT TO MULTIPARAMETER MONITOR
INCLUDING A CAPNOGRAPH. CONNECT CHEST
ELECTRODES, FINGER AND CEREBRAL SENSORS
COLLECT EXPIRED AIR SAMPLE, CONVEY TO
CAPNOGRAPH; CYCLE NIBP CUFF PRESSURE

\

DETERMINE [CO,], ECG, NIBP, CEREBRAL OXIMETRY
AND SPO, VALUES CONTINUOUSLY; DIGITIZE
AS WAVEFORM AND STORE FOR ANALYSIS

Y

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM,

PULSE WAVEFORMS, AND QRS COMPLEX. MEASURE

HR, BP, (SYS/DIA). SPO, AND ETCO,. MEASURE

INITIAL SLOPE (SLOPE) AND TIME TO RISE TO 80%
OF MAX [CO,] (RUN) OF CAPNOGRAM

]

APPLY DIAGNOSTIC RULE: IF (BP=NORMAL) AND
(RR = NORMAL) AND ((RUN< 0.3 SEC
AND SLOPE >100MM HG/SEC) AND
SPO, >95 AND ETCO, <45),), PRINT
"NO BRONCHOSPASM PRESENT" ELSE
F ((RUN>0.3 SEC AND SLOPE<100MM HG/SEC)
AND 91< SPO, <95 AND ETCO,<45) PRINT
"MODERATE BRONCHOSPASM PRESENT” ELSE IF
((SPO,; <90 AND RR<8 AND ETCO; >60) AND
NEURO ="BAD”), "PRINT RESPIRATORY FAILURE;
CONDITION CRITICAL, CONSIDER INTUBATION.”

|

F1G.6A
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WHEN CONFIRMED BY OPERATOR, ENTER
INTUBATION MONITORING MODE AND MONITOR
FOR SUCCESSFUL INTUBATION OF PATIENT.

PRINT "MONITORING FOR INTUBATION".

!

CHECK RULE: IF ETCO,>15 THEN PRINT "GOOD WAVEFORM
TUBE IN TRACHEA. CONFIRM AND SECURE TUBE".

V

MONITOR RULE: WHILE ETCO,>15, PRINT "MONITORING
TUBE POSITION: NO DISLODGEMENT” ELSE IF
ETCO,<=15 OR "LOSS OF WAVEFORM", PRINT

"ALERT: CHECK FOR TUBE DISLODGEMENT",

FG.6B
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ATTACH PATIENT TO MULTIPARAMETER MONITOR
INCLUDING A CAPNOGRAPH. CONNECT CHEST
ELECTRODES, FINGER SENSOR. COLLECT EXPIRED
AIR SAMPLE, CONVEY TO CAPNOGRAPH. CYCLE
NIBP CUFF PRESSURE, ASSESS CEREBRAL OXIMETRY

\

DETERMINE [CO,], ECG, NIBP AND SPO, VALUES
CONTINUOUSLY; DIGITIZE AS WAVEFORM AND
STORE FOR ANALYSIS. INPUT NEURO FINDINGS

\

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM,

PULSE WAVEFORMS, AND QRS COMPLEX. MEASURE

HR, BP (SYS/DIA). SPO, AND ETCO,. MEASURE

INITIAL SLOPE ( SLOPE) AND TIME TO RISE TO 80%
OF MAX [CO,] (RUN) OF CAPNOGRAM

\

APPLY DIAGNOSTIC RULE: IF (BP=NORMAL)
AND (RR=NORMAL) AND ((RUN 0.3 SEC
AND SLOPE >100MM HG/SEC) AND
SPO, > 95 AND ETCO, < 45), PRINT
"NO BRONCHOSPASM PRESENT” ELSE IF
((RUN>0.3 SEC AND SLOPE<100MM HG/SEC)
AND 91< SP0, <95 AND ETCO,<45) PRINT
"MODERATE BRONCHOSPASM PRESENT” IF
CAP—FEV1<50% AND SPO, <91 AND ETCOz>45),
PRINT "SEVERE BRONCHOSPASM PRESENT”

STORE/TRANSMIT FINDINGS: ESTABLISH CONNECTION
TO DISPATCH/RECEIVING CENTRE AND FORWARD
DATA AND INTERPRETATION TO REMOTE TERMINAL
FOR DISPLAY AND REVIEW BY MEDICAL OVERSIGHT

TRANSMIT TREATMENT AND/OR TRANSPORT
RECOMMENDATIONS BACK TO AMBULANCE

|

FIG.BA
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APPLY MONITORING RULE: AFTER EACH INTERVAL,
COMPUTE DIFFERENCE BETWEEN CONSECUTIVE
MEASURES. BRONCHOSPASM: (D_RUN >0.1 SEC AND
D_SLOPE <—15MM HG/SEC) THEN "WORSENING”,
(D_RUN<—0.1 SEC AND D_SLOPE>+15MM HG,/SEC)
THEN "IMPROVING” ELSE "UNCHANGED”. PATIENT
VITALS: (D_SPO, >~5% SAT OR ETCO, >+5MM HG)
THEN “DETERIORATING”, (D_SPO,> +5% SAT OR
ETCO,<~5mm HG) THEN "IMPROVING”, ELSE
"UNCHANGED”. SAMPLE: "BRONCHOSPASM
WORSENING; VITAL SIGNS UNCHANGED".

TRANSMIT MONITORING DATA: MAINTAIN CONNECTION
WITH RECEIVING CENTER; PERIODICALLY TRANSMIT
UPDATES OF PATIENT CONDITION EN ROUTE
TO PREPARE FOR PATIENT TRANSFER

EXIT RULE: IF (BP=NORMAL) AND (RR=NORMAL)
AND (RUN<0.3 SEC AND SLOPE> 100MM HG/SEC,
THEN PRINT "NO BRONCHOSPASM PRESENT”

\

HANDOFF PATIENT RECORD: TRANSFER COPY
OF PATIENT RECORD TO RECEIVING CENTRE AS
DATA FOR PATIENT CHART AND BASELINE
FOR CONTINUED MONITORING

F1G.8B
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ATTACH PATIENT TO MULTIPARAMETER MONITOR
INCLUDING A CAPNOGRAPH. CONNECT CHEST
ELECTRODES, FINGER AND CEREBRAL SENSORS.
COLLECT EXPIRED AIR SAMPLE, CONVEY TO
CAPNOGRAPH: CYCLE NIBP CUFF.

DETERMINE [CO, ], ECG, NIBP, CEREBRAL OXIMETRY
OXIMETRY AND SPO, VALUES CONTINUOUSLY;
DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

V

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM,

PULSE WAVEFORM, AND QRS COMPLEX. MEASURE

HR, BP (SYS/DIA). SPOz AND ETCO. MEASURE
INITIAL SLOPE (SLOPE) AND TIME TO RISE TO
80% OF MAX [CO,] (RUN) OF CAPNOGRAM.

]

APPLY DIAGNOSTIC RULE: IF (BP=NORMAL) AND
(RR=NORMAL) AND ((RUN<0.3 SEC AND SLOPE >
100MM HG/SEC) AND SPO , 95% SAT AND ETCO; <
45 MM HG), PRINT "NO BRONCHOSPASM PRESENT”

ELSE IF ((RUN>0.3 SEC AND SLOPE <100MM

HG/SEC) AND 91.< SP0,<95% SAT AND ETCO,

<45MM HG) PRINT "MODERATE BRONCHOSPASM

PRESENT”. IF CAP—FEV1<50% AND SPO, < 91%

SAT AND ETCO,> 45MM HG) PRINT
"SEVERE BRONCHOSPASM PRESENT”.

l

STORE/TRANSMIT FINDINGS: ESTABLISH CONNECTION
TO DISPATCH/RECEIVING CENTRE AND FORWARD
DATA AND INTERPRETATION TO REMOTE TERMINAL
FOR DISPLAY AND REVIEW BY MEDICAL OVERSIGHT.

TRANSMIT TREATMENT AND/OR TRANSPORT
RECOMMENDATIONS BACK TO AMBULANCE

FIG.10A
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APPLY MONITORING RULE: AFTER EACH INTERVAL,
COMPUTE DIFFERENCE BETWEEN CONSECUTIVE
MEASURES. BRONCHOSPASM: (D_RUN > 0.1 SEC AND
D_SLOPE < —15MM HG/SEC) THEN "WORSENING”,
(D_RUN<O.1 SEC AND D_SLOPE>+15MM HG/SEC)
THEN “IMPROVING,” ELSE "UNCHANGED”. PATIENT
VITALS: (D_SPO, >—5% SAT OR ETCO, >+5MM HG)
THEN "DETERIORATING”, (D_SPO,> +5% SAT OR
ETCO,<—5%MM HG) THEN “IMPROVING”, ELSE
"UNCHANGED”. SAMPLE: "BRONCHOSPASM
WORSENING; VITAL SIGNS UNCHANGED”.

CHECK RULE: IF PATIENT ENTERING RESPIRATORY
FAILURE (IF (SP0O,<90% SAT AND RR<8
AND ETCO, >60MM HG) AND NEURO
= "BAD"), PRINT "RESPIRATORY FAILURE;
CONDITION CRITICAL; CONSIDER INTUBATION”

V

TRANSMIT ALERT DATA: TRANSMIT PRIORITY UPDATE
TO NOTIFY DISPATCH/RECEIVING CENTERS OF
SIGNIFICANT CHANGE IN PATIENT CONDITION.

\

WHEN CONFIRMED BY OPERATOR, ENTER
INTUBATION MONITORING MODE AND
MONITOR FOR SUCCESSFUL INTUBATION OF
PATIENT. PRINT "MONITORING FOR INTUBATION".

CHECK RULE: IF ETCO >15MM HG THEN
PRINT "GOOD WAVEFORM, TUBE IN TRACHEA.
CONFIRM AND SECURE TUBE".

F1G.10B
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Fig, 10C

MONITOR RULE:
WHILE ETCO; > 15 MM HG, PRINT “MONITORING TUBE POSITION: NO
DISLODGEMENT”

r

MONITOR RULE:
IF ETCO,; £15 MM HG OR “LOSS OF WAVEFORM”, PRINT “ALERT: CHECK
FOR TUBE DISLODGEMENT.*

TRANSMIT MONITORING DATA:

MAINTAIN CONNECTION WITH RECEIVING CENTER; PERIODICALLY
TRANSMIT UPDATES OF PATIENT CONDITION EN ROUTE TO PREPARE FOR
PATIENT TRANSFER.

A 4

HANDOFF PATIENT RECORD:
TRANSFER COPY OF PATIENT RECORD TO RECEIVING CENTER AS DATA
FOR PATIENT CHART AND BASELINE FOR CONTINUED MONITORING.
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Fig. 12

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. CONNECT CHEST ELECTRODES, FINGER AND CEREBRAL
SENSORS. COLLECT EXPIRED AIR SAMPLE, CONVEY TO CAPNOGRAPH;
CYCLENIBP CUFF.

DETERMINE [CO,}, ECG, NIBP, CEREBRAL OXIMETRY, AND SPO, VALUES
CONTINUOQUSLY:; DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

A

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE WAVEFORMS,
AND QRS COMPLEX.

MEASURE HR, BP (SYS / DIA), SPO,, AND ETCO;. MEASURE INITIAL SLOPE
(SLOPE) AND TIME TO RISE TO 80% OF MAX [CO] (RUN) OF CAPNOGRAM.

APPLY DIAGNOSTIC RULE:

IF (BP =NORMAL) AND (RR =NORMAL) AND

( (RUN<0.3 SEC AND SLOPE > 100 MM HG/SEC) AND SPO; = 95 %SAT AND
ETCO: £ 45 MM HG), PRINT “NO BRONCHOSPASM PRESENT”

ELSE IF ((RUN>0.3 SEC AND SLOPE <100 MM HG/SEC) AND 91 =S8P0; <95
%SAT AND ETCO; < 45 MM HG) PRINT “MODERATE BRONCHOSPASM
PRESENT”

IF (CAP-FEV1 < 50% AND SPO, <91 %SAT AND ETCO, > 45 MM HG), PRINT
“SEVERE BRONCHOSPASM PRESENT™.

y

APPLY MONITORING RULE:

AFTER EACH INTERVAL, COMPUTE DIFFERENCE BETWEEN CONSECUTIVE
MEASURES

BRONCHOSPASM: (D_RUN>0.1 SEC AND D_SLOPE < -15 MM HG / SEC) THEN
“WORSENING”, (D_RUN< -0.1 SEC AND D_SLOFE > +15 MM HG / SEC) THEN
“IMPROVING", ELSE “UNCHANGED"”.

PATIENT VITALS: (D_SPQ, > -5 %SAT OR ETCO; > +5 MM HG) THEN
“DETERIORATING”, (D_SPO: > +5 %SAT OR ETCO; < -5 MM HG) THEN
“IMPROVING”, ELSE “UNCHANGED”.

SAMPLE: “BRONCHOSPASM WORSENING: VITAL SIGNS UNCHANGED.”

EXIT RULE:

TF (BP = NORMAL) AND (RR = NORMAL) AND
( (RUN<0.3 SEC AND SLOPE > 100 MM HG/SEC) AND SPO; > 95 %SAT AND
ETCO, < 45 M HG), PRINT “NO BRONCHOSPASM PRESENT”
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Fig. 14A

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAFH. CONNECT CHEST ELECTRODES, FINGER AND CEREBRAL
SENSORS. COLLECT EXPIRED AIR SAMPLE, CONVEY TO CAPNOGRAPH,
CYCLE NIBP CUFF.

DETERMINE [CO;], ECG, NIBP, CEREBRAL OXIMETRY AND SPO; VALUES
CONTINUOUSLY; DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE WAVEFORMS,
AND QRS COMPLEX,

MEASURE HR, BP (SYS / DIA). SPO;, AND ETCO,. MEASURE INITIAL SLOPE
(SLOPE) AND TIME TO RISE TO 80% OF MAX [CO;] (RUN) OF CAPNOGRAM.

4

APPLY DIAGNOSTIC RULE:
IF (BP = NORMAL) AND (RR = NORMAL) AND
( (RUN<0.3 SEC AND SLOPE > 100 MM HG/SEC) AND SPO, > 95 %SAT AND
ETCO; < 45 MM HG), PRINT “NO BRONCHOSPASM PRESENT”
ELSE IF (RUN>0.3 SEC AND SLOPE < 100 MM HG/SEC) AND SPO; <95 %SAT
AND ETCO; < 45 MM HG) PRINT “MODERATE BRONCHOSPASM PRESENT”
IF (CAP-FEV1 < 50% AND SPO, < 91 %SAT AND ETCO, > 45 MM HG), PRINT
“SEVERE BRONCHOSPASM PRESENT”,

A

APPLY MONITORING RULE:

AFTER EACH INTERVAL, COMPUTE DIFFERENCE BETWEEN CONSECUTIVE
MEASURES

BRONCHOSPASM: (D_RUN>0.1 SEC AND D_SLOPE <-15 MM HG/ SEC) THEN
“WORSENING”, (D_RUN<-0.1 SEC AND D_SLOPE > +15 MM HG / SEC) THEN
“IMPROVING”, ELSE “UNCHANGED".

PATIENT VITALS: (D_SPO; > -5 %SAT OR ETCO; >+5 MM HG) THEN
“DETERIORATING”, (D_SPO; > +5 %SAT OR ETCO; < -5 MM HG) THEN
“IMPROVING”, ELSE “UNCHANGED".

SAMPLE: “BRONCHOSPASM WORSENING; VITAL SIGNS UNCHANGED.”

v




U.S. Patent Mar. 25,2014  Sheet 21 of 71 US 8,679,029 B2

Fig. 14B

CHECK RULE:
IF PATIENT ENTERING RESPIRATORY FAILURE (IF (SPO- < 90 %SAT AND
RR<8 AND ETCO; > 60 MM HG) AND NEURO ="BAD")?
PRINT “RESPIRATORY FAILURE; CONDITION CRITICAL; CONSIDER
INTUBATION.”

y

WHEN CONFIRMED BY OPERATOR,

ENTER INTUBATION MONITORING MODE AND MONITOR FOR
SUCCESSFUL INTUBATION OF PATIENT. PRINT “MONITORING FOR
INTUBATION"

Y

CHECK RULE:
IF ETCO; >15 MM HG THEN PRINT “GOOD WAVEFORM, TUBE IN TRACHEA.
CONFIRM AND SECURE TUBE.”

‘

MONITOR RULE:
WHILE ETCO; > 15 MM HG, PRINT “MONITORING TUBE POSITION: NO
DISLODGEMENT”

r

MONITOR RULE:
IF ETCO;<15 MM HG OR “LOSS OF WAVEFORM”, PRINT “ALERT: CHECK
FOR TUBE DISLODGEMENT.*
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Fig. 16A

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. CONNECT CHEST ELECTRODES, FINGER AND CEREBRAL
SENSORS. COLLECT EXPIRED AIR SAMPLE, CONVEY TO CAPNOGRAPH;
CYCLE NIBP CUFF.

9

DETERMINE [CO:], ECG, NIBP, CEREBRAL OXIMETRY, AND SPO, VALUES
CONTINUOUSLY; DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

Y

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE WAVEFORMS,
AND QRS COMPLEX,

MEASURE HR, BP (SYS /DIA). SPO,;, AND ETCO,. MEASURE INITIAL SLOPE
(SLOPE) AND TIME TO RISE TO 80% OF MAX [CO,] (RUN) OF CAPNOGRAM.

L
AT STARTUP, CHECK FOR VALID SIGNAL:

IF ETCO; >15 MM HG THEN PRINT “GOOD WAVEFORM QUALITY;
MONITORING FOR BRONCHOSPASM”

ENTER MONITORING MODE,
! v

PERIODICALLY COLLECT AND APPLY DIAGNOSTIC RULE TO
MEASURE: EACH SAMPLE;

COLLECT EXPIRED AIR SAMPLE, IF (BP = NORMAL) AND (RR =
CONVEY TO CAPNOGRAPH NORMAL) AND

DETERMINE [CO;] VALUE ( (RUN<0.3 SEC AND SLOPE > 100
CONTINUOQUSLY; DIGITIZE AS MM HG/SEC) AND SPO; = 95 USAT
WAVEFORM AND STORE FOR AND ETCO, <45 MM HG), DISPLAY
ANALYSIS, “NO BRONCHOSPASM PRESENT”

MARK ONSET AND OFFSET LIMITS
OF CAPNOGRAM.

ASSESS WAVEFORM QUALITY
USING RMS NOISE < 2 MM HG AND

ELSE IF (RUN>0.3 SEC AND SLOPE
<100 MM HG/SEC) AND 91 <SP0, <
95 %SAT AND ETCO; <45 MM HG)
DISPLAY “MODERATE

BREATH-TO-BREATH CORRELATION BRONCHOSPASM PRESENT”
>0.85 IF (CAP-FEV1 < 50% AND SPQO; < 91
MEASURE INITIAL SLOPE (SLOPE) %SAT AND ETCO; > 45 MM HG),
AND TIME TO RISE TO 80% OF MAX DISPLAY “SEVERE
[CO:] (RUN) OF CAPNOGRAM. BRONCHOSPASM PRESENT™.
\ / N
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Fig. 16B

IF BRONCHOSPASM IS DETECTED, THEN THE OPERATOR SWITCHES
MONITOR TO SERIAL COMPARISON WHILE INTERVENTIONS ARE TAKING

PLACE
‘ \ 4
PERIODICALLY COLLECT AND APPLY MONITORING RULE TO
MEASURE: EACH SAMPLE;
COLLECT EXPIRED AIR SAMPLE, AFTER EACH INTERVAL, COMPUTE
CONVEY TO CAPNOGRAPH DIFFERENCE BETWEEN
DETERMINE [CO,] VALUE CONSECUTIVE MEASURES
CONTINUOUSLY; DIGITIZE AS BRONCHOSPASM: (D_RUN>0.1 SEC
WAVEFORM AND STORE FOR AND D_SL.OPE <-15 MM HG / SEC)
ANALYSIS: THEN “WORSENING”, (D_RUN< -0.1
MARK ONSET AND OFFSET SEC AND D_SLOPE > +15 MM HG/
LIMITS OF CAPNOGRAM. SEC) THEN “IMPROVING”, ELSE
ASSESS WAVEFORM QUALITY “UNCHANGED”.
USING RMS NOISE <2 MM HG PATIENT VITALS: (D_SPO; > -5
AND BREATH-TO-BREATH %SAT OR ETCO, > +5 MM HG) THEN
CORRELATION > 0.85, “DETERIORATING”, (D_SPO3 >+5
MEASURE INITIAL SLOPE %SAT OR ETCO; <-5 MM HG) THEN
{SLOPE) AND TIME TO RISE TO “IMPROVING”, ELSE “UNCHANGED".
80% OF MAX [CO.] (RUN) OF SAMPLE: “BRONCHOSPASM
CAPNOGRAM. WORSENING; VITAL SIGNS
UNCHANGED."”

XZ

OPERATOR SWITCHES MONITOR TO DIAGNOSTIC MONITORING WHEN
INTERVENTIONS ARE CONCLUDED AND PATIENT DISPOSITION HAS BEEN
DETERMINED.
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Fig. 18

Sheet 26 of 71

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. COLLECT EXPIRED AIR SAMPLE, CONVEY TO

CAPNOGRAPH;

4

DETERMINE [CO,] VALUE CONTINUOUSLY; DIGITIZE AS WAVEFORM AND

STORE FOR ANALYSIS.

y

MARK ONSET AND OFFSET LIMITS OF

ASSESS WAVEFORM QUALITY USING RMS NOISE < 1 MM HG AND
BREATH-TO-BREATH CORRELATION > 0.85. IF POOR QUALITY, RECOLLECT

SAMPLE.

CAPNOGRAM.

A

4

MEASURE ETCO;

I[F ETCO; >15 MM HG THEN PRINT “GOOD WAVEFORM, TUBE IN TRACHEA.

CONFIRM AND SECURE TUBE.”

3

4

WHEN CONFIRMED BY OPERATOR,

ENTER INTUBATION MONITORING MODE AND MONITOR FOR LOSS OF
SIGNAL, WHICH SIGNIFIES TUBE SLIPPED FROM TRACHEA DISPLAY

“MONITORING INTUBATION”

‘

~

PERIODICALLY COLLECT AND
MEASURE:

COLLECT EXPIRED AIR SAMPLE,
CONVEY TO CAPNOGRAPH

DETERMINE [CO;] VALUE
CONTINUOUSLY; DIGITIZE AS
WAVEFORM AND STORE FOR
ANALYSIS.

MEASURE ETCO; VALUE.

.

US 8,679,029 B2

APPLY DIAGNOSTIC RULE TO
EACH SAMPLE:

WHILE ETCO; > 15 MM HG AND
“NO LOSS OF WAVEFORM”,
DISPLAY “MONITORING TUBE
POSITION: NO DISLODGEMENT”

WAVEFORM”,
DISPLAY “ALERT: CHECK FOR
TUBE DISLODGEMENT”

IF ETCO;<15 MM HG OR “LOSS OF

x——/
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GQOD RESPONSE TO
TREATMENT, NO BRONCHOSPASM

PRESENT
PRESENT, CONDITION STABLE
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ALERT: MILD BRONCHOSPASM
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ATTACH PATIENT TO MULIPARAMETER MONITOR
INCLUDING A CAPNOGRAPH. COLLECT EXPIRED AIR
SAMPLE, CONVEY TO CAPNOGRAPH;

f

DETERMINE [CO,] VALUE CONTINUOUSLY; DIGITIZE
AS WAVEFORM AND STORE FOR ANALYSIS.

f

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM.
ASSESS WAVEFORM QUALITY USING RMS NOISE
<2MM HG AND BREATH TO BREATH CORRELATION
>0.85. MEASURE ETCO,. MEASURE INTIAL SLOPE
(SLOPE) AND TIME TO RISE TO 80%

OF MAX [CO,] (RUN) OF CAPNOGRAM.

I

AT STARTUP, CHECK FOR VALID SIGNAL: IF ETCO,
>15MM HG THEN PRINT "GOOD WAVEFORM
QUALITY; MONITORING FOR BRONCHOSPASM”

ENTER DIAGNOSTIC MONITORING MODE

=

PERIODICALLY COLLECT APPLY DIAGNOSTIC RULE
AND MEASURE: TO EACH SAMPLE
COLLECT EXPIRED AIR IF (BP=NORMAL) AND (RR=
SAMPLE, CONVEY TO NORMAL) AND ((RUN< 0.3
CAPNOGRAPH, DETERMINE SEC AND SLOPE >100MM
[CO,] VALUE CONTINUOUSLY; | | HG/SEC) AND SPO, > 95%
DIGITIZE AS WAVEFORM SAT AND ETCO, < 45MM HG),
AND STORE FOR ANALYSIS. || DISPLAY "NO BRONCHSPASM
MARK ONSET AND OFFSET PRESENT” ELSE IF ((RUN>
LIMITS OF CAPNOGRAM. 0.3 SEC AND SLOPE <100

ASSESS WAVEFORM QUALITY MM HG/SEC) AND 91 < SPO,
USING RMS NOISE <2MM HG || <95% SAT AND ETCO, <45MM

AND BREATH-TO-BREATH HG) DISPLAY "MODERATE
CORRELATION >0.85. BRONCHOSPASM PRESENT”
MEASURE INITIAL SLOPE IF (CAP-FEV1<50% AND

(SLOPE) AND TIME TO RISE SPO, <91% SAT AND ETCO,
TO 80% OF MAX [CO,] >45MM HG), DISPLAY
(RUN) OF CAPNOGRAM. "SEVERE BRONCHOSPASM

PRESENT",
\ /

FIG20
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PRESENT
NO RESPONSE TO TREATMENT,
MODERATE BRONCHOSPASM PRESENT L

ALERT: MILD BRONCHOSPASM

THINK HE NEEDS BREATHING

PATIENT'S

EMPHYSEMA IS ACTING UP,

PATIENT STABLE,
— NO CHANGE IN

CLINICAL PARAMETERS
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Fig. 22A

Sheet 31 of 71

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. COLLECT EXPIRED AIR SAMPLE, CONVEY TO

CAPNOGRAPH;

A

DETERMINE [CO;] VALUE CONTINUOUSLY; DIGITIZE AS WAVEFORM AND

STORE FOR ANALYSIS.

4

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM.

ASSESS WAVEFORM QUALITY USING RMS NOISE < 2 MM HG AND
BREATH-TO-BREATH CORRELATION > 0,85,

MEASURE ETCO,. MEASURE INITIAL SLOPE (SLOPE) AND TIME TO RISE
TO 80% OF MAX [CO;] (RUN) OF CAPNOGRAM.

A 4

AT STARTUP, CHECK FOR VALID SIGNAL:
IF ETCO2>15 MM HG THEN PRINT “GOOD WAVEFORM QUALITY;

MONITORING FOR BRONCHOSPASM”
ENTER MONITORING MODE.

A 4

4/

PERIODICALLY COLLECT AND
MEASURE:

COLLECT EXPIRED AIR SAMPLE,
CONVEY TO CAPNOGRAPH

DETERMINE [CO.] VALUE
CONTINUOUSLY; DIGITIZE AS
WAVEFORM AND STORE FOR
ANALYSIS.

MARK ONSET AND OFFSET LIMITS
OF CAPNOGRAM.

ASSESS WAVEFORM QUALITY
USING RMS NOISE <2 MM HG AND
BREATH-TO-BREATH CORRELATION
> (0.85.

MEASURE INITIAL SLOPE (SLOPE)
AND TIME TO RISE TO 80% OF MAX
[CO1] (RUN) OF CAPNOGRAM.

\

N

US 8,679,029 B2

APPLY DIAGNOSTIC RULE TO
EACH SAMPLE:

IF (BP =NORMAL) AND (RR =
NORMAL) AND

( (RUN<0.3 SEC AND SLOPE = 100
MM HG/SEC) AND SPO; > 95
%SAT AND ETCO: <45 MM HG),
DISPLAY “NO BRONCHOSPASM
PRESENT”

ELSE IF ((RUN>0.3 SEC AND
SLOPE < 100 MM HG/SEC) AND 91
<8P0, <95 %SAT AND ETCO; <45
MM HG) DISPLAY “MODERATE
BRONCHOSPASM PRESENT”

IF (CAP-FEV1 < 50% AND SPO; <
01 %SAT AND ETCO; > 45 MM
HG), DISPLAY “SEVERE
BRONCHOSPASM PRESENT”.

—
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Fig. 22B

IF BRONCHOSPASM IS DETECTED, THEN THE OPERATOR SWITCHES
MONITOR TO SERIAL COMPARISON WHILE INTERVENTIONS ARE TAKING
PLACE

A

ATTACHPATIENT TO MULTIPARAMETER MONITOR LEADS, WHILE
CAPNOMETER CONTINUES DATA COLLECTION. CONNECT CHEST
ELECTRODES, FINGER AND CEREBRAL SENSORS. CYCLE NIBP CUFF.

DETERMINE [CO,], ECG, NIBP, CEREBRAL OXIMETRY, AND SPO, VALUES
CONTINUQUSLY; DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE WAVEFORMS,
AND QRS COMPLEX.

MEASURE HR, BP (SYS / DIA). SPOz, AND ETCO,. MEASURE INITIAL SLOPE
(SLOPE) AND TIME TO RISE TO 80% OF MAX [CO:] (RUN) OF CAPNOGRAM.

v

AT STARTUP, CHECK FOR VALID SIGNAL:

[F ETCO, >15 MM HG THEN PRINT “GOOD WAVEFORM QUALITY;
MONITORING FOR BRONCHOSPASM”

ENTER MONITORING MODE.




U.S. Patent

Mar. 25,2014 Sheet 33 of 71
PERIODICALLY COLLECT APPLY MONITORING RULE
AND MEASURE: T0 FACH SAMPLE

COLLECT DATA SAMPLE,
AS ABOVE,

MARK ONSET AND OFFSET
LIMITS OF WAVEFORMS,
AS ABOVE

ASSESS WAVEFORM
QUALITY, AS ABOVE.

MEASURE WAVEFORM
FEATURES, AS ABOVE.

AFTER EACH INTERVAL,
COMPUTE DIFFERENCE
BETWEEN CONSECUTIVE
MEASURES. BRONCHOSPASM:
(D_RUN>0.1 SEC AND
D_SLOPE<—15MM HG/SEC)
THEN "WORSENING”, (D_RUN
<0.1 SEC AND D_SLOPE >
+15MM HG/SEC) THEN
"IMPROVING”, ELSE
"UNCHANGED”. PATIENT VITALS:
(D_SPO, >-5% SAT OR ETCO,
>+5MM HG) THEN
"DETERIORATING”, (D_SPO,>
5% SAT OR ETCO;<—5MM HG)
THEN "IMPROVING”, ELSE
"UNCHANGED”. SAMPLE:
"BRONCHOSPASM
WORSENING; VITAL
SIGNS UNCHANGED".

>~

e

OPERATOR SWITCHES MONITOR TO DIAGNOSTIC MONITORING

WHEN INTERVENTIONS

ARE CONCLUDED AND

PATIENT DISPOSITION HAS BEEN DETERMINED

F1G

2eC

US 8,679,029 B2
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ATTACH PATIENT TO MULTIPARAMETER MONITOR
INCLUDING A CAPNOGRAPH. COLLECT EXPIRED
AIR SAMPLE, CONVEY TO CAPNOGRAPH;

DETERMINE [CO,] VALUE CONTINUOUSLY; DIGITIZE
AS WAVEFORM AND STORE FOR ANALYSIS

!

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM.
ASSESS WAVEFORM QUALITY USING RMS NOISE
<2MM HG AND BREATH-TO—BREATH CORRELATION
>0.85. MEASURE ETCO,. MEASURE INITIAL SLOPE
(SLOPE) AND TIME TO RISE TO 80% OF MAX
[CO,] (RUN) OF CAPNOGRAM.

!

AT STARTUP, CHECK FOR VALID SIGNAL: IF
ETCO2>15MM HG THEN PRINT "GOOD WAVEFORM
QUALITY; MONITORING FOR BRONCHOSPASM”
ENTER DIAGNOSTIC MONITORING MODE.

FIG.24A
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COLLECT AND MEASURE APPLY DIAGNOSTIC RULE

EVERY 15 MINUTES FOR TO FACH SAMPLE
ONE_HOUR POST-TREATMENT | | IF (BP=NORMAL) AND (RR
COLLECT EXPIRED AIR SAMPLE, | =NORMAL) AND ((RUN< 0.3
CONVEY TO CAPNOGRAPH SEC AND SLOPE >100MM
DETERMINE [CO,] VALUE HG/SEC) AND SPO, >95%
CONTINUOUSLY; DIGITIZE AS || SAT AND ETCO, < 45MM HG)

WAVEFORM AND STORE DISPLAY "NO BRONCHOSPASM

FOR ANALYSIS. MARK ONSET | | PRESENT" ELSE IF ((RUN>0.3
AND OFFSET LIMITS OF SEC AND SLOPE<100MM

CAPNOGRAM. ASSESS HG/SEC) AND 91 < SP0,<95%
WAVEFORM QUALITY USING SAT AND ETCO, <45MM HG)
RMS NOISE < 2MM HG AND DISPLAY "MODERATE

BREATH-TO—BREATH BRONCHOSPASM PRESENT"
CORRELATION > 0.85. IF (CAP-FEV1<50% AND SPO,
MEASURE INITIAL SLOPE <91% SAT AND ETCO, >45MM

(SLOPE) AND TIME TO RISE HG), DISPLAY ,"SEVERE
TO 80% OF MAX [CO,] BRONCHOSPASM PRESENT”.

(RUN) OF CAPNOGRAM

~ 7

IF CAP—-FEV1>507% FOR MOST OR ALL FOUR POST—TREATMENT
MEASUREMENTS, THEN DISPLAY MESSAGE "GOOD RESPONSE TO
TREATMENT: CONSIDER ADMISSION TO HOME OR GENERAL WARD”

['1G.24B
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Fig. 26A

Sheet 40 of 71

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAFNOGRAPH. COLLECT EXPIRED AIR SAMPLE, CONVEY TO

CAPNOGRAPH;

A

'

DETERMINE [CO,] VALUE CONTINUQUSLY; DIGITIZE AS WAVEFORM AND

STORE FOR ANALYSIS.

3

y

MARK ONSET AND OFFSET LIMITS OF

ASSESS WAVEFORM QUALITY USING RMS NOISE <2 MM HG AND
BREATH-TO-BREATH CORRELATION > 0.85.

MEASURE EtCO;. MEASURE INITIAL SLOPE (SLOPE) AND TIME TO RISE TO
80% OF MAX [CO,] (RUN) OF CAPNOGRAM.

CAPNOGRAM.

A

y

AT STARTUP, CHECK FOR VALID SIGNAL:
[F ETCO, >15 MM HG THEN PRINT “GOOD WAVEFORM QUALITY;

MONITORING FOR BRONCHOSPASM™

ENTER DIAGNOSTIC MONITORING MODE.

f—l

—

COLLECT AND MEASURE EVERY 15

MINUTES FOR ONE HOUR POST-

TREATMENT
COLLECT EXPIRED AIR SAMPLE,

CONVEY TO CAPNOGRAPH

DETERMINE [CO;] VALUE
CONTINUOUSLY; DIGITIZE AS
WAVEFORM AND STORE FOR
ANALYSIS.

MARK ONSET AND OFFSET LIMITS
OF CAPNOGRAM.

ASSESS WAVEFORM QUALITY USING
RMS NOISE <2 MM HG AND BREATH-
TO-BREATH CORRELATION > 0.85.

MEASURE INITIAL SLOPE (SL.OPFE)
AND TIME TO RISE TO 80% OF MAX
[CO.] RUN) OF CAPNOGRAM.

APPLY DIAGNOSTIC RULE TO
EACH SAMPLE:

TF (BP = NORMAL) AND (RR =
NORMAL) AND
¢ (RUN<0.3 SEC AND SLOPE > 100
MM HG/SEC) AND SPO, > 95 %SAT
AND ETCO;, < 45 MM HG), DISPLAY
“NO BRONCHOSPASM PRESENT"

ELSE IF (RUN>0.3 SEC AND
SLOPE < 100 MM HG/SEC) AND 91
< SPO, < 95 %SAT AND ETCO; <45
MM HG) DISPLAY “MODERATE
BRONCHOSPASM PRESENT”

IF (CAP-FEV1 < 50% AND SPO; <
91 %SAT AND ETCO, > 45 MM HG),
DISPLAY “SEVERE
BRONCHOSPASM PRESENT”.

US 8,679,029 B2




U.S. Patent Mar. 25,2014  Sheet 41 of 71 US 8,679,029 B2

Fig. 26B

$

IF CAP-FEV1<50% FOR MOST OR ALL FOUR POST-TREATMENT
MEASUREMENTS, THEN DISPLAY MESSAGE “POOR RESPONSE TO
TREATMENT: CONSIDER ADMISSION TO HOSPITAL INTENSIVE CARE.”
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PRESUME POSSIBLE ALLERGIC REACTION: SWITCH DEVICE MODE TO
ASSESS FOR EVIDENCE OF UPPER VS. LOWER AIRWAY DISORDER

|

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. CONNECT CHEST ELECTRODES, FINGER AND
CEREBRAL SENSORS. COLLECT EXPIRED AIR SAMPLE, CONVEY
TO CAPNOGRAPH; CYCLE NIBP CUFF

Y

DETERMINE [CO,], ECG, NIBP, CEREBRAL OXIMETRY AND
SPO, VALUES CONTINUOUSLY; DIGITIZE AS WAVEFORM
AND STORE FOR ANALYSIS

!

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE
WAVEFORM, AND QRS COMLEX. MEASURE HR, BP (SYS/DIA).
SPO, AND ETCO,. MEASURE INITIAL SLOPE (SLOPE) AND TIME
TO RISE TO 80% OF MAX [CO,] (RUN) OF CAPONOGRAM.

1

APPLY DIAGNOSTIC RULE: IF (BP=NORMAL) AND (RR=NORMAL)
AND (SP0,>95% SAT AND ETCO,<45MM HG) DISPLAY "VITAL
SIGNS STABLE”. ELSE "RESPIRATORY IMPAIRMENT".
ADDITIONALLY, IF ((RUN <0.3 SEC AND SLOPE >100MM HG/SEC)),
DISPLAY "NO BRONCHOSPASM PRESENT: CONSIDER UPPER AIRWAY
OBSTRUCTION”. ELSE IF ((RUN>0.3 SEC AND SLOPE<100MM
HG/SEC) DISPLAY "BRONCHOSPASM PRESENT:
CONSIDER LOWER AIRWAY OBSTRUCTION.”

i

STORE/TRANSMIT FINDINGS: ESTABLISH CONNECTION TO DISPATCH/
RECEIVING CENTER AND FORWARD DATA AND INTERPRETATION TO
REMOTE TERMINAL FOR DISPLAY AND REVIEW BY MEDICAL
OVERSIGHT. TRANSMIT TREATMENT AND/OR TRANSPORT
RECOMMENDATIONS BACK TO AMBULANCE.

F1G.28
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Fig. 30

PRESUME POSSIBLE ALLERGIC REACTION: SWITCH DEVICE MODE TO
ASSESS FOR EVIDENCE OF UPPER VS. LOWER AIRWAY DISORDER,

A 4

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. CONNECT CHEST ELECTRODES, FINGER AND CEREBRAL.
SENSORS. COLLECT EXPIRED AIR SAMPLE, CONVEY TO CAPNOGRAPH;
CYCLE NIBP CUFF,

Y

DETERMINE [CO:], ECG, NIBP, CEREBRAL OXIMETRY AND SPO; VALUES
CONTINUOUSLY; DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

A

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE WAVEFORM,
AND QRS COMPLEX.

MEASURE HR, BP (SYS / DIA). SPO,, AND ETCO;. MEASURE INITIAL SLOPE
(SLOPE) AND TIME TO RISE TO 80% OF MAX [CO;] (RUN) OF CAPNOGRAM.

APPLY DIAGNOSTIC RULE:

IF (BP = NORMAL) AND (RR = NORMAL) AND (SPO; > 95 %SAT AND ETCO; <
45 MM HG) DISPLAY “VITAL SIGNS STABLE”
ELSE “RESPIRATORY IMPAIRMENT”,

ADDITIONALLY, IF ( (RUN<0.3 SEC AND SLOPE > 100 MM HG/SEC)),
DISPLAY “NO BRONCHOSPASM PRESENT: CONSIDER UPPER AIRWAY
OBSTRUCTION”

ELSE IF (RUN>0.3 SEC AND SLOPE < 100 MM HG/SEC) DISPLAY
“BRONCHOSPASM PRESENT: CONSIDER LOWER AIRWAY OBSTRUCTION.”

\ 4

STORE / TRANSMIT FINDINGS:

ESTABLISH CONNECTION TO DISPATCH / RECEIVING CENTER AND
FORWARD DATA AND INTERPRETATION TO REMOTE TERMINAL FOR
DISPLAY AND REVIEW BY MEDICAL OVERSIGHT.

TRANSMIT TREATMENT AND / OR TRANSPORT RECOMMENDATIONS
BACK TO AMBULANCE.

A

HANDOFF PATIENT RECORD:
TRANSFER COPY OF PATIENT RECORD TO RECEIVING CENTER AS DATA
FOR PATIENT CHART AND BASELINE FOR CONTINUED MONITORING.
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Fig. 32A

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. CONNECT CHEST ELECTRODES, FINGER AND CEREBRAL
SENSORS. COLLECT EXPIRED AIR SAMPLE, CONVEY TO CAPNOGRAPH;

CYCLE NIBP CUFF.

DETERMINE [CO;], ECG, NIBP, CEREBRAL OXIMETRY, AND SPO, VALUES
CONTINUOUSLY; DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

3

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE WAVEFORMS,

AND QRS COMPLEX.
MEASURE HR, BP (SYS/ DIA). SPO;, AND ETCO,. MEASURE INITIAL SLOPE

(SLOPE) AND TIME TO RISE TO 80% OF MAX [CO,} (RUN) OF CAPNOGRAM.

APPLY DIAGNOSTIC RULE:
IF (BP = NORMAL) AND (RR =NORMAL) AND
SPO; > 95 %SAT AND ETCO; <45 MM HG), DISPLAY “VITAL SIGNS WITHIN

NORMAL LIMITS”

IF (DIMINISHED CAP-FEV1: 40 /10-POINT RATIO ) AND (NORMAL FEV/FVC :
(RUN<0.3 SEC AND SLOPE > 100 MM HG/SEC)) THEN HEART FAILURE IS

PRESENT.

[F HEART FAILURE, THEN:
IF (CAP-FEV1 < 80%), DISPLAY “MODERATE HEART FAILURE PRESENT™.

I[F (CAP-FEV1 < 50% AND SPO; <91 %SAT AND ETCO; > 45 MM HG ),
DISPLAY “SEVERE HEART FAILURE PRESENT".

[




DETERMINE [COz] VALUE
CONTINUOUSLY; DIGITIZE AS
WAVEFORM AND STORE FOR
ANALYSIS.

MARK ONSET AND OFFSET LIMITS
OF CAPNOGRAM.

ASSESS WAVEFORM QUALITY
USING RMS NOISE < 2 MM HG AND
BREATH-TO-BREATH
CORRELATION > 0.85.

MEASURE INITIAL SLOPE (SLOPE)
AND TIME TO RISE TO 80% OF MAX
[CO,) (RUN) OF CAPNOGRAM:

U.S. Patent Mar. 25,2014  Sheet 49 of 71 US 8,679,029 B2
Fig. 32B
B

COLLECT AND MEASURE EVERY 15 || APPLY DIAGNOSTIC RULE TO
MINUTES FOR ONE HOUR POST- EACH SAMPLE;
TREATMENT IF (BP = NORMAL) AND (RR =

COLLECT EXPIRED AIR SAMPLE, NORMAL) AND
CONVEY TO CAPNOGRAPH ( (RUN<0.3 SEC AND SLOPE = 100

MM HG/SEC) AND SPO, = 95 %SAT
AND ETCO; <45 MM HG), DISPLAY
“NO HEART FAILURE PRESENT”

IF (50% < CAP-FEV1 < 80%),
DISPLAY “MODERATE HEART
FAILURE PRESENT”.

IF (CAP-FEV1 < 50% AND 91% <
SPOg < 95 %SAT AND ETCOz >45
MM HG), DISPLAY “SEVERE HEART
FAILURE PRESENT”.
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Fig. 34A

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. CONNECT CHEST ELECTRODES, FINGER AND CEREBRAL
SENSORS. COLLECT EXPIRED AIR SAMPLE, CONVEY TO CAPNOGRAPH;
CYCLE NIBP CUFF.

DETERMINE [CO;], ECG, NIBP, CEREBRAL OXIMETRY, AND SPO, VALUES
CONTINUOUSLY; DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

Y

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE WAVEFORMS,
AND QRS COMPLEX.
MEASURE HR, BP (SYS / DIA). SPO;, AND ETCO;. MEASURE INITIAL SLOPE

(SLOPE) AND TIME TO RISE TO 80% OF MAX [CO,] (RUN) OF CAPNOGRAM.

A

APPLY DIAGNOSTIC RULE:
IF (BP = NORMAL) AND (RR = NORMAL) AND

SPO; > 95 %SAT AND ETCO, < 45 MM HG), DISPLAY “VITAL SIGNS WITHIN

NORMAL LIMITS”

[F (DIMINISHED CAP-FEV1: 40 /10-POINT RATIO AND (NORMAL FEV/FVC :
(RUN<0.3 SEC AND SLOPE > 100 MM HG/SEC)) THEN BRONCHOSPASM IS
PRESENT.

IF BRONCHOSPASM, THEN:
IF (CAP-FEV1 < 80%), DISPLAY “MODERATE BRONCHOSPASM PRESENT™.
IF (CAP-FEV1 < 50% AND SPO; < 91 %SAT AND ETCO; > 45 MM HG),
DISPLAY “SEVERE BRONCHOSPASM PRESENT”.




MARK ONSET AND OFFSET LIMITS
OF CAPNOGRAM.

ASSESS WAVEFORM QUALITY USING
RMS NOISE < 2 MM HG AND BREATH-
TO-BREATH CORRELATION > 0.85.

MEASURE INITIAL SLOPE (SLOPE)
AND TIME TO RISE TO 80% OF MAX
[CO;] RUN) OF CAPNOGRAM.

U.S. Patent Mar. 25,2014  Sheet 52 of 71 US 8,679,029 B2
Fig. 34B

PERIODICALLY COLLECT AND APPLY DIAGNOSTIC RULE TO
MEASURE: EACH SAMPLE:

COLLECT EXPIRED AIR SAMPLE, TF (BP = NORMAL) AND (RR =
CONVEY TO CAPNOGRAPH NORMAL) AND

DETERMINE [CO;] VALUE ( (RUN<0.3 SEC AND SLOPE =100
CONTINUQUSLY; DIGITIZE AS MM HG/SEC) AND SPO, 2 95 %SAT
WAVYEFORM AND STORE FOR AND ETCO, <45 MM HG), DISPLAY
ANALYSIS. *NO BRONCHOSPASM PRESENT”

ELSE IF (RUN>0.3 SEC AND SLOPE
<100 MM HG/SEC) AND 91 %SAT <
SPO; < 95 %SAT AND ETCO, <45
MM HG) DISPLAY “MODERATE
BRONCHOSPASM PRESENT™

IF (CAP-FEV1 <50% AND SPO; <91
%SAT AND ETCO; > 45 MM HG),
DISPLAY “SEVERE
BRONCHOSPASM PRESENT™.
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Fig. 36

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAFH. COLLECT EXPIRED AIR SAMPLE, CONVEY TO
CAPNOGRAPH;

¥

DETERMINE [CO;] YALUE CONTINUOUSLY; DIGITIZE AS WAVEFORM AND
STORE FOR ANALYSIS.

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM.
ASSESS WAVEFORM QUALITY USING RMS NOISE < 1 MM HG AND
BREATH-TO-BREATH CORRELATION > 0.85. IF POOR QUALITY, RECOLLECT

SAMPLE,
MEASURE ETCO,-

IF ETCO, >15 MM HG THEN PRINT “GOOD WAVEFORM, TUBE IN
TRACHEA™.

A 4

REPEATEDLY CHECK FOR ABNORMAL WAVEFORM SHAPE:

IF TRUE, THEN DISPLAY “TUBE IMPROPERLY POSITONED: CHECK FOR
RIGHT MAINSTEM INTUBATION"

ELSE DISPLAY “T'UBE PROPERLY POSITONED: CONFIRM BREATH SOUNDS
AND SECURE TUBE.”

WHEN TUBE IS SECURE AS CONFIRMED BY OPERATOR,

ENTER INTUBATION MONITORING MODE AND MONITOR FOR 1L.OSS OF
SIGNAL, WHICH SIGNIFIES TUBE SLIPPED FROM TRACHEA.

DISPLAY “MONITORING INTUBATION”
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ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. CONNECT CHEST ELECTRODES, FINGER AND
CEREBRAL SENSORS. COLLECT EXPIRED AIR SAMPLE, CONVEY
TO CAPNOGRAPH; CYCLE NIBP CUFF

DETERMINE [CO,], ECG, NIBP, CEREBRAL OXIMETRY AND
SPO, VALUES CONTINUOUSLY; DIGITIZE AS WAVEFORM
AND STORE FOR ANALYSIS

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE
WAVEFORM, AND QRS COMPLEX. MEASURE HR, BP (SYS/DIA).
SPO, AND ETCO,. MEASURE INITIAL SLOPE (SLOPE) AND TIME

TO RISE TO 80% OF MAX [CO,] (RUN) OF CAPONOGRAM.

APPLY DIAGNOSTIC RULE: IF (HR>100) AND (SPO,<90% SAT)
AND (ST ELEVATION IN ECG) AND (RR>20) AND (ETCO,<35MM
HG) THEN DISPLAY "ALERT: VITAL SIGNS CONSISTENT WITH
ACUTE PULMONARY EMBOLISM”

APPLY MONITORING RULE: AFTER EACH INTERVAL, COMPUTE
DIFFERENCE BETWEEN CONSECUTIVE MEASURES. (D_SPO,>-5 OR
ETCO,>+5mm HG) THEN DISPLAY "DETERIORATING”, (D_SPOZ>+5MM

OR ETCO,<—5MM HG) THEN "IMPROVING" ELSE "UNCHANGED".

EXIT RULE: IF (ECG=NORMAL) AND (RR=NORMAL) AND
HR=NORMAL) AND SP0,>35% SAT AND ETCO,<45MM HG),
DISPLAY "VITAL SIGNS STABLE".

FIG.38
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Fig. 40

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. COLLECT EXPIRED AIR SAMPLE, CONVEY TO
CAPNOGRAPH:

Y

DETERMINE [CO,] VALUE CONTINUOUSLY; DIGITIZE AS WAVEFORM AND
STORE FOR ANALYSIS.

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM.

ASSESS WAVEFORM QUALITY USING RMS NOISE < 1 MM HG AND
BREATH-TO-BREATH CORRELATION > 0.85, IF POOR QUALITY, RECOLLECT
SAMPLE.

A

MEASURE EtCO;.
IF ETCO; <15 MM HG OR "LOSS OF WAVEFORM?”,

DISPLAY “NO WAVEFORM PRESENT: NG TUBE NOT IN TRACHEA”.
ELSE “CO, DETECTED: NG TUBE IN TRACHEA”




US 8,679,029 B2

Sheet 60 of 71

Mar. 25,2014

U.S. Patent

17 DIA

ONIAOYdINI NOILIONOD
“INJNLYIYL OL
ASNOJS3y Q009

VOILIYO NOILIONOD
MOVLLY LYVIH HLIM
INFLSISNOD SNOIS TVLA

NIVd LS3HO V
IAVH | ISUNN

»39




U.S. Patent Mar. 25,2014  Sheet 61 of 71 US 8,679,029 B2

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. CONNECT CHEST ELECTRODES, FINGER AND
CEREBRAL SENSORS. COLLECT EXPIRED AR SAMPLE, CONVEY
TO CAPNOGRAPH; CYCLE NIBP CUFF

Y

DETERMINE [CO,], ECG, NIBP, AND SPO,
VALUES CONTINUOUSLY; DIGITIZE AS WAVEFORM
AND STORE FOR ANALYSIS

!

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE
WAVEFORM, AND QRS COMPLEX. MEASURE HR, BP (SYS/DIA).
SPO, AND ETCO,. MEASURE INITIAL SLOPE (SLOPE) AND
TIME TO RISE TO 80% OF MAX [CO,] (RUN) OF CAPNOGRAM.

\

APPLY DIAGNOSTIC RULE: IF (LOCALIZED ST ELEVATION IN ECG)
AND (ETCO, IS DECLINING AT LEAST 2MM HG/MIN OVER 5
MINUTES) DISPLAY "ACUTE MI SUSPECTED". IF (SPO, <91% SAT
AND ETCO, <30MM HG), DISPLAY "VITAL SIGNS CRITICAL",

\

APPLY MONITORING RULE: AFTER EACH INTERVAL, COMPUTE
DIFFERENCE BETWEEN CONSECUTIVE MEASURES. (D_
STELEVATION >0.1MM AND D_ETCO,<=1MM HG/MIN) THEN
"WORSENING”, (D_STELEVATION<—0.1 AND D_ETCQ, >1MM HG/MIN)
THEN "IMPROVING" ELSE "UNCHANGED".

FIG.42
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Fig. 44

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. CONNECT CHEST ELECTRODES, FINGER SENSOR. COLLECT
EXPIRED AIR SAMPLE, CONVEY TO CAPNOGRAPH; CYCLE NIBP CUFF.

l

DETERMINE [CO2]}, ECG, NIBP, AND SPO, VALUES CONTINUOUSLY;
DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE WAVEFORMS,
AND QRS COMPLEX.

MEASURE HR, BP (SYS/DIA). SPO;, AND ETCO;. MEASURE INITIAL SLOPE
(SLOPE) AND TIME TO RISE TO 80% OF MAX [CO3] (RUN) OF CAPNOGRAM.

APPLY DIAGNOSTIC RULE:
IF (BP_SYST < 90) AND (HR > 100) AND (RR > 12) AND (ETCO; < 35 MM HG)
DISPLAY “ALERT: CONSIDER CARDIOGENIC SHOCK”

IF (SPO2 < 91 %SAT AND ETCO; < 30 MM HG),
DISPLAY “VITAL SIGNS CRITICAL".

A

APPLY MONITORING RULE:
AFTER EACH INTERVAL, COMPUTE DIFFERENCE BETWEEN CONSECUTIVE
MEASURES
(D_BP_SYST<-5 MM HG AND D_ETCO; < -1 MM HG / MIN) THEN
«“WORSENING”, (O__BP_SYST >
5 MM HG AND D_ ETCO; > 1 MM HG / MIN) THEN “IMPROVING”, ELSE
“UNCHANGED”.
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Fig. 46

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. CONNECT CHEST ELECTRODES, FINGER SENSOR. COLLECT
EXPIRED AIR SAMPLE, CONVEY TO CAPNOGRAPH; CYCLE NIBP CUFF.

DETERMINE [CO,], ECG, NIBP, AND SPO; VALUES CONTINUOUSLY;
DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

h 4
MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE WAVEFORMS,

AND QRS COMPLEX.
MEASURE HR, BP (SYS / DIA). SPO,, AND ETCO,.

APPLY MONITORING RULE:
IF (HR < 30) AND (ETCO; < 15 MM HG)
DISPLAY “NO RETURN OF CIRCULATION”

IF (HR 2 30 OR ETCO; = 15 MM HG),
DISPLAY “RETURN OF CIRCULATION".
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ATTACH PATIENT TO MULIPARAMETER MONITOR
INCLUDING A CAPNOGRAPH. CONNECT CHEST ELECTRODES,
FINGER SENSOR. COLLECT EXPIRED AIR SAMPLE, CONVEY

TOCAPNOGRAPH: CYCLE NIBP CUFF.

f

DETERMINE [CO,], ECG, NIPB, AND SPO, VALUES CONTINUOUSLY;
DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

f

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE
WAVEFORMS, AND ORS COMPLEX. MEASURE HR, BP (SYS/DIA).
SPO, AND ETCO,. MEASURE INITIAL SLOPE (SLOPE) AND
TIME TO RISE TO 80% OF MAX [CO,] (RUN) OF CAPNOGRAM.

i

WHEN CONFIRMED BY OPERATOR, STORE BASELINE
CARDIORESPIRATORY PATTERN, ENTER MONITORING
MODE AND MONITOR FOR SIGNIFICANT CHANGE IN PATTERN.
DISPLAY "MONITORING STRESS RESPONSE”.

=

PERIODICALLY COLLECT APPLY DIAGNOSTIC RULE
AND MEASURE.: TO0 EACH SAMPLE
COLLECT ECG, BP, SPQ, WHILE (NO SIGNS OF

EXPIRED AIR SAMPLE, CONVEY| | ISCHEMIA), AND NO CHANGES
TO ANALYZER AS ABOVE. TOWARDS ISCHEMIA) DISPLAY

DETERMINE SENSOR "NO SIGNS OF ACUTE
VALUES CONTINUOUSLY; CARDIAC ISCHEMIA”.
DIGITIZE AS WAVEFORM IF (SIGNS OF ISCHEMIA

AND STORE FOR ANALYSIS, (ST ELEVATION, T—WAVE
AS ABOVE. CHANGES) OR (RISING

MEASURE PARAMETER ST-VALUES ON ECG, AND

VALUES, AS ABOVE, AND DROPPING ETCO, VALUES)

CONSECUTIVE DIFFERENCES DISPLAY "ALERT: SIGNS OF
ACUTE CARIDAC ISCHEMIA”.

~ 7
FIG.48
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ATTACH PATIENT TO MULIPARAMETER MONITOR, INCLUDING
A CAPNOGRAPH. COLLECT EXPIRED AIR SAMPLE,
CONVEY TO CAPNOGRAPH;

f

DETERMINE [CO,] VALUE CONTINUOUSLY;
DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

f

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, ASSESS
WAVEFORM QUALITY USING RMS NOISE <1MM HG AND
BREATH—TO-BREATH CORRELATION >0.85. IF POOR
QUALITY, RECOLLECT SAMPLE.

f

MEASURE ETCO . IF ETCO >15MM HG THEN
PRINT "NORMAL WAVEFORM RHYTHM”

=

PERIODICALLY COLLECT APPLY DIAGNOSTIC RULE
AND MEASURE: TO EACH SAMPLE
COLLECT EXPIRED AR WHILE (ETCO,>15MM HG AND
SAMPLE, CONVEY TO "NO LOSS OF WAVEFORM”
CAPNOGRAPH. AND RR>8) DISPLAY
DETERMINE [CO,] VALUE "NORMAL VENTILATORY
CONTINUOUSLY; DIGITIZE WAVEFORM AND RHYTHM”.
AS WAVEFORM AND STORE IF (ETCO,<15MM HG OR

FOR ANALYSIS. "LOSS OF WAVEFORM™ OR
MEASURE ETCO, VALUE. RR<8) OR (50% INCREASE

IN ETCO, OR 50% INCREASE
IN PATTERN VARIABILITY OR
50% DECREASE IN PATTERN
SIMILARITY) DISPLAY "ALERT:
DIMINISHED VENTILATORY

WAVEFORM".
\ /=
FIG.50
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Fig. 52

Sheet 71 of 71

CAPNOGRAPH;

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAFPH. COLLECT EXPIRED AIR SAMPLE, CONVEY TO

l

STORE FOR ANALYSIS.

DETERMINE {CO;] VALUE CONTINUOUSLY; DIGITIZE AS WAVEFORM AND

l

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM.

ASSESS WAVEFORM QUALITY USING RMS NOISE < 2 MM HG AND
BREATH-TO-BREATH CORRELATION > 0.85,

MEASURE EtCO; DETERMINE RESPIRATORY RATE (RR)

l

WHEN CONFIRMED BY OPERATOR,

AT STARTUP, CHECK FOR VALID SIGNAL:
IF ETCO; >15 MM HG THEN PRINT “GOOD WAVEFORM QUALITY;
MONITORING LEVEL OF SEDATION”

STORE BASELINE BREATHING PATTERN, ENTER MONITORING MODE

y

— T~
COLLECT AND MEASURE TWICE APPLY DIAGNOSTIC RULE TO EACH
PER MINUTE: SAMPLE:
COLLECT EXPIRED AIR WHILE 15 MM HG < ETCO: < 50 MM HG
SAMPLE, CONVEY TO AND “NO LOSS OF WAVEFORM” AND
CAPNOGRAPH RR>12

DETERMINE [CO;] VALUE
CONTINUOUSLY; DIGITIZE AS
WAVEFORM AND STORE FOR
ANALYSIS.

MARK ONSET AND OFFSET
LIMITS OF CAPNOGRAM.

ASSESS WAVEFORM QUALITY
USING RMS NOISE < 2 MM HG
AND BREATH-TO-BREATH
CORRELATION > 0.85.

MEASURE ETCO; AND RR

DISPLAY “NORMAL RESPIRATORY
PATTERN”

IF1I0sRR <12
DISPLAY “MILD HYPOVENTILATION"

IF 50 MM HG £ ETCO, < 60 MM HG
AND6<RR <10

DISPLAY “MODERATE
HYPOVENTILATION”

IF ETCO, > 60 MM HG OR “LOSS OF
WAVEFORM” ORRR < 6

DISPLAY “ALERT: SEVERE
HYPOVENTILATION OR APNEA”

x__‘r_/

US 8,679,029 B2
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AUTOMATED INTERPRETIVE MEDICAL
CARE SYSTEM AND METHODOLOGY

REFERENCE TO CO-PENDING APPLICATIONS

This application is a Continuation-in-Part Application of
U.S. patent application Ser. No. 10/433,760 filed on Jun. 10,
2004 now U.S. Pat. No. 8,147,419 which is a US National
phase of PCT Application No. PCT/IL01/01127, filed Dec. 6,
2001 which claims priority of U.S. Provisional Application
Ser. No. 60/251,828 filed Dec. 7, 2000 and U.S. Provisional
Application Ser. No. 60/251,829 filed Dec. 7, 2000, all of
which are hereby incorporated in their entirety by reference.

FIELD OF THE INVENTION

The present invention relates to the use of respiratory infor-
mation in automated medical status assessment.

BACKGROUND OF THE INVENTION

The following U.S. patent and publication are believed to
represent the current state of the art: U.S. Pat. No. 4,440,177
to Anderson et al, describes a respiratory analyzer system.
Reference is also made to NIH publication on. 97-4051
entitled “Guidelines for the Diagnosis and Management of
Asthma” pp 108-109, 1991.

The disclosures of all references mentioned above and
throughout the present specification are hereby incorporated
herein by reference.

SUMMARY OF THE INVENTION

The present invention seeks to provide improved methods
and apparatus for monitoring, diagnosing and treating at least
one medical respiratory condition.

There is thus provided in accordance with a preferred
embodiment of the present invention, a system employing at
least one parameter relating at least to respiration of a patient
for providing an indication relating to at least one medical
condition, the system including:

a medical data input interface adapted to provide the at
least one medical parameter relating at least to respiration of
the patient, and

amedical parameter interpretation functionality receiving
the at least one medical parameter relating at least to respira-
tion of the patient and providing the at least one output indi-
cation relating to a degree of severity of at least one medical
condition indicated by the at least one medical parameter.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a system
employing at least one parameter relating at least to respira-
tion of a patient for providing at least one indication relating
to at least one medical condition, the system including:

a mobile platform, and

amedical care facility suitable for use by an operator other
than a medical doctor, the medical care facility including:

a medical data input interface providing the at least one
medical parameter regarding a patient, and

a medical parameter interpretation functionality receiving
the at least one medical parameter regarding the patient and
providing the at least one output indication relating to a
degree of severity of the at least one medical condition indi-
cated by the at least one medical parameter.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a system
employing at least one parameter relating at least to respira-
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tion of a patient for providing at least one indication relating
to at least one medical condition, the system including:

a medical data input interface providing the at least one
medical parameter regarding a patient,

a medical parameter interpretation functionality receiving
the at least one medical parameter regarding the patient and
providing the at least one output indication, and

a treatment control functionality for controlling the provi-
sion of at least one treatment to a patient in response to the at
least one output indication.

There is thus further provided in accordance with yet
another preferred embodiment of the present invention, a
system employing at least one parameter relating at least to
respiration of a patient for providing at least one indication
relating to at least one medical condition, the system includ-
ing:

a mobile platform, and

amedical care facility suitable for use by an operator other
than a medical doctor, the medical care facility including:

a medical data input interface providing the at least one
medical parameter regarding a patient,

a medical parameter interpretation functionality receiving
the at least one medical parameter regarding the patient and
providing the at least one output indication, and a treatment
control functionality for controlling the provision of at least
one treatment to a patient in response to the atleast one output
indication.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a system
employing at least two parameters relating at least to respi-
ration ofa patient for providing at least one indication relating
to at least one medical condition, the system including:

amedical data input interface providing at least two medi-
cal parameters regarding a patient, and

a medical parameter interpretation functionality receiving
the at least two medical parameters regarding the patient and
providing the at least one output indication relating to at least
one medical condition indicated by the at least two medical
parameters.

There is thus yet further provided in accordance with
another preferred embodiment of the present invention, a
system employing at least two parameters relating at least to
respiration of a patient for providing at least one indication
relating to at least one medical condition, the system includ-
ing:

a mobile platform, and

amedical care facility suitable for use by an operator other
than a medical doctor the medical care facility including;

amedical data input interface providing at least two medi-
cal parameters regarding a patient, and

a medical parameter interpretation functionality receiving
the at least two medical parameters regarding the patient and
providing the at least one output indication relating to at least
one medical condition indicated by the at least two medical
parameters.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a system
employing a plurality of parameters relating at least to respi-
ration of a patient for providing a plurality of indications
relating to at least one medical condition, the system includ-
ing:

a medical data input interface providing the plurality of
medical parameters regarding a patient,

a medical parameter interpretation functionality receiving
the plurality of medical parameters regarding the patient and
providing the plurality of output indications, and
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a medical treatment control functionality for controlling
the provision of at least one treatment to a patient in response
to changes in the relationship between the output indications.

There is thus further provided in accordance with yet
another preferred embodiment of the present invention, a
system employing a plurality of parameters relating at least to
respiration of a patient for providing a plurality of indications
relating to at least one medical condition, the system includ-
ing:

amobile platform, and

amedical care facility suitable for use by an operator other
than a medical doctor, the medical care facility including:

a medical data input interface providing a plurality of
medical parameters regarding a patient,

amedical parameter interpretation functionality receiving
the plurality of medical parameters regarding the patient and
providing the plurality of output indications, and

a medical treatment control functionality for controlling
the provision of at least one treatment to a patient in response
to changes in the relationship between the output indications.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a system
employing a plurality of parameters relating at least to respi-
ration of a patient for providing an indication relating to at
least one medical condition, the system including:

a medical data input interface providing the plurality of
medical parameters regarding a patient, and

a medical parameter response functionality receiving the
plurality of medical parameters regarding the patient and
providing an output indication based on the relationship
between the medical parameters.

There is thus yet further provided in accordance with
another preferred embodiment of the present invention, a
system employing a plurality of parameters relating at least to
respiration of a patient for providing an indication relating to
at least one medical condition, the system including:

amobile platform, and

amedical care facility suitable for use by an operator other
than a medical doctor, the medical care facility including:

a medical data input interface providing the plurality of
medical parameters regarding a patient, and

a medical parameter response functionality receiving the
plurality of medical parameters regarding the patient and
providing an output indication based on the relationship
between the medical parameters.

There is thus additionally provided in accordance with
another preferred embodiment of the present invention, a
system employing a plurality of parameters relating at least to
respiration of a patient for providing an indication relating to
at least one medical condition, the system including:

a medical data input interface providing the plurality of
medical parameters regarding a patient, and

amedical treatment control functionality receiving the plu-
rality of medical parameters regarding the patient and con-
trolling at least one treatment based on a relationship between
the medical parameters.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a system
employing a plurality of parameters relating at least to respi-
ration of a patient for providing an indication relating to at
least one medical condition, the system including:

amobile platform, and

amedical care facility suitable for use by an operator other
than a medical doctor, the medical care facility including:

a medical data input interface providing the plurality of
medical parameters regarding a patient, and
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amedical treatment control functionality receiving the plu-
rality of medical parameters regarding the patient and con-
trolling at least one treatment based on a relationship between
the medical parameters.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a system
employing a plurality of parameters relating at least to respi-
ration of a patient for providing an indication relating to at
least one medical condition, the system including:

a medical data input interface providing the plurality of
medical parameters regarding a patient, and

a medical parameter response functionality receiving the
plurality of medical parameters regarding the patient and
providing an output indication relating to a degree of severity
of at least one medical condition indicated by the plurality of
medical parameters.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a system
employing a plurality of parameters relating at least to respi-
ration of a patient for providing an indication relating to at
least one medical condition, the system including:

a mobile platform, and

amedical care facility suitable for use by an operator other
than a medical doctor, the medical care facility including:

a medical data input interface providing the plurality of
medical parameters regarding a patient, and

a medical parameter response functionality receiving the
plurality of medical parameters regarding the patient and
providing an output indication relating to a degree of severity
of at least one medical condition indicated by the plurality of
medical parameters.

There is thus further provided in accordance with another
preferred embodiment of the present invention, an emergency
medical transport facility including:

a mobile platform, and

amedical care system suitable for use by an operator other
than a medical doctor, the medical care system including:

amedical data input interface providing at least one medi-
cal parameter regarding a patient, and

a medical parameter interpretation functionality receiving
the at least one medical parameter regarding the patient and
providing an output indication relating to a degree of severity
of at least one medical condition indicated by the at least one
medical parameter.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a system
employing at least one parameter relating at least to respira-
tion of a patient for providing an indication relating to at least
one medical condition, the system including:

a medical data input interface adapted to provide the at
least one medical parameter relating at least to respiration of
the patient, and

a medical parameter interpretation functionality receiving
the at least one medical parameter regarding the patient, and
wherein the at least one medical parameter interpretation
functionality includes:

amedical condition diagnosis functionality for diagnosing
the presence of the at least one medical condition, and

a medical condition severity functionality indicating the
degree of severity of the at least one medical condition.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a system
employing at least one parameter relating at least to respira-
tion of a patient for providing an indication relating to at least
one medical condition, the system including:

a mobile platform, and
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amedical care facility suitable for use by an operator other
than a medical doctor, the medical care facility including:

a medical data input interface providing the at least one
medical parameter regarding a patient, and

amedical parameter interpretation functionality receiving
the at least one medical parameter regarding the patient and
wherein the at least one medical parameter interpretation
functionality includes:

amedical condition diagnosis functionality for diagnosing
the presence of the at least one medical condition, and

a medical condition severity functionality indicating the
degree of severity of the at least one medical condition.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a system
employing at least one parameter relating at least to respira-
tion of a patient for providing an indication relating to at least
one medical condition, the system including:

a medical data input interface adapted to provide the at
least one medical parameter relating at least to respiration of
the patient, and

amedical parameter interpretation functionality receiving
the at least one medical parameter regarding the patient, and
wherein the at least one medical parameter interpretation
functionality includes:

amedical condition diagnosis functionality for diagnosing
the presence of the at least one medical condition, and

a medical condition severity functionality indicating the
degree of severity of the at least one medical condition,

and,

a treatment control functionality for controlling the provi-
sion of at least one treatment to the patient in response to the
degree of severity.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a system
employing at least one parameter relating at least to respira-
tion of a patient for providing an indication relating to at least
one medical condition, the system including:

amobile platform, and

amedical care facility suitable for use by an operator other
than a medical doctor, the medical care facility including:

a medical data input interface providing the at least one
medical parameter regarding a patient, and

amedical parameter interpretation functionality receiving
the at least one medical parameter regarding the patient and
wherein the at least one medical parameter interpretation
functionality includes:

amedical condition diagnosis functionality for diagnosing
the presence of the at least one medical condition, and

a medical condition severity functionality indicating the
degree of severity of the at least one medical condition,

and,

a treatment control functionality for controlling the provi-
sion of at least one treatment to the patient in response to the
degree of severity.

There is thus also provided in accordance with another
preferred embodiment of the present invention, an emergency
medical transport methodology including:

transporting a patient on a mobile platform,

interfacing the patient with a medical data interface which
provides at least one medical parameter of the patient, and

inputting the medical parameter to a medical parameter
interpretation functionality, which interprets the at least one
medical parameter and provides an output indication relating
to a degree of severity of the at least one medical condition.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a method of
determining the degree of severity of at least one medical

20

25

40

45

60

65

6

condition of a patient, the condition being associated with at
least one medical parameter, including the steps of:
interfacing the patient with a medical data interface which
provides at least one medical parameter of the patient, and
inputting the medical parameter to a medical parameter
interpretation functionality, which interprets the at least one
medical parameter and provides an output indication relating
to a degree of severity of the at least one medical condition.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a method of
controlling the provision of at least one treatment to a patient
for at least one medical condition including the steps of:

interfacing the patient with a medical data interface which
provides at least one medical parameter of the patient,

inputting the at least one medical parameter to a medical
parameter interpretation functionality, which interprets the at
least one medical parameter and provides an output indica-
tion, and

controlling the provision of the at least one treatment in
response to the output indication.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a method of
providing an output indication relating to at least one medical
condition indicated by at least two medical parameters,
including the steps of:

interfacing the patient with a medical data interface which
provides at least two medical parameters of the patient,

inputting the at least two medical parameters to a medical
parameter interpretation functionality, which interprets the at
least two medical parameters and provides an output indica-
tion of the at least one medical condition.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a method of
controlling the provision of at least one treatment for at least
one medical condition to a patient including the steps of:

interfacing the patient with a medical data interface which
provides a plurality of medical parameters of the patient,

inputting the medical parameters to a medical parameter
interpretation functionality, which interprets the medical
parameters and provides a plurality of output indications, and

controlling the provision of the at least one treatment in
response to changes in the relationship between the output
indications.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a method of
providing an output indication regarding the clinical state for
at least one medical condition of a patient, including the steps
of:

interfacing the patient with a medical data interface which
provides a plurality of medical parameters regarding the
patient, and

inputting the plurality of medical parameters to a medical
parameter interpretation functionality, which provides an
output indication based on the relationship between the medi-
cal parameters.

There is thus additionally provided in accordance with
another preferred embodiment of the present invention, a
method of controlling the provision of at least one treatment
to a patient for at least one medical condition including the
steps of;

interfacing the patient with a medical data interface which
provides a plurality of medical parameters of the patient,

inputting the medical parameters to a medical parameter
interpretation functionality,

interpreting the medical parameters by the medical param-
eter interpretation functionality,
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providing a plurality of output indications by the medical
parameter interpretation functionality, and

inputting the output indications to a medical treatment
control unit, which controls the at least one treatment in
response to the relationship between the medical parameters.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a method of
providing an output indication relating to a degree of severity
of at least one medical condition of a patient including the
steps of:

interfacing the patient with a medical data interface which
provides a plurality of medical parameters regarding the
patient, and

inputting the medical parameters to a medical parameter
interpretation functionality,

interpreting the medical parameters by the medical param-
eter interpretation functionality,

providing a plurality of output indications by the medical
parameter interpretation functionality, and

inputting the output indications to a medical parameter
response unit which provides a response relating to a degree
of severity of the at least one medical condition indicated by
the plurality of medical parameters.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a method of
determining the degree of sevetity of at least one medical
condition of a patient, the condition being associated with at
least one medical parameter, including the steps of:

interfacing the patient with a medical data interface which
provides at least one medical parameter of the patient,

inputting the medical parameter to a medical parameter
interpretation functionality, which interprets the at least one
medical parameter and provides an output indication relating
to a degree of severity of the at least one medical condition,
and

medically treating the patient in accordance with the output
indication.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a medical
care methodology employing at least one parameter relating
at least to respiration for providing an indication relating to at
least one medical condition, the method including:

(1) monitoring the at least one parameter relating at least to
respiration of a patient over a period of time by means of at
least one monitoring device so as to provide at least one
monitoring output,

(11) processing the at least one monitoring output so as to
provide at least one corresponding processing output by
means of a processor,

(ii1) displaying a first indication of the patient on a display
responsive to the at least one corresponding processing out-
put,

(iv) medically treating the patient in accordance with the
indication,

(v) repeating the monitoring step (i) and processing step
(ii), subsequent to the treatment so as to provide a difference
in the at least one monitoring parameter,

(vi) processing the difference in the at least one at least one
monitoring parameter so as to provide at least one corre-
sponding processing output of the difference, and,

(vii) displaying a second indication of the patient on a
display responsive to the at least one corresponding process-
ing output of the difference.

There is thus yet further provided in accordance with
another preferred embodiment of the present invention, a
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method of controlling the provision of at least one treatment
to a patient for at least one medical condition including the
steps of:

interfacing the patient with a medical data interface which
provides at least one medical parameter of the patient,

inputting the at least one medical parameter to a medical
parameter interpretation functionality, which interprets the at
least one medical parameter and provides an output indica-
tion, and

controlling the provision of the at least one treatment in
response to the output indication.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a method of
controlling the provision of at least one treatment for at least
one medical condition to a patient including the steps of:

interfacing the patient with a medical data interface which
provides a plurality of medical parameters of the patient,

inputting the medical parameters to a medical parameter
interpretation functionality, which interprets the medical
parameters and provides a plurality of output indications,

controlling the provision of the at least one treatment in
response to changes in the relationship between the output
indications, and

providing an update in a status of the patient responsive to
the output indications.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a method of
providing an output indication regarding the clinical state for
at least one medical condition of a patient, including the steps
of:

interfacing the patient with a medical data interface which
provides a plurality of medical parameters regarding the
patient,

inputting the plurality of medical parameters to a medical
parameter interpretation functionality, which provides the
output indication based on the relationship between the medi-
cal parameters, and

providing a treatment recommendation by means of a treat-
ment recommendation functionality.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a method of
controlling the provision of at least one treatment to a patient
for at least one medical condition including the steps of:

interfacing the patient with a medical data interface which
provides a plurality of medical parameters of the patient,

inputting the medical parameters to a medical parameter
interpretation functionality, which interprets the medical
parameters and provides a plurality of output indications,

inputting the output indications to a medical treatment
control unit, which controls the at least one treatment in
response to the relationship between the medical parameters,
and

providing an update in a status of the patient responsive to
the relationship between the medical parameters.

There is thus yet further provided in accordance with
another preferred embodiment of the present invention, a
method of providing an output indication relating to a degree
of severity of at least one medical condition of a patient
including the steps of:

interfacing the patient with a medical data interface which
provides a plurality of medical parameters regarding the
patient, and

inputting the medical parameters to a medical parameter
interpretation functionality, which interprets the medical
parameters and provides a plurality of output indications,

inputting the output indications to a medical parameter
response unit which provides a response relating to a degree
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of severity of the at least one medical condition indicated by
the plurality of medical parameters, and

controlling the provision of at least one treatment in
response to the degree of severity.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a computer
software product for determining the degree of severity of at
least one medical condition of a patient, the condition being
associated with at least one medical parameter, including a
computer-readable medium in which program instructions
are stored, which instructions, when read by a computer,
cause the computer to:

interface the patient with a medical data interface which
provides at least one medical parameter of the patient, and

input the medical parameter to a medical parameter inter-
pretation functionality, which interprets the at least one medi-
cal parameter and provides an output indication relating to a
degree of severity of the at least one medical condition.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a computer
software product for controlling the provision of at least one
treatment to a patient including a computer-readable medium
in which program instructions are stored, which instructions,
when read by a computer, cause the computer to:

interface the patient with a medical data interface which
provides at least one medical parameter of the patient,

input the medical parameter to a medical parameter inter-
pretation functionality, which interprets the at least one medi-
cal parameter and provides an output indication, and

control the provision of the at least one treatment in
response to the output indication.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a computer
software product for providing an output indication relating
to at least one medical condition of a patient indicated by at
least two medical parameters, including a computer-readable
medium in which program instructions are stored, which
instructions, when read by a computer, cause the computer to:

interface the patient with a medical data interface which
provides at least two medical parameters of the patient,

input the at least two medical parameters to a medical
parameter interpretation functionality, which interprets the at
least two medical parameters and provides an output indica-
tion of the at least one medical condition.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a computer
software product for controlling the provision of at least one
treatment to a patient, including a computer-readable medium
in which program instructions are stored, which instructions,
when read by a computer, cause the computer to:

interface the patient with a medical data interface which
provides a plurality of medical parameters of the patient,

input the medical parameters to a medical parameter inter-
pretation functionality, which interprets the medical param-
eters and provides a plurality of output indications, and

control the provision of the at least one treatment in
response to changes in the relationship between the output
indications.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a computer
software product for providing an output indication regarding
the clinical state of a patient, including a computer-readable
medium in which program instructions are stored, which
instructions, when read by a computer, cause the computer to:

interface the patient with a medical data interface which
provides a plurality of medical parameters regarding the
patient, and
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input the medical parameters to a medical parameter
response unit, which providing the output indication based on
the relationship between the medical parameters.

There is thus further provided in accordance with another
preferred embodiment of the present invention, a computer
software product for controlling the provision of at least one
treatment to a patient, including a computer-readable medium
in which program instructions are stored, which instructions,
when read by a computer, cause the computer to:

interface the patient with a medical data interface which
provides a plurality of medical parameters of the patient,

input the medical parameters to a medical treatment con-
trol unit, which controls the at least one treatment in response
to the relationship between the medical parameters.

There is thus additionally provided in accordance with
another preferred embodiment of the present invention, a
computer software product for providing an output indication
relating to a degree of severity of at least one medical condi-
tion of a patient including a computer-readable medium in
which program instructions are stored, which instructions,
when read by a computer, cause the computer to:

interface the patient with a medical data interface which
provides a plurality of medical parameters regarding the
patient, and

input the medical parameters to a medical parameter
response unit which provides an output indication relating to
a degree of severity of the at least one medical condition
indicated by the plurality of medical parameters.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a computer
software product for relating at least to respiration ofa patient
for providing an indication relating to at least one medical
condition, including a computer-readable medium in which
program instructions are stored, which instructions, when
read by a computer, cause the computer to:

provide the at least one medical parameter relating at least
to respiration of the patient by means of a medical data input
interface, and

receive the at least one medical parameter regarding the
patient by means of a medical parameter interpretation func-
tionality, and,

provide an output indication relating to a degree of severity
of at least one medical condition indicated by the at least one
medical parameter.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a computer
software product for providing an indication relating to at
least one medical condition, including a computer-readable
medium in which program instructions are stored, which
instructions, when read by acomputer, cause the computer to:

(1) monitor at least one parameter relating at least to respi-
ration of a patient over a period of time by means of at least
one monitoring device so as to provide at least one monitoring
output,

(i1) process the at least one monitoring output so as to
provide at least one corresponding processing output by
means of a processor,

(iii) display a first indication of the patient on a display
responsive to the at least one corresponding processing out-
put:

(iv) medical treating the patient in accordance with the
indication,

(v) repeat the monitoring step (i) and processing step (ii),
subsequent to the treatment so as to provide a differenceinthe
at least one monitoring parameter,
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(vi) process the difference in the at least one at least one
monitoring parameter so as to provide at least one corre-
sponding processing output of the difference, and,

(vii) display a second indication of the patient on a display
responsive to the at least one corresponding processing output
of the difference.

There is thus also provided in accordance with another
preferred embodiment of the present invention, a computer
software product for controlling the provision of at least one
treatment to a patient for at least one medical condition
including a computer-readable medium in which program
instructions are stored, which instructions, when read by a
computer, cause the computer to:

interface the patient with a medical data interface which
provides at least one medical parameter of the patient,

input the at least one medical parameter to a medical
parameter interpretation functionality, which interprets the at
least one medical parameter and provides an output indica-
tion, and

control the provision of the at least one treatment in
response to the output indication.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the data
input interface includes at least one monitoring device opera-
tive to continuously monitor the at least one medical param-
eter.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the data input interface includes at least one monitoring
device operative to continuously monitor the at least two
medical parameters.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the data
input interface includes at least one monitoring device opera-
tive to continuously monitor the plurality of medical param-
eters.

Preferably, the at least one monitoring device includes a
capnograph.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the at least one monitoring device is operative to collect a
sample of expired air from the patient.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the at
least one monitoring device includes at least one of the fol-
lowing:

an electrocardiogram (ECG) monitoring device,

a blood pressure monitoring device,

an electroencephalogram (EEG) monitoring device,

an NI blood pressure monitoring device,

a respiratory rate monitoring device,

a heart rate monitoring device,

a systemic perfusion monitoring device, and

an exhaled air monitoring device.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the at
least one monitoring device is operative to monitor at least
one of:

an expired air carbon dioxide concentration, and

an expired air carbon dioxide profile parameter.

Yet further, in accordance with a preferred embodiment of
the present invention, there is provided a system wherein the
at least one monitoring device is operative to monitor at least
one of the following waveforms:

a carbon dioxide waveform (capnogram),

an EEG waveform, and

an ECG waveform.
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Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the at least one monitoring device is adapted to digitize at
least one of the waveforms.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein at
least one of:

the at least one monitoring device, and

the medical parameter interpretation functionality,

is further operative to provide at least one of the following
measurements:

aslope of the increase in the carbon dioxide concentration,

a run of time taken to reach 80% maximum exhaled CO,
concentration, and

an angle of rise to 80% maximum exhaled CO, concentra-
tion.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein at least
one of:

the at least one monitoring device, and

the medical parameter interpretation functionality,

is further operative to a value of CAP-FEV1.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the medical parameter interpretation functionality is further
operative to provide an alert responsive to a measure of CAP-
FEV1 being less than 50% of an expected value.

Moreover, in accordance with a preferred embodiment of
the present invention, there is provided a system wherein the
medical parameter interpretation functionality is further
operative to provide an alert responsive to the run being
greater than 0.3 seconds and the slope being less than 100 mm
Hg/sec.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the medical parameter interpretation functionality is further
operative to provide an indication of at least one of’

defective functioning of the monitoring device, and,

defective placing of the monitoring device,

responsive to a value of at least one of the measurements.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the at
least one medical parameter includes at least one of:

an expired air carbon dioxide concentration, and

an expired air carbon dioxide profile parameter.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the at
least one medical parameter includes at least one of:

a visual parameter,

a breathing parameter,

an oxygen parameter,

an ECG parameter,

a heart function parameter,

a neurological parameter,

a blood pressure parameter, and

an EEG parameter.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the at least two medical parameters include at least one of:

a visual parameter,

a breathing parameter,

an oxygen parameter,

an ECG parameter,

a heart function parameter,

a neurological parameter,

a blood pressure parameter, and

an EEG parameter.
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Also, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
plurality of medical parameters includes at least one of:

a visual parameter,

a breathing parameter,

an oxygen parameter,

an ECG parameter,

a heart function parameter,

aneurological parameter,

ablood pressure parameter, and

an BEG parameter.

Also, the visual parameter includes a visual appearance of
the patient.

Additionally, the breathing parameter includes at least one
of:

a respiratory rate of the patient,

an FEV value, and

an FVC value.

Furthermore, the oxygen parameter includes at least one
of:

PO,, and

SPO,

Preferably, the ECG parameter includes at least one of:

a QRS parameter, and

an ST segment.

Typically, the heart function parameter includes a heart rate
parameter.

Generally, the neurological function parameter includes a
reflex parameter.

Also, the blood pressure parameter includes at least one of:

a blood pressure measurement, and

a systolic:diastolic ratio.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the medical parameter interpretation functionality is opera-
tive to provide an indication of the patient’s status being
within a normal range if at least one of the following require-
ments is fulfilled:

a) the blood pressure values are within the normal range,

b) the respiratory rate is normal,

¢) CO, run is less than or equal to 0.3 sec,

d) CO, slope is more than or equal to 100 mm Hg/sec,

e) SPO, is greater or equal to than 95%, and

1) ETCOQ, is less than or equal to 45 mm Hg.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the medical parameter response functionality is operative to
provide an output indication responsive to a deviation from
any one of the following requirements:

a) the blood pressure values are within the normal range,

b) the respiratory rate is normal,

¢) CO, run is less than or equal to 0.3 sec,

d) CO, slope is more than or equal to 100 mm Hg/sec,

e) SPO, is greater or equal to than 95%, and

1) ETCO, is less than or equal to 45 mm Hg.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
medical treatment control functionality is operative to pro-
vide a treatment to the patient responsive to a deviation from
any one of these requirements:

a) the blood pressure values are within the normal range,

b) the respiratory rate is normal,

¢) CO, run is less than or equal to 0.3 sec,

d) CO, slope is more than or equal to 100 mm Hg/sec,

e) SPO, is greater or equal to than 95%, and

1) ETCQ, is less than or equal to 45 mm Hg.
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Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the medical parameter interpretation functionality is opera-
tive to provide an indication of the patient’s status being
within a normal range if all of the following requirements are
fulfilled:

a) the blood pressure values are within the normal range,

b) the respiratory rate is normal,

¢) CO, run is less than or equal to 0.3 sec,

d) CQO, slope is more than or equal to 100 mm Hg/sec,

e) SPQ, is greater or equal to than 95%, and

f) ETCO, is less than or equal to 45 mm Hg.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the medical parameter interpretation functionality includes:

amedical condition diagnosis functionality for diagnosing
the presence of the at least one medical condition, and

a medical condition severity indication functionality for
indicating the degree of severity of the at least one medical
condition.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
medical parameter interpretation functionality is operative to
provide an indication of the patient’s status being outside the
normal range if any of the requirements are not fulfilled.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the medical condition severity functionality is operative to
provide an indication of the degree of severity of the at least
one medical condition responsive to a degree of deviation of
from at least one of the requirements.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the medical condition diagnosis functionality is operative to
diagnose a respiratory disorder.

Moreover, in accordance with a preferred embodiment of
the present invention, there is provided a system wherein the
medical condition diagnosis functionality is further operative
to provide a diagnosis of a respiratory disorder responsive to
any of the requirements not being fulfilled.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
medical condition diagnosis functionality is further operative
to provide a diagnosis of a severity of the respiratory disorder
responsive to a quantitative measure of deviation of at least
one parameter from at least one of the requirements.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the respiratory disorder includes at least one of:

a restrictive lung disease,

bronchospasm,

asthma,

bronchitis,

emphysema,

a respiratory failure,

fibrosis, and

an upper airway obstructive disease.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the medical condition diagnosis functionality is operative to
provide a diagnosis of the restrictive lung disease responsive
to at least one of the following cases:

the run is greater or equal to 0.3 sec, or

the slope is less than or equal to 100 mm Hg/sec.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the medical condition diagnosis functionality is operative to
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provide a diagnosis of the obstructive lung disease responsive
to at least one of the following cases:

the run is less than 0.3 sec, or

the slope is more than 100 nm Hg/sec.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
medical condition diagnosis functionality is further operative
to provide a diagnosis of a heart disorder responsive to any of
the requirements not being fulfilled.

Yet further, in accordance with a preferred embodiment of
the present invention, there is provided a system wherein the
medical condition diagnosis functionality is further operative
to provide a diagnosis of a heart failure if the following
requirements are fulfilled:

CAP-FEV1 is less than or equal to a 40:10 point ratio,

anormal CAP-FEV1/FVC ratio,

CO, run is less than 0.3 sec, and

CO, slope is more than 100 mm Hg/sec.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the medical condition diagnosis functionality is further
operative to provide a diagnosis of a severity of the heart
disorder responsive to a quantitative measure of a deviation
from any of the requirements.

Moreover, in accordance with a preferred embodiment of
the present invention, there is provided a system wherein the
medical parameter interpretation functionality is operative to
provide a recommendation to perform at least one of the
following treatments responsive to the indication:

intubation of the patient,

hospitalization of the patient,

treat the patient with medication, and

transfer of the patient to an intensive care unit.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
medical parameter interpretation functionality is operative to
provide the at least one output indication responsive to a
pattern of changes in the at least one medical parameter over
time.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the medical parameter interpretation functionality is further
operative to provide an output indication responsive to a
pattern of changes in the degree of severity of the at least one
medical condition over time.

Yet further, in accordance with a preferred embodiment of
the present invention, there is provided a system wherein the
medical parameter interpretation functionality is operative to
provide the plurality of output indications responsive to a
pattern of changes in the plurality of medical parameters over
time.

Still further, in accordance with a preferred embodiment of
the present invention, there is provided a system wherein the
medical parameter interpretation functionality is further
operative to provide the plurality of output indications
responsive to a pattern of changes in the degree of severity of
the at least one medical condition over time.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system which also
includes a treatment recommendation functionality.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the treatment recommendation functionality is operative to
recommend treatment responsive to the location of the
patient.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
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treatment recommendation functionality is operative to rec-
ommend treatment responsive to a change in at least one of
the following:

a change in the run,

a change in the ETCO,,

a change in the slope,

a change in the angle of rise of CO,, and

a change in the SPO,.

Yet further, in accordance with a preferred embodiment of
the present invention, there is provided a system wherein the
treatment recommendation functionality is responsive to a
pattern of changes in the degree of severity of the at least one
medical condition over time.

Still further, in accordance with a preferred embodiment of
the present invention, there is provided a system wherein the
treatment recommendation functionality is operative to pro-
vide an alert if at least one of the following requirements is
fulfilled:

a change in the run of more than 0.1 s,

achange in the slope is more negative than -15 mm Hg/sec,
and

a change in the SPO, is more negative than -5%.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
treatment recommendation functionality is operative to pro-
vide a recommendation for at least one of the following
treatmerts responsive to at least one of the requirements:

intubation of the patient,

hospitalization of the patient,

treat the patient with intravenous medication, and

transfer of the patient to an intensive care unit.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
treatment recommendation functionality is operative to pro-
vide a recommendation to perform at least one of:

continue monitoring, and

continue treating the patient if at least one of the following
conditions is fulfilled:

achange in the run is less negative or equal to -0.1 s but less
positive or equal to 0.1 s,

a change in the slope is less negative or equal to -15
Hg/sec, but less positive or equal to +15 mm Hg/sec, and

a change in the SPO, is less negative or equal to -5%, but
less positive or equal to +5%.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
treatment recommendation functionality is operative to per-
form at least one of the following:

provide a message indicative of an improvement in the
patient’s status, and

recommend discontinuing a treatment procedure, if at least
one of the following conditions is fulfilled:

a change in the run is more negative than -0.1 s,

achange in the slope is more positive than +15 mm Hg/sec,
and

a change in the SPO, is more positive than 5%.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
treatment recommendation functionality is operative to pro-
vide a recommendation to continue monitoring the patient
responsive to the pattern of changes indicating at least one of:

a deterioration in the status of the patient, and,

a non-significant change in the status of the patient.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the treatment recommendation functionality is operative to
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provide a recommendation to stop monitoring the patient
responsive to a pattern of changes indicating an improvement
in the status of the patient.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
treatment recommendation functionality is additionally
responsive to information regarding other treatment received
by the patient.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a system including a
treatment control functionality for controlling the provision
of at least one treatment to a patient.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the at
least one treatment includes at least one of:

intubation of the patient,

hospitalization of the patient,

treat the patient with medication, and

transfer of the patient to an intensive care unit.

Yet further, in accordance with a preferred embodiment of
the present invention, there is provided a system wherein the
treatment control functionality is responsive to a pattern of
changes in the at least one medical parameter over time.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
treatment control functionality is responsive to a pattern of
changes in the degree of severity of the at least one medical
condition over time.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
treatment control functionality is additionally responsive to
information regarding other treatment received by the patient.

Still further, in accordance with a preferred embodiment of
the present invention, there is provided a system wherein the
treatment control functionality controls the provision of the at
least one treatment to the patient in response to changes in the
at least output indication over time.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the at
least one medical parameter includes a plurality of medical
parameters.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein at
least two medical parameters include a plurality of medical
parameters.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the plurality of medical parameters includes at least two of
CO,, ECG, SPO,, PO,, NIBP and spirometry parameters.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system wherein the
output indication relating to a degree of severity of at least one
medical condition is determined at least partially by changes
in the at least one medical parameter.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a system wherein
the at least one medical parameter includes a plurality of
medical parameters.

Also, the at least one medical parameter preferably
includes a plurality of medical parameters.

Yet further, in accordance with a preferred embodiment of
the present invention, there is provided a system and also
including a transmitter functionality adapted to convey the
output indication to a remote location.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a system further operative
to provide a treatment responsive to at least one of:
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the output indication, and

the remote location.

Further, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport facility and wherein the medical parameter interpre-
tation functionality includes:

amedical condition diagnosis functionality for diagnosing
the presence of the at least one medical condition, and

a medical condition severity functionality indicating the
degree of severity of the at least one medical condition.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport facility wherein the medical parameter
interpretation functionality provides an output indication
responsive to a pattern of changes in the at least one medical
parameter over time.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport facility wherein the medical parameter
interpretation functionality provides an output indication
responsive to a pattern of changes in the degree of severity of
the at least one medical condition over time.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport facility also including treatment recom-
mendation functionality.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport facility wherein the treatment recommen-
dation functionality is responsive to a pattern of changes in
the at least one medical parameter over time.

Also, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport facility wherein the treatment recommendation
functionality is responsive to a pattern of changes in the
degree of severity of the at least one medical condition over
time.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport facility wherein the treatment recommen-
dation functionality is additionally responsive to information
regarding other treatment received by the patient.

Moreover, in accordance with a preferred embodiment of
the present invention, there is provided an emergency medical
transport facility which includes a treatment control function-
ality for controlling the provision of at least one treatment to
a patient.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport facility wherein the treatment control func-
tionality is responsive to a pattern of changes in the at least
one medical parameter over time.

Further, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport facility wherein the treatment control functionality
is responsive to a pattern of changes in the degree of severity
of the at least one medical condition over time.

Also, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport facility wherein the treatment control functionality
is additionally responsive to information regarding other
treatment received by the patient.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport facility wherein the at least one medical
parameter includes a plurality of medical parameters.
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Additionally, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport facility wherein the plurality of medical
parameters includes at least two of CO,, ECG, SPO,, PO,,
NIBP, EEG and spirometry parameters.

Further, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport facility wherein the output indication relating to a
degree of severity of at least one medical condition is deter-
mined at least partially by changes in at least one medical
parameter.

Yet further, in accordance with a preferred embodiment of
the present invention, there is provided an emergency medical
transport facility which also includes a transmitter function-
ality for conveying the output indication to a remote location.

Also, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport facility wherein the treatment control functionality
controls the provision of the at least one treatment to a patient
in response to changes in the output indication over time.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein the at
least one medical parameter includes at least one of:

an expired air carbon dioxide concentration, and

an expired air carbon dioxide profile parameter.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
the at least two medical parameters include at least one of:

an expired air carbon dioxide concentration, and

an expired air carbon dioxide profile parameter.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
the plurality of parameters includes at least one of:

an expired air carbon dioxide concentration, and

an expired air carbon dioxide profile parameter.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein inter-
facing the patient includes monitoring the patient by means of
at least one of:

a monitoring device, and

the medical parameter interpretation functionality.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
monitoring the patient includes monitoring by means of at
least one of the following:

an electrocardiogram (ECG) monitoring device,

ablood pressure monitoring device,

an electroencephalogram (EEG) monitoring device,

an NI blood pressure monitoring device,

a respiratory rate monitoring device,

a heart rate monitoring device,

amethodic perfusion monitoring device, and

an exhaled air monitoring device.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein moni-
toring includes monitoring at least one of the following wave-
forms:

a carbon dioxide waveform (capnogram),

an EEG waveform, and

an ECG waveform.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
the monitoring includes analyzing a sample of expired air
from the patient by a capnograph.
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Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein ana-
lyzing the sample includes digitizing at least one of the wave-
forms.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein moni-
toring the patient includes providing at least one of the fol-
lowing measurements:

aslope of the increase in the carbon dioxide concentration,

a run of time taken to reach 80% maximum exhaled CQO,
concentration, and

an angle of rise to 80% maximum exhaled CO, concentra-
tion.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein pro-
viding the output includes indicating at least one of:

defective functioning of the monitoring device, and,

defective placing of the monitoring device,

responsive to a value of at least one of the measurements.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
monitoring the patient includes providing a value of CAP-
FEVI.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method including pro-
viding an alert responsive to a measure of CAP-FEV1 being
less than 50% of an expected value.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
analyzing the sample includes providing responsive to at least
one of:

the run being greater than 0.3 seconds, or

the slope being less than 100 mm Hg/sec.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein the at
least one medical parameter includes at least one of:

a visual parameter,

a breathing parameter,

an oxygen parameter,

an ECG parameter,

a heart function parameter,

a neurological parameter,

a blood pressure parameter, and

an EEG parameter.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
the at least two medical parameters include at least one of:

a visual parameter,

a breathing parameter,

an oxygen parameter,

an ECG parameter,

a heart function parameter,

a neurological parameter,

a blood pressure parameter, and

an EEG parameter.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
the plurality of medical parameters include at least one of:

a visual parameter,

a breathing parameter,

an oxygen parameter,

an ECG parameter,

a heart function parameter,

a neurological parameter,

a blood pressure parameter, and

an EEG parameter.
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Also, in accordance with a preferred embodiment of the
present invention, there is provided a method further includ-
ing providing an indication of a status of the patient as being
within a normal range if at least one of the following require-
ments is fulfilled:

a) the blood pressure values are within the normal range,

b) the respiratory rate is normal,

¢) CO, run is less than or equal to 0.3 sec,

d) CO, slope is more than or equal to 100 mm Hg/sec,

e) SPO, is greater or equal to than 95%, and

1) ETCO, is less than or equal to 45 mm Hg.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
providing the indication of the patient’s status being within
the normal range if all of the following requirements are
fulfilled:

a) the blood pressure values are within the normal range,

b) the respiratory rate is normal,

¢) CO, run is less than or equal to 0.3 sec,

d) CO, slope is more than or equal to 100 mm Hg/sec,

e) SPO, is greater or equal to than 95%, and

) ETCO, is less than or equal to 45 mm Hg.

Furthermore, in accordance with a preferred embodiment
ofthe present invention, there is provided a method including:

diagnosing a presence of the at least one medical condition
by a medical condition diagnosis functionality, and

indicating a degree of severity of the at least one medical
condition by a medical condition severity indication func-
tionality

Yet further, in accordance with a preferred embodiment of
the present invention, there is provided a method including
providing an indication of the patient’s status being outside
the normal range if any of the requirements are not fulfilled.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein includ-
ing indicating the degree of severity ofthe at least one medical
condition responsive to a degree of deviation from of any of
the requirements.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
diagnosing the presence of the at least one medical condition
includes diagnosing a respiratory disorder.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
diagnosing the respiratory disorder includes providing a diag-
nosis of a severity of the respiratory disorder responsive to a
quantitative measure of deviation from at least one of the
requirements.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein the
respiratory disorder includes at least one of:

arestrictive lung disease,

bronchospasm,

asthma,

bronchitis,

emphysema,

a respiratory failure,

fibrosis, and

an upper airway obstructive disease.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
indicating the degree of severity includes providing a diag-
nosis of the restrictive lung disease responsive to at least one
of the following cases:

the run is greater than 0.3 sec, or

the slope is less than 100 mm Hg/sec.
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Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein indi-
cating the degree of severity includes providing a diagnosis of
the obstructive lung disease responsive to at least one of the
following cases:

the run is less than or equal to 0.3 sec, or

the slope is more than or equal to 100 mm Hg/sec.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein pro-
viding the indication includes providing a diagnosis of'a heart
disorder responsive to any of the requirements not being
fulfilled.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method including
providing a diagnosis of a heart failure if the following con-
ditions are fulfilled:

CAP-FEV1 is less than or equal to a 40:10 point ratio,

a normal CAP-FEVI/FVC ratio,

CO, run is less than or equal to 0.3 sec, and

CO, slope is more than or equal to 100 mm Hg/sec.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein pro-
viding an indication includes providing a diagnosis ofa sever-
ity of the heart disorder.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
providing an output indication includes providing a plurality
of output indications.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein pro-
viding a plurality of output indications includes providing at
least one recommendation to perform at least one of the
following treatments:

intubation of the patient,

hospitalization of the patient,

treat the patient with medication, and

transfer of the patient to an intensive care unit.

Typically the visual parameter includes a visual appear-
ance of the patient. Generally the breathing parameter
includes at least one of:

a respiratory rate of the patient,

an FEV value, and

an FVC value.

Normally, the oxygen parameter includes at least one of:

PO,, and

SPO,.

Generally, the ECG parameter includes at least one of:

a QRS parameter, and

an ST segment.

Preferably, the heart function parameter includes a heart
rate parameter.

Typically, the neurological function parameter includes a
reflex parameter.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein the
blood pressure parameter includes at least one of:

a blood pressure measurement, and

a systolic:diastolic ratio.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a method including
providing the output indication responsive to a pattern of
changes in the at least one medical parameter over time.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein the
output indication is responsive to a pattern of changes in the
at least two medical parameters over time.
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Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method providing
the output indication responsive to a pattern of changes in the
plurality of medical parameters over time.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method including pro-
viding an output indication responsive to a pattern of changes
in the degree of severity of the at least one medical condition
over time.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a method including pro-
viding a treatment recommendation by means of a treatment
recommendation functionality.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein pro-
viding the treatment recommendation is responsive to a pat-
tern of changes of at least one medical parameter over time.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
providing the treatment recommendation is responsive to the
location of the patient.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
the pattern of changes includes a change in at least one of the
following:

achange in a run,

achange in an ETCO,,

a change in a slope,

achange in an angle of rise of CO,, and

a change in an SPO,.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein pro-
viding the treatment recommendation is responsive to a pat-
tern of changes in the degree of severity of the at least one
medical condition over time.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
providing the treatment recommendation includes providing
an alert if at least one of the following conditions is fulfilled:

achange in the run of more than 0.1 s,

achange in the slope is more negative than - 15 mm Hg/sec,
and

a change in the SPO, is more negative than -5%.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein pro-
viding the treatment recommendation includes providing a
recommendation for at least one of the following treatments:

intubation of the patient,

hospitalization of the patient,

treat the patient with intravenous medication, and

transfer of the patient to an intensive care unit.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
providing the treatment includes providing a recommenda-
tion to perform at least one of:

continue monitoring the patient, and

continue treating the patient,

provided at least one of the following conditions is ful-
filled:

achange in the run is less negative or equal to 0.1 s but less
positive or equal to 0.1 s,

a change in the slope is less negative or equal to -15,
Hg/sec, but less positive or equal to +15 mm Hg/sec, and

a change in the SPO, is less negative or equal to -5%, but
less positive or equal to +5%.
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Further, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein pro-
viding the treatment includes at least one of the following:

providing a message indicative of an improvement in the
patient’s status, and

recommending discontinuing a treatment procedure, if at
least one of the following conditions is fulfilled:

a change in the run is more negative than -0.1 s,

achange in the slope is more positive than +15 mm Hg/sec,
and

a change in the SPO, is more positive than 5%.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein pro-
viding the treatment includes providing a recommendation to
continue monitoring the patient responsive to the pattern of
changes indicating at least one of:

a deterioration in the status of the patient, and,

a non-significant change in the status of the patient.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
providing the treatment includes providing a recommenda-
tion to stop monitoring the patient responsive to the pattern of
changes indicating an improvement in the status of the
patient.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method including pro-
viding at least one of the following treatments to the patient:

intubation of the patient,

hospitalization of the patient,

treat the patient with medication, and

transfer of the patient to an intensive care unit.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
controlling the provision of at least one treatment includes
responding to a pattern of changes in the degree of severity of
the at least one medical condition over time.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein the
treatment control functionality is additionally responds to
information regarding other treatment received by the patient.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein the at
least one medical parameter includes a plurality of param-
eters.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
the at least two medical parameters include a plurality of
parameters.

Further, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein the
plurality of medical parameters includes at least two of CO,,
ECG, SPO,, PO,, NIBP and spirometry parameters.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein the
output indication relating to the degree of severity of the at
least one medical condition is determined at least partially by
changes in the at least one medical parameter.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided a method including
conveying the outputindication to a remote location by means
of a transmitter functionality.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method including con-
veying the plurality of output indications to a remote location
by means of a transmitter functionality.

Also, in accordance with a preferred embodiment of the
present invention, there is provided a method wherein the
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treatment control functionality controls the provision of the at
least one treatment to a patient in response to changes in the
output indication over time.

Also, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport methodology wherein interpreting the at least one
medical parameter includes:

diagnosing the presence of at least one medical condition
by means of a medical condition diagnosis functionality, and

indicating the degree of severity of the at least one medical
condition by means of a medical condition severity function-
ality.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport methodology including providing an out-
putindication responsive to a pattern of changes in the at least
one medical parameter over time by means of the medical
parameter interpretation functionality.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport methodology including providing an out-
putindication responsive to a pattern of changes in the degree
of severity of the at least one medical condition over time.

Also, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport methodology including providing a treatment rec-
ommendation by means of a treatment recommendation func-
tionality.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport methodology wherein the treatment recom-
mendation functionality is responsive to a pattern of changes
in the at least one medical parameter over time.

Also, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport methodology wherein the treatment recommenda-
tion functionality is responsive to a pattern of changes in the
degree of severity of the at least one medical condition over
time.

Further, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport methodology wherein the treatment recommenda-
tion functionality is additionally responsive to information
regarding other treatment received by the patient.

Also, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport methodology wherein including treatment control
functionality for controlling the provision of at least one
treatment to the patient.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport methodology wherein the treatment control
functionality is responsive to a pattern of changes in the at
least one medical parameter over time.

Also, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport methodology wherein the treatment control func-
tionality is responsive to a pattern of changes in the degree of
severity of the at least one medical condition over time.

Furthermore, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport methodology wherein the treatment control
functionality is additionally responsive to information
regarding other treatment received by the patient.

Also, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
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transport methodology wherein the at least one medical
parameter includes a plurality of medical parameters.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport methodology wherein the plurality of
medical parameters includes at least two of CO,, ECG, SPO,,
PO,, NIBP, EEG and spirometry parameters.

Further, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport methodology wherein the output indication relating
to a degree of severity of at least one medical condition is
determined at least partially by changes in at least one medi-
cal parameter.

Yet further, in accordance with a preferred embodiment of
the present invention, there is provided an emergency medical
transport methodology including a transmitter functionality
for conveying the output indication to a remote location.

Also, in accordance with a preferred embodiment of the
present invention, there is provided an emergency medical
transport methodology wherein the treatment control func-
tionality controls the provision of the at least one treatment to
a patient in response to changes in the output indication over
time.

Additionally, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport methodology wherein the treatment control
functionality controls the provision of the at least one treat-
ment to a patient in response to the location of the patient.

1. BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated
more fully from the following detailed description, taken in
conjunction with the drawings in which:

FIGS. 1A, 1B and 1C are simplified pictorial illustrations
showing a medical care system and methodology employing
at least one parameter relating at least to respiration for auto-
matically providing an output indication relating to at least
one medical condition in accordance with a preferred
embodiment of the present invention in three different types
of care environments;

FIG. 2 is a flowchart illustrating operation of the embodi-
ments of FIGS. 1A-1C;

FIG. 3 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology in
an on-scene environment for detecting the presence and
severity of bronchospasm, gauging the response to treatment
and recommending disposition of a spontaneously breathing
patient;

FIG. 4 is a flowchart illustrating operation of the embodi-
ment of FIG. 3;

FIG. 5 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology in
an on-scene environment for detecting the presence and
severity of bronchospasm, gauging the response to treatment
and recommending disposition of mechanically ventilated
patients;

FIGS. 6A and 6B are flowcharts illustrating operation of
the embodiment of FIG. 5;

FIG. 7 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology in
an ambulance environment for detecting the presence and
severity of bronchospasm, gauging the response to treatment
and recommending disposition of spontaneously breathing
patients;

FIGS. 8A and 8B are flowcharts illustrating operation of
the embodiment of FIG. 7,
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FIG. 9 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology in
an ambulance environment for detecting the presence and
severity of bronchospasm, gauging the response to treatment
and recommending disposition of mechanically ventilated
patients;

FIGS. 10A, 10B and 10C are a flowcharts illustrating
operation of the embodiment of FIG. 9;

FIG. 11 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology in
an ambulance environment for detecting the severity of bron-
chospasm, gauging the response to treatment and recom-
mending disposition of spontaneously breathing patients;

FIG. 12 is a flowchart illustrating operation of the embodi-
ment of FIG. 11;

FIG. 13 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology in
an ambulance environment for detecting the presence and
severity of bronchospasm, gauging the response to treatment
and recommending disposition of mechanically ventilated
patients;

FIGS. 14A and 14B are flowcharts illustrating operation of
the embodiment of FIG. 13;

FIG. 15 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for distinguishing
between heart failure and emphysema, where emphysema is
present;

FIGS.16A and 16B are flowcharts illustrating operation of
the embodiment of FIG. 15;

FIG. 17 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for monitoring intubation
status of a patient;

FIG. 18 is a flowchart illustrating operation of the embodi-
ment of FIG. 17,

FIG. 19 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for monitoring respira-
tory status of a patient in a first clinical scenario;

FIG. 20 is a flowchart illustrating operation of the embodi-
ment of FIG. 19;

FIGS. 21A and 21B are simplified pictorial illustrations of
an automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for moni-
toring intubation status of a patient in a second clinical sce-
nario;

FIGS.22A, 22B and 22C are flowcharts illustrating opera-
tion of the embodiment of FIGS. 21A and 21B;

FIGS. 23 A and 23B are simplified pictorial illustrations of
a diagnostic and treatment system and methodology opera-
tive in a physician’s office environment for detecting the
presence and severity of bronchospasm, gauging the response
to treatment and recommending disposition of a spontane-
ously breathing patient in a first clinical scenario;

FIGS. 24 A and 24B are flowcharts illustrating operation of
the embodiment of FIGS. 23A and 23B;

FIGS. 25A and 25B are simplified pictorial illustrations of
an automatic medical diagnostic and treatment system and
methodology operative in a physician’s office environment
for detecting the presence and severity of bronchospasm,
gauging the response to treatment and recommending dispo-
sition of a spontaneously breathing patient in a second clini-
cal scenario;

FIGS.26A and 26B are flowcharts illustrating operation of
the embodiment of FIGS. 25A and 25B,

15

20

25

30

35

40

45

50

60

65

28

FIGS. 27A and 27B are simplified pictorial illustrations of
an automatic medical diagnostic and treatment system and
methodology in an ambulance environment for detecting the
presence and severity of bronchospasm from an allergic reac-
tion, gauging the response to treatment and recommending
disposition;

FIG. 28 is a flowchart illustrating operation of the embodi-
ment of FIGS. 27A and 27B;

FIG. 29 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology in
an ambulance environment for distinguishing between upper
airway obstruction and lower airway obstruction, gauging the
response to treatment and recommending disposition;

FIG. 30 is a flowchart illustrating operation of the embodi-
ment of FIG. 29,

FIG. 31 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for distinguishing
between heart failure and emphysema in a scenario in which
heart failure is present;

FIGS. 32A and 32B are flowcharts illustrating operation of
the embodiment of FIG. 31;

FIG. 33 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for treating pulmonary
edema;

FIGS. 34 A and 34B are flowcharts illustrating operation of
the embodiment of FIG. 33;

FIG. 35 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for anesthesia monitor-
ing;

FIG. 36 is a flowchart illustrating operation of the embodi-
ment of FIG. 35;

FIG. 37 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for diagnosis and treat-
ment of pulmonary embolism;

FIG. 38 is a flowchart illustrating operation of the embodi-
ment of FIG. 37,

FIGS. 39A and 39B are simplified pictorial illustrations of
an automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for deter-
mination of correct nasogastric tube placement;

FIG. 40 is a flowchart illustrating operation of the embodi-
ment of FIGS. 39A and 39B;

FIG. 41 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for diagnosis and treat-
ment of myocardial infarction;

FIG. 42 is a flowchart illustrating operation of the embodi-
ment of FIG. 41;

FIG. 43 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for diagnosis and treat-
ment of cardiogenic shock;

FIG. 44 is a flowchart illustrating operation of the embodi-
ment of FIG. 43;

FIG. 45 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for diagnosis and treat-
ment of cardiac arrest;

FIG. 46 is a flowchart illustrating operation of the embodi-
ment of FIG. 45;
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FIG. 47 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for diagnosis and treat-
ment of cardiac ischemia;

FIG. 48 is a flowchart illustrating operation of the embodi-
ment of FIG. 47,

FIG. 49 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for monitoring sedation;
and

FIG. 50 is a flowchart illustrating operation of the embodi-
ment of FIG. 49;

FIG. 51 is a simplified pictorial illustration of an automatic
medical diagnostic and treatment system and methodology
operative in a hospital environment for drug titration during
sedation; and

FIG. 52 is a flowchart illustrating operation of the embodi-
ment of FIG. 51.

2. DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Reference is now made to FIGS. 1A, 1B and 1C, which are
simplified pictorial illustrations showing a medical care sys-
tem and methodology employing at least one parameter relat-
ing at least to respiration for automatically providing an out-
put indication relating to at least one medical condition in
accordance with a preferred embodiment of the present
invention in three different types of care environments.

Turning to FIG. 1A, it is seen that in an out of hospital
environment, such as a doctor’s office or other ambulatory
care facility, various patient physiologic activities are sensed
and measured, including respiratory physiologic activities,
preferably via an oral airway adapter and/or a nasal or nasal/
oral cannula 100, such as a Model Nasal FilterLine Adult XS
04461,0,/CO, Nasal FilterLine Adult 007141, or Smart Cap-
noLine Adult (Oral/nasal FilterLine) 007414, commercially
available from Oridion Ltd., of Jerusalem Israel, typically
coupled with a capnograph 102, such as a Microcap®, com-
mercially available from Oridion Ltd., of Jerusalem Israel.
Other patient physiologic activities relating to cardiac func-
tion (e.g. electrocardiogram (ECQ)), cerebral perfusion (e.g.
CEREBRAL OXIMETRY), oxygenation (e.g. pulse oxim-
etry) and systemic circulation (e.g. . . . blood pressure
(NIBP)), may also be sensed and measured by suitable instru-
mentation 104.

The outputs of the capnograph 102 and possibly of addi-
tional instrumentation 104 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 110, which typically analyzes the respiration parameter
output of the capnograph 102, and also typically has an asso-
ciated display 112, the display being at least one of a visual
display, such as a computer screen, a virtual display, or a
printed form of a display. Optionally further physiologic
activities are outputted from capnograph 102 and instrumen-
tation 104, and provided as outputs via computer 110 and
display 112, which preferably contain diagnostic statements,
which preferably characterize the type and severity of a medi-
cal condition, as well as treatment recommendations.

Turning to FIG. 1B, it is seen that in an ambulance envi-
ronment, various patient physiologic activities are sensed and
measured, including respiratory physiologic activities, pref-
erably via an oral airway adapter and/or a nasal or nasal/oral
cannula 100, such as a such as a Nasal FilterLine Adult XS
04461,0,/CO, Nasal FilterLine Adult 007141, or Smart Cap-
noLine Adult (Oral/nasal FilterLine) 007414, commercially
available from Oridion Ltd., of Jerusalem Israel, typically
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coupled with a capnograph 113, such as a Microcap®, com-
mercially available from Oridion Ltd., of Jerusalem Israel.
Other patient physiologic activities relating to cardiac func-
tion (e.g. ECG), cerebral perfusion (e.g. CEREBRAL OXIM-
ETRY), oxygenation (e.g. pulse oximetry) and systemic citr-
culation (e.g. NIBP), may also be sensed and measured by
stitable instrumentation 114.

The outputs of the capnograph 113 and possibly of addi-
tional instrumentation 114 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 116, having an associated display 118, which typically
analyzes the respiration parameter output of the capnograph
113 and possibly other parameters and provides an output
which preferably contains diagnostic statements, which pref-
erably characterize the type and severity of a medical condi-
tion, as well as treatment recommendations.

Preferably some or all of the outputs of computer 116 are
transmitted in a wireless manner by a transmitter 119, such as
via radio or a cellular telephone link, preferably to a dispatch
center or patient receiving facility.

Turning to FIG. 1C, it is seen that in a hospital environ-
ment, such as an emergency department, medical ward or
intensive care unit (ICU), various patient physiologic activi-
ties are sensed and measured, including respiratory physi-
ologic activities, preferably via an oral airway adapter and/or
a nasal or nasal/oral cannula 120, such as a Nasal FilterLine
Adult XS 04461, O,/CO, Nasal FilterLine Adult 007141, or
Smart CapnoLine Adult (Oral/nasal FilterLine) 007414,
commercially available from Oridion Ltd., of Jerusalem
Israel, typically coupled with a capnograph 122, such as a
Microcap®, commercially available from Oridion Ltd., of
Jerusalem Israel. Other patient physiologic activities relating
to cardiac function (e.g. ECG), cerebral perfusion (e.g.
CEREBRAL OXIMETRY), oxygenation (e.g. pulse oxim-
etry) and systemic circulation (e.g. NIBP), may also be
sensed and measured by suitable instrumentation 124.

The outputs of the capnograph 122 and possibly of addi-
tional instrumentation 124 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 126 at the patient’s bedside and/or at a central
monitoring station, having an associated display 128, which
typically continuously analyzes the respiration parameter
output of the capnograph 122 and possibly other parameters
and provides an output which preferably contains diagnostic
statements, which preferably characterize the type and sever-
ity of a medical condition, as well as treatment recommenda-
tions.

Reference is now made to FIG. 2, which is a flowchart
illustrating operation of the embodiments of FIGS. 1A-1C.

In a sensing stage, the patient’s physiologic activity pref-
erably is monitored by collecting an expired air sample via
cannula 100, and conveying the sample to an analyzer, inte-
grally part of a capnograph, such as capnograph 102 (FIG.
1A), 113 (FIG. 1B), and 122 (FIG. 1C). Simultaneously,
some of the patient’s other physiological parameters may be
sensed, sampled and monitored employing suitable instru-
mentation 104 (FIG. 1A), 114 (FIG. 1B), and 124 (FIG. 1C).
These parameters include, but are not limited to, cardiac
activity, ventilation and systemic and cerebral perfusion, and
oxygenation parameters.

Data including the parameters monitored and sampled by,
for example, instrumentation 104 are relayed to computer
110. The measured patient parameters are analyzed by com-
puter 110 and advisory statements, preferably including at
least one of diagnostic statements as to the character and
severity of a medical condition and therapeutic recommen-
dations may be displayed on a display 112, or transmitted to
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a remote location. Changes in the measured patient param-
eters are recorded over time by computer 110 and the result-
ing trends may be displayed on display 112 or transmitted.
The trends may also be employed for generating trend based
advisory statements, preferably including at least one of diag-
nostic statements as to the character and severity of a medical
condition and therapeutic recommendations.

Typically, the exhaled carbon dioxide of the patient is
measured continuously over thirty seconds by capnograph
102. Additionally or alternatively, patient may be measured
for shorter or longer durations. The end tidal value of the
exhaled carbon dioxide (ETCQ,) profile is digitized as a
waveform and may be stored for analysis in the memory of
suitably programmed automatic diagnostic and treatment
computer 110. Additionally or alternatively, the waveform
may be stored and analyzed by other means,

Thereafter, in an analyzing stage, the measured patient
parameters, such as the limits of inspiration and expiration are
delineated and/or marked on computer 110. The initial slope
in the increase of the exhaled carbon dioxide concentration up
to 80% of the maximum (henceforth designated as “slope™)
and angle of rise up to 80% of the maximum carbon dioxide
exhaled are measured.

In a rule application step. the following rules defining the
patient status preferably are applied by computer 110, for
example, to the CO, profile measured by capnograph 102:

If:

a) the time duration to reach 80% of the maximum CO,
concentration (designated henceforth as “run” or “CO, run™)
is greater than 0.3 seconds; and,

b) the slope of the increase in concentration of CO, is less
than 100 mm

Hg/sec (designated henceforth as “slope” or “CO, slope™);

then: an alert signal such as “ALERT: BRONCHOSPASM
PRESENT” or “ALERT: ASTHMA PATIENT” is displayed
on display 112 associated with computer 110.

If the patient is an asthma patient according to the defini-
tion of the previous step, then the patient receives the appro-
priate treatment. Thereafter, a second set of exhaled carbon
dioxide profile measurements are taken by capnograph 102,
and the differences between the initial measurements and
these second set of measurements are computed by computer
110. The following decision rule is preferably applied:

If:

a) the difference in the run is less than 0.1 sec; and

b) the difference in the slope is less than +15 mm Hg/sec;

then,

a message is displayed on display 112 such as “ADMIT
PATIENT TO HOSPITAL”. Additionally or alternatively,
further tests may be performed for checking the severity of
the patient’s condition as are described hereinbelow.

If the patient is not yet in hospital, as is portrayed in FIGS.
1A and B, then a typical message is “ADMIT TO HOSPI-
TAL”. Whereas, if the patient is already in the hospital envi-
ronment (FIG. 1C), a typical message is “PATIENT
REQUIRES URGENT TREATMENT BY PHYSICIAN.
Additionally or alternatively, further tests may be performed
for checking the severity of the patient’s condition as are
described hereinbelow.

If the values of the difference in the run and the difference
in the slope are beyond those of the decision rule, then another
message may be displayed such as “PATIENT IMPROV-
ING” on display 112.

Reference is now made to FIG. 3, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology in an on-scene environ-
ment for detecting the presence and severity of broncho-
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spasm, gauging the response to treatment and recommending
disposition of the patient. As seen in FIG. 3, in an on scene
environment, such as at a patient’s home, after a patient calls
EMS after having sensed shortness of breath, various patient
physiologic activities are sensed and measured, including
respiratory physiologic activities, preferably via an oral air-
way adapter and/or a nasal or nasal/oral cannula 130, such as
a Model Nasal FilterLine Adult XS 04461, O,/CO, Nasal
FilterLine Adult 007141, or Smart CapnoLine Adult (Oral/
nasal FilterLine) 007414, commercially available from
Oridion Ltd., of Jerusalem Israel, typically coupled with a
capnograph 132, such as a Microcap®, commercially avail-
able from Oridion Ltd., of Jerusalem Israel. Other patient
physiologic activities relating to cardiac function (e.g. ECG),
systemic oxygenation (e.g. pulse oximetry), cerebral oxygen-
ation (e.g. cerebral oximetry) and systemic circulation (e.g.
NIBP), typically sensed by means of chest electrodes 134, a
finger sensor 136, a forehead/scalp sensor 138, cannula 130
and a blood pressure cuff (sphygmomanometer) 140 respec-
tively, may also be sensed and measured by suitable instru-
mentation 154.

The outputs of the capnograph 132 and preferably of addi-
tional instrumentation 154 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 144, having an associated display 146, which typically
analyzes the respiration parameter output of the capnograph
132, and preferably other physiologic activities and provides
an output which preferably contains a diagnostic statement,
here  “ALERT: MODERATE  BRONCHOSPASM
PRESENT”. The severity of the patient’s condition is defined
by measured parameters as described hereinbelow.

The patient is preferably given breathing treatment, such as
a beta agonist nebulizer treatment and following such treat-
ment and/or in the course thereof, the physiologic activities of
the patient continue to be monitored. This monitoring is
employed by computer 160 to indicate the response to the
breathing treatment and the current status of the broncho-
spasm condition. The patient is then transferred to an ambu-
lance.

Reference is now made additionally to FIG. 4, which illus-
trates the operation of the system and methodology of the
system of the present invention in the context of FIG. 3. The
patient previously attached to a multi-parameter monitor
including a capnograph 132 and suitable instrumentation
154, by means of cannula 130 and preferably also by means of
chest electrodes 134, finger sensor 136, forehead sensor 138
and blood pressure cuff 140, is monitored continuously for at
least thirty seconds. Neurological status of the patient is
acquired by any suitable technique, including visual and elec-
troencephalograph (EEG) monitoring. Values of CO, concen-
tration, ECG, NIBP and the SPO, (the percent saturation of
the hemoglobin molecule with oxygen) in units of % satura-
tion (designated as % SAT herein), are continuously moni-
tored, and carbon dioxide waveforms are preferably digitized
as a capnogram 169 and together with other waveforms are
stored in computer 144.

At least one expired air sample is collected and conveyed
for analysis by capnograph 132. The following gold standards
of base pulmonary function measures are as follows: FEV1 is
defined as the Forced Expiratory Volume over 1 second, and
is a measure of flow. FVC is the Forced Vital Capacity and is
ameasure of volume. The character ratio is FEV1/FVC. This
is the ratio of flow to volume: markedly less than 1 in bron-
chospasm and close to a value of 1 in patients of normal status
and those with restrictive disease.
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Severity of a pulmonary disease may preferably be defined
by FEV1: Reduced flow and/or volume over the first second,
as compared to normal. This applies to both obstructive and
restrictive disorders.

Forced expiratory volume (FEV) values are preferably
determined employing a correlation from at least one capno-
graphic measurement, and are denoted hereinas CAP-FEY or
CAP-FEV1 (measured over one second). The severity criteria
is assessed from the capnogram using a measure that we refer
to as Cap-FEV1, to emphasize it’s relation to the gold-stan-
dard FEV1 and it’s derivation from the Capnogram. The area
under capnogram 169 is measured over the first second. This,
the CAP-FEV1 is computed as (SUM [CQ,] (First second))
or, at 40 Hz device sampling rate, (SUM (n=0:40). [CO,|n).
The units are “% of expected value”, or “%”. Additionally or
alternatively, the CAP-FEV1 may be determined by standard
spirometry techniques known in the art-as is FEV 1.

The capnographic analysis preferably includes molecular
correlation spectroscopy (MSC), but may also be performed
employing infrared analysis. The outputs of the capnograph
132 and possibly of additional instrumentation 154 are pref-
erably supplied to suitably programmed automatic diagnostic
and treatment computer 144, having associated display 146,
which typically analyzes the respiration parameter output of
the capnograph 132.

In an analyzing step, computer 144 marks the onset and
offset limits of a capnogram 169, pulse waveforms, and the
QRS complex (of the ECG). The actual parameters measured
include, but are not limited to heart rate (HR), BP, the systolic
to diastolic ratio (SYS/DIA). SPO,, AND ETCO,. The slope
of CO, (mm Hg/sec), and CO, “run”, of the capnogram 132,
measured to 80% of maximum CO, concentration, are calcu-
lated by computer 144.

Following each treatment, computer 144 computes the dif-
ferences between consecutive measurements of the various
patient parameters. Thereafter, in a diagnostic rule applica-
tion step, the following diagnostic rules are preferably
applied to the measured parameters by computer 144:

1. 1f:

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal;

¢) CO, run is less than or equal to 0.3 sec;

d) CO, slope is more than or equal to 100 mm Hg/sec;

e) SPO, is greater or equal to than 95% SAT; and

) ETCQ, is less than or equal to 0.45 mm Hg;

then,

display 146 shows the message “VITAL SIGNS WITHIN
NORMAL LIMITS.”

2) In contrast, if:

a) CO, run is greater than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

¢) SPO, is more than or equal to 91% SAT but less than
95% SAT; and

d) ETCO, is less than 45 mm Hg;

then,

the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 146;

3) If the parameters measured are yet further removed from
the acceptable range, such as if:

a) CAP-FEV1 (forced expiratory volume in one second) is
less than 50%;

b) SPO, is less than 92% SAT; and

¢) ETCO, (end tidal value ofthe exhaled carbon dioxide) is
greater than 45 mm Hg;

then,

a message such as “SEVERE BRONCHOSPASM
PRESENT” is displayed on display 146.
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Tt should be understood from this example that the severity
of the a respiratory disorder, whether restrictive or obstruc-
tive, may be determined by CAP-FEV1 measurements. The
use of the capnographic measurements for diagnosis of
whether the respiratory disorder is restrictive or obstructive is
described in FIG. 30 hereinbelow. Similarly, the ratio CAP-
FEV1/FVC (forced vital capacity) may be applied to diag-
nose whether the patient is suffering from a restrictive or
obstructive breathing disorder as is described hereinabove.

Reference is now made to F1G. 5, which is also a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology in an on-scene environ-
ment for detecting the presence and severity of broncho-
spasm, gauging the response to treatment and recommending
disposition of the patient. As seen in FIG. 5 and similarly to
that described hereinabove with reference to FIG. 3, in an on
scene environment, such as at a patient’s home, after a patient
calls EMS after having sensed shortness of breath, various
patient physiologic activities are sensed and measured,
including respiratory physiologic activities, preferably via an
oral airway adapter and/or a nasal or nasal/oral cannula 150,
such as a Model Nasal FilterLine Adult XS 04461, O,/CO,
Nasal FilterLine Adult 007141, or Smart CapnoLine Adult
(Oral/nasal FilterLine) 007414, commercially available from
Oridion Ltd., of Jerusalem Israel, typically coupled with a
capnograph 152, such as a Microcap®, commercially avail-
able from Oridion Ltd., of Jerusalem Israel. Other patient
physiologic activities relating to cardiac function (e.g. ECG),
systemic oxygenation (e.g. pulse oximetry), cerebral oxygen-
ation (e.g. cerebral oximetry) and systemic circulation (e.g.
NIBP), typically sensed by means of chest electrodes 154, a
finger sensor 156, a forehead/scalp sensor 158 and a blood
pressure cuff 160 respectively, and may also be sensed and
measured by suitable instrumentation 154.

The outputs of the capnograph 152 and preferably of addi-
tional instrumentation 154 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 160, having an associated display 162, which typically
analyzes the respiration parameter output of the capnograph
152 and preferably other physiologic activities and provides
an output which preferably contains a diagnostic statement,
here “ALERT: SEVERE BRONCHOSPASM PRESENT”.

The patient is given breathing treatment, such as a beta
agonist nebulizer treatment and following such treatment
and/or in the course thereof, the physiologic activities of the
patient continue to be monitored. This monitoring is
employed by computer 160 to indicate the response to the
breathing treatment and the current status of the broncho-
spasm condition. In the scenario of FIG. 3, the patient fails to
respond sufficiently to the breathing treatment and this is
indicated by a status statement, here “POOR RESPONSE TO
TREATMENT, CONDITION CRITICAL”. A treatment rec-
ommendation may also be provided, such as “CONSIDER
INTUBATION™.

Intubation is performed and correct intubation tube place-
ment is confirmed by continuing monitoring of the physi-
ologic activities of the patient. A status statement, here:
“ADEQUATE CO, WAVEFORM-TUBE IN TRACHEA”
and a treatment recommendation, here “SECURE TUBE”
appear.

The patient is then transferred to an ambulance. While the
physiologic activities of the patient continue to be monitored
and serve to confirm continued proper placement of the intu-
bation tube in the trachea. A status statement, here “TUBE IN
TRACHEA” appears. Typically, the position of the tube is
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continuously monitored by computer 160, and a status state-
ment “MONITORING TUBE POSITION” appears on dis-
play 162.

Reference is now made additionally to FIGS. 6A and 6B,
which illustrate the operation of the system and methodology
of the system of the present invention in the context of FIG. 5.
In a monitoring step, the patient, attached to a multi-param-
eter monitor including a capnograph 152 and instrumentation
154, by means of cannula 150 and preferably also by means of
chest electrodes 164, finger sensor 166 forchead/scalp sensor
158 and blood pressure cuff 168, is monitored. Neurological
status of the patient is acquired by any suitable technique.

Atleastone expired air sampleis collected and conveyed to
capnograph 152. Further measurements of ECG and blood
pressure are monitored by standard techniques, employing
chest electrodes 164 and blood pressure cuff 168 respectively.
The actual parameters measured include, but are not limited
to heart rate, blood pressure ETCO, and SPO, (SYS/DIA).
SPO,, NIBP, and cerebral oximetry values, and these param-
eters are measured and/or determined continuously by tech-
niques as detailed hereinabove. These parameter values are
typically digitized as waveforms and are further stored for
analysis by computer 160.

In an analyzing step, the onset and offset limits of capno-
graph 152, pulse waveforms, and the QRS complex (ECG)
measured by additional instrumentation 154, are delineated
and marked by computer 160. The limits of the capnogram,
the pulse waveform and QRS onset and offset are determined
and recorded in computer 160. The slope of the capnogram
(mm Hg/sec), and the run and thereof is measured to 80% of
maximum CO, concentration are calculated by computer
160.

Thereafter, ina diagnostic rule application step, the follow-
ing diagnostic rules are applied to the measured parameters
by computer 160:

L if:

a) the blood pressure values are within the normal range;

b) respiratory rate is normal;

¢) CO, run is less than or equal to 0.3 sec;

d) CO, slope is more than or equal to 100 mm Hg/sec;

e) SPO, is greater than or equal to 95% SAT; and

) ETCO, is less than or equal to 45 mm Hg;

then,

computer 160 displays a message “NO BRONCHO-
SPASM PRESENT” on display 162.

2) In contrast, if:

a) CO, run is greater than 0.3 see;

b) CO, slope is less than 100 mm Hg/sec;

¢) SPO, is more than or equal to 91% SAT, but less than
95% SAT; and

d) ETCO, is less than 45 mm Hg;

then,

computer 160 provides the message “MODERATE
BRONCHOSPASM PRESENT” on display 162.

3) If the parameters measured are yet further removed from
the acceptable range, such as if:

a) CAP-FEV1 is less than 50%;

b) SPO, is more than or equal to 90% SAT, but is less than
91% SAT; and

¢) ETCO, is greater than 45 mm Hg, but less than or equal
to 60 mm Hg;

then,

computer 160 provides a message “SEVERE BRONCHO-
SPASM PRESENT” on display 162.

4. If the parameters measured are still yet further removed
from the acceptable range, such as if:
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a) SPQ, is less than 90% SAT;

b) the respiratory rate is less than 8 per minute;

¢) ETCO, is greater than 60 mm Hg; and

d) the neurological parameters are poor;

then,

computer 160 issues a message on display 162 stating
“RESPIRATORY FAILURE; CONDITION CRITICAL;
CONSIDER INTUBATION"™.

Subsequently, in an intubation stage, a standard intubation
procedure is followed, as is described hereinabove in FIG. 5.
Thereafter, an operator, typically a physician or paramedic,
confirms that the intubation monitoring mode has been acti-
vated, and the patient is monitored for a successful outcome
of the intubation. Thereafter, computer 160 displays a mes-
sage stating “MONITORING FOR INTUBTION” on display
162.

The next step entails a checking procedure, wherein the
ETCO, value is measured by capnograph 152.

The following checking rule is preferably applied.

HIE

a) the ETCO, value is more than 15;

then,

a display is provided by computer 160 stating “GOOD
WAVEFORM, TUBE IN TRACHEA, CONFIRM AND
SECURE TUBE” on display 162.

Thereafter, the ETCO, value is measured again by capno-
graph 152, and recorded by computer 160. The following
monitoring rules are preferably applied.

1).If:

a) the ETCO, value is more than 15 mm Hg;

then,

a message is displayed by computer 160 on display 162
stating “MONITORING TUBE IN POSITION: NO DIS-
LODGEMENT”

2) Whereas, if:

a) the ETCO, value is less than or equal to 15 mm Hg; or

b) there is a loss in the tracking of the waveform by cap-
nograph 152;

then,

a message is displayed by computer 160 stating “ALERT:
CHECK FOR TUBE DISLODGEMENT” on display 162.

Reference is now made FIG. 7, which is a simplified pic-
torial illustration of an automatic medical diagnostic and
treatment system and methodology in an ambulance environ-
ment for detecting the presence and severity of broncho-
spasm, gauging the response to treatment and recommending
disposition of spontaneously breathing patients. As seen in
FIG. 7, in an ambulance environment, various patient physi-
ologic activities are sensed and measured, including respira-
tory physiologic activities, preferably via an oral airway
adapter and/or a nasal or nasal/oral cannula 170, such as a
Model Nasal FilterLine Adult XS 04461, O,/CO, Nasal Fil-
terLine Adult 007141, or Smart Capnol.ine Adult (Oral/nasal
FilterLine) 007414, commercially available from Oridion
Ltd., of Jerusalem Israel, typically coupled with a capnograph
172, such as a Microcap®, commercially available from
Oridion Ltd., of Jerusalem Israel. Other patient physiologic
activities relating to cardiac function (e.g. ECG), systemic
oxygenation (e.g. pulse oximetry), cerebral oxygenation (e.g.
cerebral oximetry) and systemic circulation (e.g. NIBP), typi-
cally sensed by means of chest electrodes 174, a finger sensor
176, a forehead/scalp sensor 178 and a blood pressure cuff
180 respectively, may be received and analyzed by additional
instrumentation 182.

The outputs of the capnograph 172 and possibly of addi-
tional instrumentation 182 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
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puter 184, having an associated display 186, which typically
analyzes the respiration parameter output of the capnograph
172 and possibly other parameters and provides an output
which preferably contains a diagnostic statement, here
“ALERT: MODERATE BRONCHOSPASM PRESENT”. A
breathing treatment is administered after which a diagnostic
statement which indicates the patient status and the severity
of the respiratory condition is preferably presented, here
“GOOD RESPONSE TO TREATMENT, CONDITION
IMPROVING”. Additional breathing treatment is typically
administered after which a diagnostic statement which indi-
cates the current patient status and the severity of the respi-
ratory condition is preferably presented, here “NO BRON-
CHOSPASM PRESENT, CONDITION STABLE”.

Preferably, response to treatment statements as well as
disposition recommendations may be appended to patient
status statements, here “RAPID RESPONSE TO TREAT-
MENT, CONDITION REMAINS STABLE, DISCHARGE
TO HOME LIKELY™.

Preferably some or all of the outputs of computer 184 are
transmitted in a wireless manner by a transmitter 188, such as
via radio or a cellular telephone link, preferably to a dispatch
center or patient receiving facility.

Reference is now made additionally to FIGS. 8A and 8B,
which illustrate the operation of the system and methodology
of the system of the present invention in the context of FIG. 7.
In a monitoring step, the patient in an ambulance environ-
ment, attached to a multi-parameter monitor including cap-
nograph 172, by means of cannula 170 and preferably also by
means of chest electrodes 174, finger sensor 176, scalp/fore-
head sensor 178 and blood pressure cuff 178, is monitored
continuously. Neurological status of the patient is acquired by
any suitable technique. Values of the CO, concentration
monitored by capnograph 172, and ECG, NIBP, cerebral
oximetry and SPO, values, monitored by additional instru-
mentation 182 are supplied to computer 184, and are typically
measured continuously over a period of 30 seconds, by tech-
niques as detailed hereinabove. The parameter data may be
digitized as waveforms and are further stored for analysis by
computer 184. Thereafter, the limits of the capnogram, the
pulse waveform and QRS onset and offset are determined by
computer 184. The heart rate, blood pressure ETCO, and
SPO, values are measured. The initial slope of the capnogram
and the run, monitored by capnograph 172, are calculated by
computer 184. Additionally, neurological findings, moni-
tored by means of an EEG are inputted to computer 184.

In an analyzing step, the onset and offset limits of the
capnogram, pulse waveforms, and the QRS complex (ECG)
are marked by computer 184.

Following each treatment, the differences between con-
secutive measurements of the various patient parameters are
evaluated by computer 184. After each treatment, in a diag-
nostic rule application step, the following diagnostic rules are
preferably applied to the measured parameters by computer
184:

DIf:

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal,

¢) CO, run is less than or equal to 0.3 sec;

d) CO, slope is more than or equal to 100 mm Hg/sec;

e) SPO, is greater than or equal to 95% SAT; and

) ETCO, is less than or equal to 45 mm Hg;

then,

display 162 shows the message “NO BRONCHOSPASM
PRESENT”
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2) In contrast, if:

a) CO, run is greater than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

¢) SPO, is more than or equal to 91% SAT less than 95%
SAT; and

d) ETCO, is less than 45 mm Hg;

then,

the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 186.

3) If the parameters measured are yet further removed from
the acceptable range, such as if:

a) CAP-FEV1 is less than 50%;

b) SPO, is less than 92% SAT; and

¢) ETCO, is greater than 45 mm Hg;

then,

a message such as “SEVERE BRONCHOSPASM
PRESENT” is displayed on display 186.

The findings of the last stage are stored by computer 184
and/or transmitted to a dispatch/receiving center, typically
located at a hospital or medical center [ref. no]. A connection
is established with the dispatch/receiving center [ref. no], and
the data is forwarded thereto. A medical supervisor typically
watches display of the received data, and consequentially
transmits the recommended treatment and/or transport rec-
ommendations back to the ambulance.

After each time interval, the difference between consecu-
tive measures of each parameter are calculated by computer
184: Thereafter, the following monitoring rules are preferably
applied to the measured parameters by computer 184.

DHIE

a) the difference in the run values is greater than +0.1 sec;
and

b) the difference in the slope is more negative than —15 mm
Hg/sec;

then,

computer 184 displays on display 186 “BRONCHO-
SPASM WORSENING”.

2)If:

a) the difference in the run values is more negative than
-0.1 sec; and

b) the difference in the slope is more than +15 mm Hg/sec;

then,

computer 184 displays on display 186 “BRONCHO-
SPASM IMPROVING”.

3 I

a) the difference in the slope is more than or equal to -15
mm Hg/sec and less than or equal to +15 mm Hg/sec;

then,

computer 184 displays on display 186 “UNCHANGED”.

The change in patient’s vital functional activities, includ-
ing SPO, and ETCO,, over the time interval are calculated by
computer 184,

4 If:

a) the decrease in SPO, is more than —-5% SAT; or

b) the increase in the ETCO, is more than +5 mm Hg;

then,

computer 184 displays on display 186 “VITAL SIGNS
DETERIORATING.”

SIE

a) the increase in SPO, is greater than +5% SAT; or

b) the decrease in the ETCO, is less than -5 mm Hg;

then,

computer 184 displays on display 186 “VITAL SIGNS
IMPROVING”.

6) If:

a) the change in SPO, is greater than or equal to —5% SAT,
but less than or equal to +5%; or
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b) the change in the ETCO, is more than or equal to =5 mm
Hg, or less than or equal to +5 mm Hg;

then.

computer 184 displays on display 186 “VITAL SIGNS
UNCHANGED.”

Computer 184 preferably combines the results of these
monitoring rules to display an integrated display 186 such as
“BRONCHOSPASM  WORSENING; VITAL SIGNS
UNCHANGED.”

Thereafter, in a transmission stage, the connection with the
receiving center is maintained. The receiving center periodi-
cally receives updates of the patient’s condition, who is in the
ambulance en route to the hospital, in order to prepare in the
most fitting and efficient transfer of the patient upon arrival to
the hospital.

Following the transmission stage, the following exit rules
are preferably applied to the measured parameters by com-
puter 184:

DIf

a) the blood pressure values are within normal limits;

b) the respiratory rate is within normal limits;

¢) the value of the CO, run is less than 0.3 seconds; and

d) the CO, slope is greater than 100 mm Hg/sec;

then,

Computer 184 preferably displays on display 186 “NO
BRONCHOSPASM PRESENT™.

If the patient’s record complies with this exit rule, then a
copy of the patient’s record is handed off from computer 184
to the receiving center, for example, in the form of a chart.
Typically, the receiving center stores this chart, so that it may
be used as a baseline for continued monitoring of the patient.

Reference is now made to FIG. 9, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology in an ambulance environ-
ment for detecting the presence and severity of broncho-
spasm, gauging the response to treatment and recommending
disposition of mechanically ventilated patients. As seen in
FIG. 9 and similarly to that described hereinabove with ref-
erence to FIG. 5, in an ambulance environment various
patient physiologic activities are sensed and measured,
including respiratory physiologic activities, preferably via an
oral airway adapter and/or a nasal or nasal/oral cannula 200,
such as a Model Nasal FilterLine Adult XS 04461, O,/CO,
Nasal FilterLine Adult 007141, or Smart CapnoLine Adult
(Oral/nasal FilterLine) 007414, commercially available from
Oridion Ltd., of Jerusalem Israel, typically coupled with a
capnograph 202 such as a Microcap®, commercially avail-
able from Oridion Ltd., of Jerusalem Israel. Other patient
physiologic activities relating to cardiac function (e.g. ECG),
systemic oxygenation (e.g. pulse oximetry), cerebral oxygen-
ation (e.g. cerebral oximetry) and systemic circulation (e.g.
NIBP), typically sensed by means of chest electrodes 204, a
finger sensor 206, a forehead/scalp sensor 208 and a blood
pressure cuff 209 respectively. may also be sensed and mea-
sured by suitable instrumentation 210. Other patient physi-
ologic activities relating to cardiac function (e.g. ECG), cere-
bral perfusion (e.g. CEREBRAL OXIMETRY), oxygenation
(e.g. pulse oximetry) and systemic circulation (e.g. NIBP),
may also be sensed and measured by suitable instrumentation
212

The outputs of the capnograph 202 and preferably of addi-
tional instrumentation 212 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 214 having an associated display 216, which typically
analyzes the respiration parameter output of the capnograph
202 and preferably other physiologic activities and provides
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an output which preferably contains a diagnostic statement,
here “ALERT: SEVERE BRONCHOSPASM PRESENT”.

The patient is given breathing treatment, such as a beta
agonist nebulizer treatment and following such treatment
and/or in the course thereof, the physiologic activities of the
patient continue to be monitored. This monitoring is
employed by computer 214 to indicate the response to the
breathing treatment and the current status of the patient con-
dition. In the scenario of FIG. 9, the patient fails to respond
sufficiently to the breathing treatment and this is indicated by
a status change statement, here “POOR RESPONSE TO
TREATMENT, CONDITION WORSENING”. A treatment
recommendation may also be provided, suchas “CONSIDER
INTUBATION".

Intubation is performed and correct initial tube placement
is confirmed followed by continuous monitoring of the physi-
ologic activities of the patient, which indicate current tube
position. Where intubation is successful, a status statement,
here: “ADEQUATE CO2 WAVEFORM-TUBE IN TRA-
CHEA” and a treatment recommendation, here “SECURE
TUBE” appear. Where intubation is not successful, a status
statement, here: “NO C02 WAVEFORM-TUBE IN
ESOPHAGUS” and a treatment recommendation, here
“REINTUBATE” appear.

Following successful intubation, continuous monitoring
may provide a status statement such as “ADEQUATE CO2
WAVEFORM-TUBE IN TRACHEA-NO DISLOGE-
MENT” may appear. If tube dislodgment occurs at any time
following intubation-, a status statement appears, here “CO2
WAVEFORM ABSENT” preferably accompanied by a treat-
ment recommendation, here “CHECK FOR TUBE DIS-
LOGEMENT”.

Preferably some or all of the outputs of computer 214 are
transmitted in a wireless manner by a transmitter 218, such as
via radio or a cellular telephone link, preferably to a dispatch
center or patient receiving facility.

Reference is now made additionally to FIGS. 10A-10C,
which illustrate the operation of the system and methodology
of the system of the present invention in the context of FIG. 9.

In a monitoring step, the patient in an ambulance environ-
ment, attached to a multi-parameter monitor including cap-
nograph 202 and instrumentation 212, by means of cannula
200 and preferably also by means of chest electrodes 204,
finger sensor 206, scalp/forehead sensor 208 and blood pres-
sure cuff209, is monitored continuously. Neurological status
of the patient is acquired by any suitable technique. Values of
the CO, concentration monitored by capnograph 202, and
ECG, NIBP, cerebral oximetry and SPO, values, monitored
by additional instrumentation 212 are supplied to computer
214, and are typically measured continuously over a period of
30 seconds, by techniques as detailed hereinabove. The
parameter data may be digitized as waveforms and are further
stored for analysis by computer 214. Thereafter, the onset and
offset limits of the capnogram, the pulse waveform and QRS
onset and offset are determined by computer 214. The heart
rate, blood pressure ETCO, and SPQ, values are measured.
The initial slope of the capnogram and the run, monitored by
capnograph 202, are calculated by computer 214. Addition-
ally, neurological findings, monitored by means of an EEG
are inputted to computer 214.

Following each treatment, the differences between con-
secutive measurements of the various patient parameters are
evaluated by computer 214. After each treatment, in a diag-
nostic rule application step, the following diagnostic rules are
preferably applied to the measured parameters by computer
214:
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DIf,

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal,

¢) CO, run is less than or equal to 0.3 sec;

d) CO, slope is more than or equal to 100 mm Hg/sec;

e) SPO, is greater than or equal to 95% SAT; and

1) ETCQ, is less than or equal to 45 mm Hg;

then,

display 216 shows the message “NO BRONCHOSPASM
PRESENT”

2) In contrast, ift

a) CO, run is greater than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

¢) SPO, is more than or equal to 91% SAT but less than
95% SAT; and

d) ETCO, is less than 45 nm Hg;

then,

the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 216.

3) If the parameters measured are yet further removed from
the acceptable range, such as if:

a) CAP-FEV1 is less than 50%;

b) SPO, is less than 91% SAT; and ¢) ETCO, is greater than
45 mm Hg;

then,

a message such as “SEVERE BRONCHOSPASM
PRESENT” is preferably displayed on display 216.

The findings of the last stage are stored by computer 214
and/or transmitted to a dispatch/receiving center, typically
located at a hospital or medical center]. A connection is
established with the dispatch/receiving center, and the data is
forwarded thereto. A medical supervisor typically watches
display of the received data, and consequentially transmits
the recommended treatment and/or transport recommenda-
tions back to the ambulance.

After each time interval, the difference between consecu-
tive measures of each parameter are calculated by computer
214: Thereafter, the following monitoring rules are preferably
applied to the measured parameters by computer 214.

DI

a) the difference in the run values is greater than 0.1 sec;
and

b) the difference in the slope is more negative than =15 mm
Hg/sec;

then,

computer 214 displays on display 216 “BRONCHO-
SPASM WORSENING”.

2)If:

a) the difference in the run values is more negative than
-0.1 sec; and

b) the difference in the slope is more positive than +15 mm
Hg/sec;

then,

computer 214 displays on display 216 “BRONCHO-
SPASM IMPROVING”.

3 If:

a) the difference in the slope is more than or equal to =15
mm Hg/sec and less than or equal to +15 mm Hg/sec;

then,

computer 214 displays on display 216 “BRONCHO-
SPASM UNCHANGED”.

The change in patient’s vital functional activities, includ-
ing SPO, and ETCO,, over the time interval are calculated by
computer 214.
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4 If:

a) the decrease in SPO, is more negative than -5% SAT; or

b) the increase in the ETCO, is more positive than +5 mm
Hg;

then,

computer 214 displays on display 216 “VITAL SIGNS
DETERIORATING.”

5 It

a) the change in SPQ, is greater than +5% SAT; or

b) the change in the ETCO, is more negative than -5 mm
Hg;

then,

computer 214 displays on display 216 “VITAL SIGNS
IMPROVING”.

6) If:

a) the change in SPO, is greater than or equal to —5% SAT,
but less than or equal to +5% SAT; or

b) the change in the ETCO, is more than or equal to -5 mm
Hg, but less than or equal to +5 mm Hg;

then,

computer 214 displays on display 216 “VITAL SIGNS
UNCHANGED.”

Computer 214 preferably combines the results of these
monitoring rules to display an integrated display such as
“BRONCHOSPASM WORSENING; VITAL SIGNS
UNCHANGED.”

In a checking rule step, the following rule is preferably
applied:

1) A patient appears to be entering respiratory failure phase
if:

a) the SPO, is less than 90% SAT;

b) the respiratory rate is less than 8/min;

¢) ETCO, is greater than 60 mm Hg; and

d) the patient’s neurological symptoms are qualified as
being “bad”;

then,

computer 214 displays “RESPIRATORY FAILURE;
CONDITION CRITICAL; CONSIDER INTUBATION.” on
display 216.

Following this, in an alert data transmission stage, a high
priority update is transmitted via transmitter 218 from com-
puter 214 to notify the dispatch/receiving centers of the sig-
nificant deterioration and change in the patient’s condition.

Once these changes in the patient’s condition have been
confirmed by an operator, the patient is consequentially intu-
bated according to standard techniques and capnograph 202
is activated in intubation monitoring mode by computer 214.
Once the successful intubation of the patient is verified by
data comparison of the patient’s capnogram and standardized
capnograms for incubation in computer 214, the computer
displays “MONITORING FOR INTUBATION”.

Thereafter, the following check rule is preferably applied
to the patient’s capnogram:

1. If:

a) ETCO, is greater than 15 mm Hg;

then,

computer 214 displays “GOOD WAVEFORM, TUBE IN
TRACHEA. CONFIRM AND SECURE TUBE.”

In the next step, the following monitoring rules are prefer-
ably applied to the patient’s capnogram:

D IE

a) the value of ETCO, is greater than 15 mm Hg;

then,

computer 214 displays “MONITORING TUBE POSI-
TION: NO DISLODGEMENT” on display 216.
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) If:

a) the value of ETCO, is less than or equal to 15 mm Hg; or

b) there is a loss of the waveform;

then,

computer 214 displays “ALERT: CHECK FOR TUBE
DISLODGEMENT” on display 216.

Computer 214 transmits the data monitored via transmitter
218 to the receiving center. The receiving center periodically
receives updates of the patient’s condition, who is in the
ambulance en route to the hospital, in order to prepare in the
most fitting and efficient transfer of the patient upon arrival to
the hospital.

A copy of the patient’s record is handed off from computer
184 via transmitter 218 to the receiving center, for example, in
the form of a chart. Typically, the receiving center stores this
chart, so that it may be used as a baseline for continued
monitoring of the patient.

Reference is now made to FIG. 11, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology in a hospital environment,
such as a medical ward, emergency department or ICU, for
detecting the presence and indicating the severity of broncho-
spasm, gauging the response to treatment and recommending
treatment and disposition of spontaneously breathing
patients. As seen in FIG. 11, in a hospital environment, vari-
ous patient physiologic activities are sensed and measured,
including respiratory physiologic activities, preferably via an
oral airway adapter and/or a nasal or nasal/oral cannula 220,
such as a Model Nasal FilterLine Adult XS 04461, O,/CO,
Nasal FilterLine Adult 007141, or Smart CapnoLine Adult
(Oral/nasal FilterLine) 007414, commercially available from
Oridion Ltd., of Jerusalem Israel, typically coupled with a
capnograph 222, such as a Microcap®, commercially avail-
able from Oridion Ltd., of Jerusalem Israel. Other patient
physiologic activities relating to cardiac function (e.g. ECG),
systemic oxygenation (e.g. pulse oximetry), cerebral oxygen-
ation (e.g. cerebral oximetry) and systemic circulation (e.g.
NIBP), typically sensed by means of chest electrodes 224, a
finger sensor 226, a forehead/scalp sensor 228 and a blood
pressure cuff 230 respectively.

The outputs of the capnograph 222 and possibly of addi-
tional instrumentation 230 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 232, having an associated display 234 which typically
analyzes the respiration parameter output of the capnograph
222 and possibly other parameters and provides an output
which preferably contains a diagnostic statement, here
“ALERT: MODERATE BRONCHOSPASM PRESENT”. A
breathing treatment is administered after which a diagnostic
statement which indicates the patient status and the severity
of the respiratory condition is preferably presented, here
“GOOD RESPONSE TO TREATMENT, CONDITION
IMPROVING”. Additional breathing treatment is typically
administered after which a diagnostic statement which indi-
cates the current patient status and the severity of the respi-
ratory condition is preferably presented, here NO BRON-
CHOSPASM PRESENT, CONDITION STABLE”.

Preferably, response to treatment statements as well as
disposition recommendations may be appended to patient
status statements, here “RAPID RESPONSE TO TREAT-
MENT, CONDITION REMAINS STABLE, DISCHARGE
TO HOME LIKELY™.

Reference is now made additionally to FIG. 12, which
illustrates the operation of the system and methodology of the
system of the present invention in the context of FIG. 11. The
patient in the hospital environment, preferably attached to a
multi-parameter monitor including capnograph 222 and

10

15

20

25

30

35

40

45

50

55

60

65

44

instrumentation 230, by means of cannula 220 and preferably
also by means of chest electrodes 230, finger sensor 226,
scalp/forehead sensor 228 and blood pressure cuff 236, is
monitored continuously. The neurological status of the
patient is acquired by any suitable technique. Values of CO,
concentration, ECG, NIBP and SPO, are continuously mea-
sured, typically over a period of 30 seconds, and carbon
dioxide waveforms are preferably digitized as a capnogram
and other waveforms and stored.

The parameter data may be digitized as waveforms and are
further stored for analysis by computer 232. Thereafter, the
onset and offset limits of the capnogram, the pulse waveform
and QRS onset and offset are determined by computer 232.
The heart rate, blood pressure ETCO, and SPO, values are
measured. The initial slope of the capnogram and the run,
monitored by capnograph 222, are calculated by computer
232. Additionally, neurological findings, monitored by means
of an EEG are inputted to computer 232.

Following each treatment, the differences between con-
secutive measurements of the various patient parameters are
evaluated by computer 232. After each treatment, in a diag-
nostic rule application step, the following diagnostic rules are
preferably applied to the measured parameters by computer
234:

DIE

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal;

¢) CO, run is less than or equal to 0.3 sec;

d) CO, slope is more than or equal to 100 mm Hg/sec;

e) SPO, is greater than or equal to 95% SAT; and

f) ETCO, is less than or equal to 45 mm Hg;

then,

display 234 shows the message “VITAL SIGNS WITHIN
NORMAL LIMITS.”

2) In contrast, if:

a) CO, run is greater than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

¢) SPO, is more than or equal to 91% SAT, but less than
95% SAT; and

d) ETCO, is less than 45 mm Hg;

then,

the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 234.

3) If the parameters measured are yet further removed from
the acceptable range, such as if:

a) CAP-FEV1 is less than 50%;

b) SPO, is less than 92% SAT; and

¢) ETCO, is greater than 45 mm Hg;

then,

a message such as “SEVERE BRONCHOSPASM
PRESENT” is displayed on display 234.

The findings of the last stage are stored by computer 232
and/or transmitted to a dispatch/receiving center, typically
located at a hospital or medical center. A connection is estab-
lished with the dispatch/receiving center, and the data is for-
warded thereto. A medical supervisor typically watches dis-
play of the received data, and consequentially transmits the
recommended treatment and/or transport recommendations
back to the hospital.

After each time interval, the difference between consecu-
tive measures of each parameter are calculated by computer
232: Thereafter, the following monitoring rules are preferably
applied to the measured parameters by computer 232.

DHIE

a) the difference in the run values is greater than 0.1 sec;
and

b) the difference in the slope is less than -15 mm Hg/sec;
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then,

computer 232 displays on display 234 “BRONCHO-
SPASM WORSENING”.

) It

a) the difference in the run values is more negative than
-0.1 sec; and

b) the difference in the slope is more than +15 mm Hg/sec;

then,

computer 232 displays on display 234 “BRONCHO-
SPASM IMPROVING”.

3 If

a) the difference in the slope is greater than or equal to -15
mm Hg/sec, but less than or equal to +15 mm Hg/sec; and

a) the difference in the run values is greater or equal to -0.1
sec; but less than or equal to +0.1 sec;

then,

computer 232 displays on display 234 “BRONCHO-
SPASM UNCHANGED”.

The change in patient’s vital functional activities, includ-
ing SPO, and ETCO,, over the time interval are calculated by
computer 232.

4H1If:

a) the change in SPO, is greater than -5% SAT; or

b) the change in the ETCO, is more than +5 mm Hg;

then,

computer 232 displays on display 234 “VITAL SIGNS
DETERIORATING.”

5 1If:

a) the change in SPQ, is greater than +5% SAT; or

b) the change in the ETCO, is less than -5 mm Hg;

then,

computer 232 displays on display 234 “VITAL SIGNS
IMPROVING”.

6) If:

a) the change in SPO, is greater than or equal to 5% SAT,
and less than or equal to +5% SAT; or

b) the change in the ETCO, is more than or equal to -5 mm
Hg, but less than or equal to +5 mm Hg;

then,

computer 232 displays on display 234 “VITAL SIGNS
UNCHANGED.”

Computer 232 preferably combines the results of these
monitoring rules to display an integrated display 234 such as
“BRONCHOSPASM  WORSENING; VITAL SIGNS
UNCHANGED.”

Following the monitoring stage, the following exitrules are
preferably applied to the measured parameters of the patient
by computer 232

DI

a) the blood pressure values are within normal limits;

b) the respiratory rate is within normal limits;

c) the value of the CO, run is less than 0.3 seconds;

d) the CO, slope is greater than 100 mm Hg/sec; and

e) ETCO, is less than 45 mm Hg;

then,

Computer 232 preferably displays on display 234 “NO
BRONCHOSPASM PRESENT”

(If the patient’s record complies with this exit rule, then a
copy of the patient’s record is handed off from computer 232
to the receiving center, for example, in the form of a chart.
Typically, the receiving center stores this chart, so that it may
be used as a baseline for continued monitoring of the patient).

Reference is now made to FIG. 13, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology in an ambulance environ-
ment for detecting the presence and severity of broncho-
spasm, gauging the response to treatment and recommending
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disposition of mechanically ventilated patients. As seen in
FIG. 13 and similarly to that described hereinabove with
reference to FIGS. 5 and 9, in a hospital environment, such as
a medical ward, emergency department or ICU, various
patient physiologic activities are sensed and measured,
including respiratory physiologic activities, preferably via an
oral airway adapter and/or a nasal or nasal/oral cannula 250,
such as a Model Nasal FilterLine Adult XS 04461, O,/CO,
Nasal FilterLine Adult 007141, or Smart CapnoLine Adult
(Oral/nasal FilterLine) 007414, commercially available from
Oridion Ltd., of Jerusalem Israel, typically coupled with a
capnograph 252, such as a Microcap®, commercially avail-
able from Oridion Ltd., of Jerusalem Israel. Other patient
physiologic activities relating to cardiac function (e.g. ECG),
systemic oxygenation (e.g. pulse oximetry), cerebral oxygen-
ation (e.g. cerebral oximetry) and systemic circulation (e.g.
NIBP), typically sensed by means of chest electrodes 254, a
finger sensor 256, a forehead/scalp sensor 258 and a blood
pressure cuff 260 respectively, may also be sensed and mea-
sured by suitable instrumentation 262.

The outputs of the capnograph 252 and preferably of addi-
tional instrumentation 262 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 264 having an associated display 266, which typically
analyzes the respiration parameter output of the capnograph
252 and preferably other physiologic activities and provides
an output which preferably contains a diagnostic statement,
here “ALERT: SEVERE BRONCHOSPASM PRESENT”.

The patient is given breathing treatment, such as a beta
agonist nebulizer treatment and following such treatment
and/or in the course thereof, the physiologic activities of the
patient continue to be monitored. This monitoring is
employed by computer 264 to indicate the response to the
breathing treatment and the current status of the patient con-
dition. In the scenario of FIG. 13, the patient fails to respond
sufficiently to the breathing treatment and this is indicated by
a status change statement, here “POOR RESPONSE TO
TREATMENT, CONDITION WORSENING”. A treatment
recommendation may also be provided, suchas “CONSIDER
INTUBATION™.

Intubation is performed and correct initial tube placement
is confirmed followed by continuous monitoring of the physi-
ologic activities of the patient, which indicate current tube
position. Where intubation is successful, a status statement,
here: “ADEQUATE CO2 WAVEFORM-TUBE IN TRA-
CHEA” and a treatment recommendation, here “SECURE
TUBE” appear. Where intubation is not successful, a status
statement, here: “NO C02 WAVEFORM-TUBE IN
ESOPHAGUS” and a treatment recommendation, here
“REINTUBATE” appear.

Following successful intubation, continuous monitoring
may provide a status statement such as “ADEQUATE CO2
WAVEFORM-TUBE IN TRACHEA-NO DISLOGE-
MENT” may appear. If tube dislodgment occurs at any time
following intubation, a status statement appears, here “CO2
WAVEFORM ABSENT” preferably accompanied by a treat-
ment recommendation, here “CHECK FOR TUBE DIS-
LOGEMENT".

Preferably some or all of the outputs of computer 262 are
transmitted in a wireless manner by a transmitter 268, such as
via radio or a cellular telephone link, preferably to a dispatch
center or patient receiving facility.

Reference is now made additionally to FIGS. 14A and 14B,
which illustrate the operation of the system and methodology
of the system of the present invention in the context of FIG.
13.
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The patient in the hospital environment, preferably
attached to a multi-parameter monitor including capnograph
252 and instrumentation 262, by means of cannula 250 and
preferably also by means of chest electrodes 254, finger sen-
sor 256, scalp/forehead sensor 258 and blood pressure cuff
260, is monitored continuously. The neurological status of the
patient is acquired by any suitable technique. Values of CO,
concentration, ECG, NIBP and SPO, are continuously mea-
sured, typically over a period of 30 seconds, and carbon
dioxide waveforms are preferably digitized as a capnogram
and other waveforms and stored by computer 264.

Thereafter, the onset and offset limits of the capnogram, the
pulse waveform and QRS onset and offset are determined by
computer 264. The heart rate, blood pressure ETCO, and
SPO, values are measured. The initial slope of the capnogram
and the run, monitored by capnograph 252, are calculated by
computer 264. Additionally, neurological findings, moni-
tored by means of an EEG are inputted to computer 264.

Following each treatment, the differences between con-
secutive measurements of the various patient parameters are
evaluated by computer 264. After each treatment, in a diag-
nostic rule application step, the following diagnostic rules are
preferably applied to the measured parameters by computer
264:

DI

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal;

¢) CO, run is less than or equal to 0.3 sec;

d) CO, slope is more than or equal to 100 mm Hg/sec;

e) SPO, is greater than or equal to 95% SAT; and

) ETCO, is less than or equal to 45 mm, Hg;

then,

display 266 shows the message “VITAL SIGNS WITHIN
NORMAL LIMITS.”

2) In contrast, ift

a) CO, run is greater than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

¢) SPO, is greater than or equal to 91% SAT, but less than
95% SAT; and

d) ETCO, is less than 45 mm Hg;

then,

the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 266.

3) If the parameters measured are yet further removed from
the acceptable range, such as if:

a) CAP-FEV1 is less than 50%;

b) SPO, is less than 91% SAT; and

¢) ETCO, is greater than 45 mm Hg;

then,

a message such as “SEVERE BRONCHOSPASM
PRESENT” is displayed on display 266.

The findings of the last stage are stored by computer 264
and/or transmitted by transmitter 268 to a dispatch/receiving
center, typically located at a hospital or medical center. A
connection is established with the dispatch/receiving center
[ref. no], and the data is forwarded thereto. A medical super-
visor typically watches display of the received data, and con-
sequentially transmits the recommended treatment and/or
transport recommendations back to the hospital.

After each time interval, the difference between consecu-
tive measures of each parameter are calculated by computer
264: Thereafter, the following monitoring rules are preferably
applied to the measured parameters by computer 264.

DIE:

a) the difference in the run values is greater than +0.1 sec;
and
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b) the difference in the slope is more negative than =15 mm
Hg/sec;
then,

computer 264 displays on display 266 “BRONCHO-
SPASM WORSENING”.

2) If:

a) the difference in the run values is more negative than
-0.1 sec; and

b) the difference in the slope is more positive than +15 mm
Hg/sec;

then,

computer 264 displays on display 266 “BRONCHO-
SPASM IMPROVING”.

HIE

a) the difference in the run values is greater or equal to =0.1
sec but less than or equal to +0.1 sec; or

b) the difference in the slope is more than or equal to -15
mm Hg/sec but less than or equal to +15 mm Hg/sec;

then,

computer 264 displays on display 266 “BRONCHO-
SPASM UNCHANGED".

The change in patient’s vital functional activities, includ-
ing SPO, and ETCO,, over the time interval are calculated by
computer 264.

4 If:

a) the change in SPO, is greater than —5% SAT; or

b) the change in the ETCO, is more than +5 mm Hg;

then,

computer 264 displays on display 266 “VITAL SIGNS
DETERIORATING.”

5 If:

a) the change in SPO, is greater than +5% SAT; or

b) the change in the ETCO, is less than -5 mm Hg;

then,

computer 264 displays on display 266 “VITAL SIGNS
IMPROVING”.

6) If:

a) the change in SPO, is greater than or equal to —5% SAT,
but less than or equal to +5% SAT; or

b) the change in the ETCO, is more than or equal to -5 mm
Hg, but less than or equal to +5 mm Hg;

then,

computer 264 displays on display 266 “VITAL SIGNS
UNCHANGED.”

Computer 264 preferably combines the results of these
monitoring rules to display an integrated display 266 such as
“BRONCHOSPASM  WORSENING; VITAL SIGNS
UNCHANGED.”

In a checking rule step, the following rule is preferably
applied:

1) A patient appears to be entering respiratory failure phase
if:

a) the SPO, is less than 90% SAT;

b) the respiratory rate is less than 8/min;

¢) ETCO, is greater than 60 mm Hg; and

d) the patient’s neurological symptoms are qualified as
being “bad”;

then,

computer 264 displays “RESPIRATORY FAILURE;
CONDITION CRITICAL; CONSIDER INTUBATION.” on
display 266.

Once these changes in the patient’s condition have been
confirmed by an operator, the patient is consequentially intu-
bated according to standard techniques and capnograph 252
is activated in intubation monitoring mode by computer 264.
Once the successful intubation of the patient is verified by
data comparison of the patient’s capnogram and standardized
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capnograms for intubation in computer 264, the computer
displays “MONITORING FOR INTUBATION".

Thereafter, the following check rule is preferably applied
to the patient’s capnogram:

1LIf:

a) ETCO, is greater than 15 mm Hg;

then,

computer 264 displays “GOOD WAVEFORM, TUBE IN
TRACHEA. CONFIRM AND SECURE TUBE.”

In the next step, the following monitoring rules are prefer-
ably applied to the patient’s capnogram:

DIf:

a) the value of ETCO, is greater than 15 mm Hg;

then,

computer 266 displays “MONITORING TUBE POSI-
TION: NO DISLODGEMENT” on display 268.

) If:

a) the value of ETCO, is less than or equal to 15 mm Hg; or
b) there is a loss of the waveform;

then,

computer 264 displays “ALERT: CHECK FOR TUBE
DISLODGEMENT” on display 266.

Reference is now made to FIG. 15, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology in a hospital environment
operative for distinguishing between heart failure and emphy-
sema in a situation where a hospital patient becomes short of
breath. As seen in FIG. 15, in a hospital environment, various
patient physiologic activities are sensed and measured,
including respiratory physiologic activities, preferably via an
oral airway adapter and/or a nasal or nasal/oral cannula 270,
such as a Model Nasal FilterLine Adult XS 04461, O,/CO,
Nasal FilterLine Adult 007141, or Smart CapnolLine Adult
(Oral/nasal FilterLine) 007414, commercially available from
Oridion Ltd., of Jerusalem Israel, typically coupled with a
capnograph 272, such as a Microcap, commercially available
from Oridion Ltd., of Jerusalem Israel. Other patient physi-
ologic activities relating to cardiac function (e.g. ECG), sys-
temic oxygenation (e.g. pulse oximetry), cerebral oxygen-
ation (e.g. cerebral oximetry) and systemic circulation (e.g.
NIBP), typically sensed by means of chest electrodes 274, a
finger sensor 276, a forehead/scalp sensor 278 and a blood
pressure cuff 280 respectively. may also be sensed and mea-
sured by suitable instrumentation 282.

The outputs of the capnograph 272 and possibly of addi-
tional instrumentation 282 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 284, having an associated display 286 which typically
analyzes the respiration parameter output of the capnograph
272 and possibly other parameters and provides an output
which preferably contains a diagnostic statement, here
“SEVERE BRONCHOSPASM PRESENT”. This diagnostic
statement would suggest treatment for emphysema rather
than for heart failure. Breathing treatment is administered
after which a diagnostic statement which indicates the patient
status and the severity of the respiratory condition is prefer-
ably presented, here “MODERATE BRONCHOSPASM,
CONDITION IMPROVING”

Reference is now made additionally to FIGS. 16A and 16B,
which illustrates the operation of the system and methodol-
ogy of the system of the present invention in the context of
FIG. 15. FIGS. 16A and 168 illustrate the utility of using the
capnograph in both diagnostic and monitoring modes as an
aid to diagnosis and monitoring respectively.

The patient in the hospital environment, preferably
attached to a multi-parameter monitor including capnograph
272 and the suitable instrumentation, by means of cannula
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270 and preferably also by means of chest electrodes 274,
finger sensor 276, forehead/scalp sensor 278 and blood pres-
sure cuff 280, is monitored continuously. The neurological
status of the patient is acquired by any suitable technique.
Values of CO, concentration, ECG, NIBP and SPO, are con-
tinuously measured, typically over a period of 30 seconds,
and carbon dioxide waveforms are preferably digitized as a
capnogram and other waveforms and stored on computer 284

In the above exemplified scenario (FIG. 15), the medical
team 1initially do not know whether the patient’s symptoms
are indicative of a breathing-related medical problem, such as
emphysema, or from a heart related medical problem, such as
heart failure. The following methodology assists and enables
the medical team to reach the correct diagnosis. In contrast, in
FIG. 11 above, there were no indications that the patient’s
diagnosis could include a heart-related episode.

Thereafter, the onset and offset limits of the capnogram, the
pulse waveform and QRS onset and offset are determined by
computer 284. The initial slope of the capnogram and the run
are determined and stored in computer 284;

At a startup stage, computer 284 checks to verify that a
valid signal is received from capnograph 272. In a case where
the signal is indicative of there being obstructive lung disease,
due to the sluggish run time for example or an acute angled
initial slope, then the mode of monitoring on capnograph 272
is shifted to its bronchospastic monitoring mode.

In a monitoring rule stage, the following rule is preferably
applied to the values of the end tidal value of exhaled carbon
dioxide:

DIf

a) ETCO, is greater than 15 mm Hg;

then,

computer 284 displays on display 286 “GOOD WAVE-
FORM QUALITY; CRITERIA FOR BRONCHOSPASM
MET: STARTING MONITORING™.

Thereafter a cycle of alternating I) sampling step (data
collection and measurement) and 1I) diagnostic rule applica-
tion to the previous sample step 1) is initiated.

1) Sampling Step

a) A sample of expired air is taken and conveyed from
cannula 270 to capnograph 272.

b) The carbon dioxide concentration is measured continu-
ously by capnograph 272 as a capnogram.

¢) The capnogram is digitized as waveform and store for
analysis by computer 284.

d) Computer 284 marks onset and offset limits of the cap-
nogram.

) The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

i1) the breath-to-breath correlation must be greater than
0.85.

f) The slope and the run are determined by computer 284.

1I) Diagnostic Rule Application Step

In a diagnostic rule application step, the following diag-
nostic rules are preferably applied to the measured param-
eters of I) Sampling step by computer 284:

DHIE

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal,

¢) CO, run is less than or equal to 0.3 sec;

d) CQO, slope is more than or equal to 100 mm Hg/sec;

e) SPO, is greater than or equal to 95% SAT; and

f) ETCO, is less than or equal to 45 mm Hg;

then,
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display 286 shows the message “NO BROCHOSPASM
PRESENT”

2) In contrast, if:

a) CO, run is greater than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

¢) SPO, is greater than or equal to 91% SAT, but less than
95% SAT; and

d) ETCO, is less than 45 mm Hg;

then,

the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 286.

3) If the parameters measured are yet further removed from
the acceptable range, such as if:

a) CAP-FEV1 is less than 50%;

b) SPO, is less than 91% SAT; and

¢) ETCO, is greater than 45 mm Hg;

then,

a message such as “SEVERE BRONCHOSPASM
PRESENT” is displayed on display 286.

At any one of the diagnostic rule application steps, it may
be verified that the patient is suffering from bronchospasm.
Once bronchospasm is verified, the operator switches capno-
graph 272 to a serial comparison mode. The medical team
applies the appropriate interventions to the patient to treat the
bronchospasm.

Thereafter, a cycle of alternating I) sampling step (data
collection and measurement) and II) monitoring rule appli-
cation step to the previous sample step 1) is initiated.

1) Sampling Step

a) A sample of expired air is taken and conveyed from
cannula 270 to capnograph 272.

b) The carbon dioxide concentration is measured continu-
ously by capnograph 272 as a capnogram.

¢) The capnogram is digitized as waveform and store for
analysis by computer 284.

d) Computer 284 marks onset and offset limits of the cap-
nogram.

) The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

i1) the breath-to-breath correlation must be greater than
0.85.

) The slope and the run are determined by computer 284.

1) Monitoring Rule Application Step

After each time interval, the difference between consecu-
tive measures of each parameter are calculated by computer
284: Thereafter, the following monitoring rules are preferably
applied to the measured parameters by computer 284.

DI

a) the difference in the run values is greater than 0.1 sec;
and

b) the difference in the slope is less than —15 mm Hg/sec;

then,

computer 284 displays on display 286 “BRONCHO-
SPASM WORSENING”.

2)If:

a) the difference in the run values is more negative than
-0.1 sec; and

b) the difference in the slope is more than +15 mm Hg/sec;

then,

computer 284 displays on display 286 “BRONCHO-
SPASM IMPROVING”

If:

a) the difference in the run is more than or equal to 0.1 sec,
but is less than or equal to 0.1 sec; or
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b) the difference in the slope is more than or equal to =15
mm Hg/sec and less than or equal to +15 mm Hg/sec;

then,

computer 284 displays on display 286 “BRONCHO-
SPASM UNCHANGED”.

The change in patient’s vital functional activities, includ-
ing SPO, and ETCO,, over the time interval are calculated by
computer 284.

4 If:

a) the change in SPO, is more negative than —5% SAT; or

b) the change in the ETCO, is more than +5 mm Hg;

then,

computer 284 displays on display 286 “VITAL SIGNS
DETERIORATING.”

5 If:

a) the change in SPO, is greater than +5% SAT; or

b) the change in the ETCO, is less than -5 mm Hg;

then,

computer 284 displays on display 286 “VITAL SIGNS
IMPROVING”.

6) If:

a) the change in SPO, is greater than or equal to —5% SAT,
but less than or equal to +5% SAT; or

b) the change in the ETCO, is more than or equal to -5 mm
Hg, but less than or equal to +5 mm Hg;

then,

computer 284 displays on display 286 “VITAL SIGNS
UNCHANGED.”

Computer 284 preferably combines the results of these
monitoring rules to display an integrated display 286 such as
“BRONCHOSPASM ~ WORSENING; VITAL SIGNS
UNCHANGED.”

Once the medical interventions have concluded and the
patient’s disposition has been determined, the operator
switches the capnograph back to its diagnostic mode.

Reference is now made to FIG. 17, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology in a hospital environment,
operative for continuously monitoring correct tube position
in an intubated patient. As seen in FIG. 17, in a hospital
environment, various patient physiologic activities are sensed
and measured, including respiratory physiologic activities,
preferably via an oral airway adapter and/or a nasal or nasal/
oral cannula 300, such as a Model Nasal FilterLine Adult XS
04461, 0,/CO, Nasal FilterLine Adult 007141, or Smart Cap-
noLine Adult (Oral/nasal FilterLine) 007414, commercially
available from Oridion Ltd., of Jerusalem Israel, typically
coupled with a capnograph 302, such as a Microcap®, com-
mercially available from Oridion Ltd., of Jerusalem Israel.
Other patient physiologic activities relating to cardiac func-
tion (e.g. ECG), systemic oxygenation (e.g. pulse oximetry),
cerebral oxygenation (e.g. cerebral oximetry) and systemic
circulation (e.g. NIBP), typically sensed by means of chest
electrodes 304, a finger sensor 306, a forehead/scalp sensor
308 and a blood pressure cuff 310 respectively, may also be
sensed and measured by suitable instrumentation 312.

The outputs of the capnograph 302 and possibly of addi-
tional instrumentation 312 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 314, having an associated display 316 which typically
analyzes the respiration parameter output of the capnograph
302 and possibly other parameters and provides an output
which preferably contains a diagnostic statement, here
“ALERT !!! LOSS OF CO, WAVEFORM” preferably
accompanied by a treatment recommendation, here CHECK
FOR TUBE DISLODGEMENT”. Following re-intubation, a
revised diagnostic statement, here “CO, WAVEFORM
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RESTORED, TUBE IN TRACHEA”, preferably accompa-
nied by atreatment recommendation, here “SECURE TUBE”
appears.

Reference is now made additionally to FIG. 18, which
illustrates the operation of the system and methodology of the
system of the present invention in the context of FIG. 17.

The patient in the hospital environment, preferably
attached to a multi-parameter monitor including capnograph
302 and instrumentation 312, by means of cannula 200 and
preferably also by means of chest electrodes 304, finger sen-
sor 306, forehead/scalp sensor 308 and blood pressure cuff
310, is monitored continuously. The neurological status of the
patient is acquired by any suitable technique. Expired air is
collected via cannula 300 and is conveyed to the capnograph
302.

Values of CO, concentration, ECG, NIBP and SPO, are
continuously measured, typically over a period of 30 seconds,
and carbon dioxide waveforms are preferably digitized as a
capnogram and together with other waveforms are stored on
computer 314.

The onset and offset limits of the patient’s capnogram from
capnograph 302 are delineated by computer 314.

The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 1 mm Hg: and

i) the breath-to-breath correlation must be greater than
0.85.

Ifthe quality is unacceptable, further samples are collected
until a sample of acceptable quality, according to the above
two criteria, is taken.

The next step entails a checking procedure, wherein the
ETCO, value is measured by capnograph 302.

The following checking rule is preferably applied.

DIf:

a) the ETCQ, value is more than 15 mm Hg;

then,

a display is provided by computer 314 stating “GOOD
WAVEFORM, TUBE IN TRACHEA, CONFIRM AND
SECURE TUBE” on display 316.

If the intubation is successful, the operator confirms this,
by for example, entering the relevant code into computer 314,
and capnograph 302 is then entered into an intubation moni-
toring mode. The patient is monitored continuously. Thus,
computer 314 displays “MONITORING INTUBATION” on
display 316.

If there is a loss of the signal from capnograph 302, it may
be indicative that the cannula tube 300 has slipped away from
the patient’s trachea In such a case, the computer preferably
displays “ALERT: CHECK FOR TUBE DISLODGE-
MENT”.

Thereafter a cycle of alternating I) sampling step (data
collection and measurement) and 1I) diagnostic rule applica-
tion to the previous sample step I) is initiated.

1) Sampling Step

In this sampling step, an exhaled air sample from cannula
300is periodically collected, conveyed and measured by cap-
nograph 302. The carbon dioxide concentration value is
determined continuously by capnograph 302. Computer 314
digitizes the capnograph signals as a waveform and store the
waveform for analysis.

Thereafter, the ETCO, value is determined.

1I) Diagnostic Rule Application Step.

The following diagnostic rules are applied to each sample:
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DHIf

a) The value of ETCO, is greater or equal to 15 mm Hg; and

b) There is no loss in the waveform from capnograph 302;
then,

computer 314 displays “MONITORING TUBE POSI-
TION: NO DISLODGMENT” on display 316.

) If:

a) The value of ETCO, is less than or equal to 15 mm Hg;
or

b) There is a loss in the waveform from capnograph 302;

then,

computer 314 displays “ALERT: CHECK FOR TUBE
DISLODGMENT” on display 316.

This cycle typically proceeds until the patient monitoring
is halted by the medical team or operator.

Reference is now made to FIG. 19, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology, operative in a hospital
environment, for continuously monitoring the respiratory sta-
tus of a spontaneously breathing patient in first operational
scenario. As seen in FIG. 19, in a hospital environment,
various patient physiologic activities are sensed and mea-
sured, including respiratory physiologic activities, preferably
via an oral airway adapter and/or a nasal or nasal/oral cannula
330, such as a Model Nasal FilterLine Adult XS 04461,
0,/CO, Nasal FilterLine Adult 007141, or Smart CapnoLine
Adult (Oral/nasal FilterLine) 007414, commercially avail-
able from Oridion Ltd., of Jerusalem Israel, typically coupled
with a capnograph 332, such as a Microcap®, commercially
available from Oridion Ltd., of Jerusalem Israel. Other
patient physiologic activities relating to cardiac function (e.g.
ECG), systemic oxygenation (e.g. pulse oximetry), cerebral
oxygenation (e.g. cerebral oximetry) and systemic circulation
(e.g. NIBP), typically sensed by means of chest electrodes
334, a finger sensor 336, a forehead/scalp sensor 338 and a
blood pressure cuff 340 respectively, may also be sensed and
measured by suitable instrumentation 342.

The outputs of the capnograph 332 and possibly of addi-
tional instrumentation 342 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 344, having an associated display 346 which typically
analyzes the respiration parameter output of the capnograph
332 and possibly other parameters and provides an output
which preferably contains a diagnostic statement, here
“PATIENT STABLE-NO CHANGE IN CLINICAL
PARAMETERS. If a change occurs in the patient respiratory
status, a diagnostic statement, here “ALERT: MILD BRON-
CHOSPASM PRESENT” appears on the display 346, indi-
cating to medical personnel that a bronchospastic condition is
present. Following administration of breathing treatment, an
updated diagnostic statement appears, here “GOOD
RESPONSE TO TREATMENT, NO BRONCHOSPASM
PRESENT”.

Reference is now made additionally to FIG. 20, which
illustrates the operation of the system and methodology ofthe
system of the present invention in the context of FIG. 19.

The patient in the hospital environment, preferably
attached to a multi-parameter monitor including capnograph
332 and instrumentation 342, by means of cannula 330 and
preferably also by means of chest electrodes 334, finger sen-
sor 336, forehead/scalp sensor 338 and blood pressure cuff
340, is monitored continuously. The neurological status of the
patient is acquired by any suitable technique. Expired air is
collected via cannula 300 and is conveyed to the capnograph
332.

Values of CO, concentration, ECG, NIBP and SPO, are
continuously measured, typically over a period of 30 seconds,
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and carbon dioxide waveforms are preferably digitized as a
capnogram and together with other waveforms are stored on
computer 344.

The onset and offset limits of the patient’s capnogram from
capnograph 332 are delineated by computer 344.

The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

1i) the breath-to-breath correlation must be greater than
0.85.

Ifthe quality is unacceptable, further samples are collected
until a sample of acceptable quality, according to the above
two criteria, is taken.

The next step entails a checking procedure, wherein the
ETCO, value is measured by capnograph 332. The slope and
run values of the capnogram from capnograph 332 are deter-
mined by computer 344.

At startup, the following checking rule is preferably
applied.

DIf

a) the ETCO, value is more than 15 mm Hg;

then,

a display is provided by computer 344 stating “GOOD
WAVEFORM, QUALITY: MONITORING FOR BRON-
CHOSPASM”™.

If the monitoring is successful, the operator confirms this,
by for example, entering the relevant code into computer 344,
and capnograph 332 is then entered into a diagnostic moni-
toring mode. The patient is monitored continuously by cap-
nograph 332.

Thereafter a cycle of alternating I) sampling step (data
collection and measurement) and 1I) diagnostic rule applica-
tion to the previous sample step I) is initiated.

1) Sampling Step

a) A sample of expired air is taken and conveyed from
cannula 330 to capnograph 332.

b) The carbon dioxide concentration is measured continu-
ously by capnograph 332 as a capnogram.

¢) The capnogram is digitized as waveform and store for
analysis by computer 344.

d) Computer 344 marks onset and offset limits of the cap-
nogram.

¢) The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

i1) the breath-to-breath correlation must be greater than
0.85.

) The slope and the run are determined by computer 344.

1I) Diagnostic Rule Application Step

In a diagnostic rule application step, the following diag-
nostic rules are preferably applied to the measured param-
eters of I) Sampling step by computer 344:

DI

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal,

¢) CO, run is less than or equal to 0.3 sec;

d) CO, slope is more than or equal to 100 mm Hg/sec;

e) SPO, is greater than or equal to 95% SAT; and

) ETCO, is less than or equal to 45 mm Hg; then,

display 346 shows the message “NO BRONCHOSPASM
PRESENT.”

2) In contrast, if:

a) CO, run is greater than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

10

15

20

25

30

35

40

45

50

55

60

65

56

¢) SPO, is greater or equal to 91% SAT, but less than 95%
SAT; and

d) ETCO, is less than 45 mm Hg;

then,

the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 346. The patient then
receives suitable breathing treatment as is shown in FIG. 19
hereinabove.

3) If the parameters measured are yet further removed from
the acceptable range, such as if:

a) CAP-FEV1 is less than 50%;

b) SPO, is less than 91% SAT; and

¢) ETCO, is greater than 45 mm Hg;

then,

a message such as “SEVERE BRONCHOSPASM
PRESENT” is displayed on display 346.

Reference is now made to FIGS. 21A and 21B, which are
simplified pictorial illustrations of an automatic medical
diagnostic and treatment system and methodology, operative
in a hospital environment, for continuously monitoring the
respiratory status of a spontaneously breathing patient in a
second clinical scenario. As seen in FIGS. 21A and 21B, ina
hospital environment, various patient physiologic activities
are sensed and measured, including respiratory physiologic
activities, preferably via an oral airway adapter and/or a nasal
or nasal/oral cannula 350, such as a Model Nasal FilterLine
Adult XS 04461, O,/CO, Nasal FilterLine Adult 007141, or
Smart CapnoLine Adult (Oral/nasal FilterLine) 007414,
commercially available from Oridion Ltd., of Jerusalem
Israel, typically coupled with a capnograph 352, such as a
Microcap®, commercially available from Oridion Ltd., of
Jerusalem Israel. Other patient physiologic activities relating
to cardiac function (e.g. ECG), systemic oxygenation (e.g;
pulse oximetry), cerebral oxygenation (e.g. cerebral oxim-
etry) and systemic circulation (e.g. NIBP), typically sensed
by means of chest electrodes 354, a finger sensor 356, a
forehead/scalp sensor 358 and a blood pressure cuff 360
respectively, may also be sensed and measured by suitable
instrumentation 362.

The outputs of the capnograph 352 and possibly of addi-
tional instrumentation 362 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 364, having an associated display 366 which typically
analyzes the respiration parameter output of the capnograph
352 and possibly other parameters and provides an output
which preferably contains a diagnostic statement, here
“PATIENT STABLE-NO CHANGE IN CLINICAL
PARAMETERS. If a change occurs in the patient respiratory
status, a diagnostic statement, here “ALERT: MILD BRON-
CHOSPASM PRESENT” appears on the display 346, indi-
cating to medical personnel that a bronchospastic condition is
present. Following administration of breathing treatment, an
updated diagnostic statement appears, here “NO RESPONSE
TO TREATMENT, MODERATE BRONCHOSPASM
PRESENT”. Additional breathing treatment is administered
and thereafter an updated diagnostic statement appears, here
“NORESPONSETO TREATMENT, SEVERE BRONCHO-
SPASM PRESENT”, which may prompt the physician to
transfer the patient to the ICU.

Reference is now made additionally to FIGS. 22A-22C,
which illustrates the operation of the system and methodol-
ogy of the system of the present invention in the context of
FIGS. 21A and 21B.

The patient in the hospital environment, preferably
attached to a multi-parameter monitor including capnograph
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352, is monitored continuously for at least 30 seconds.
Expired airis collected via cannula 350 and is conveyed to the
capnograph 352.

Values of the CO, concentration is continuously measured,
typically over a period of 30 seconds, and carbon dioxide
waveforms are preferably digitized as a capnogram and
together with other waveforms are stored on computer 364.

The onset and offset limits of the patient’s capnogram from
capnograph 352 are delineated by computer 364.

The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg: and

i) the breath-to-breath correlation must be greater than
0.85.

Ifthe quality is unacceptable, further samples are collected
until a sample of acceptable quality, according to the above
two criteria, is taken.

The next step entails a checking procedure, wherein the
ETCO, value is measured by capnograph 352. The slope and
run values of the capnogram from capnograph 352 are deter-
mined by computer 364.

At startup, the following checking rule is preferably
applied.

DI

a) the ETCO, value is more than 15 nun Hg;

then,

a display is provided by computer 364 stating “GOOD
WAVEFORM, QUALITY: MONITORING FOR BRON-
CHOSPASM”.

If the monitoring is successful, the operator confirms this,
by for example, entering the relevant code into computer 364,
and capnograph 352 is then entered into a diagnostic moni-
toring mode. The patient is monitored continuously by cap-
nograph 352.

Thereafter a cycle of alternating I) sampling step (data
collection and measurement) and 1I) diagnostic rule applica-
tion to the previous sample step I) 1s initiated.

1) Sampling Step

a) A sample of expired air is taken and conveyed from
cannula 350 to capnograph 352.

b) The carbon dioxide concentration is measured continu-
ously by capnograph 352 as a capnogram.

¢) The capnogram is digitized as waveform and store for
analysis by computer 364.

d) Computer 364 marks onset and offset limits of the cap-
nogram.

¢) The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

i1) the breath-to-breath correlation must be greater than
0.85.

) The slope and the run are determined by computer 364.

1I) Diagnostic Rule Application Step

In a diagnostic rule application step, the following diag-
nostic rules are preferably applied to the measured param-
eters of I) Sampling step by computer 364:

DI

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal,

¢) CO, run is less than or equal to 0.3 sec;

d) CO, slope is more than or equal to 100 mm Hg/sec;

e) SPO, is greater than or equal to 95% SAT; and

) ETCO, is less than 45 mm Hg;

then,
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display 366 shows the message “NO BRONCHOSPASM
PRESENT.”

2) In contrast, if:

a) CO, run is greater than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

¢) SPO, is greater than or equal to 91% SAT, but less than
95% SAT; and

d) ETCO, is less than 45 mm Hg;

then,

the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 366.

3) If the parameters measured are yet further removed from
the acceptable range, such as if:

a) CAP-FEV1 is less than 50%;

b) SPO, is less than 91% SAT; and

¢) ETCO, is greater than 45 mm Hg;

then,

a message such as “SEVERE BRONCHOSPASM
PRESENT” is displayed on display 366.

At any one of the diagnostic rule application steps, it may
be verified that the patient is suffering from bronchospasm.
Once bronchospasm is verified, the operator switches capno-
graph 352 to a serial comparison mode. The medical team
applies the appropriate interventions to the patient to treat the
bronchospasm.

The patient is attached multi-parameter monitor leads and
instrumentation 362, by means of cannula 350 and preferably
also by means of chest electrodes 354, finger sensor 356,
forehead/scalp sensor 358 and blood pressure cuff 360, is
monitored continuously. The neurological status of the
patient is acquired by any suitable technique.

Values of the CO, concentration monitored by capnograph
352, and ECG, NIBP, cerebral oximetry and SPO, values,
monitored by additional instrumentation 362 are supplied to
computer 364, and are typically measured continuously over
aperiod of 30 seconds, by techniques as detailed hereinabove.
The parameter data may be digitized as waveforms and are
further stored for analysis by computer 364. Thereafter, the
limits of the capnogram, the pulse waveform and QRS onset
and offset are determined by computer 364.

The next step entails a checking procedure, wherein the
ETCO, value is measured by capnograph 352. The initial
slope of the capnogram and the run, monitored by capnograph
352, are calculated by computer 364.

At startup, the following checking rule is preferably
applied.

DIE

a) the ETCO, value is more than 15 mm Hg;

then,

a display is provided by computer 344 stating “GOOD
WAVEFORM, QUALITY: MONITORING FOR BRON-
CHOSPASM™.

If the monitoring is successful, the operator confirms this,
by for example, entering the relevant code into computer 364,
and capnograph 352 is then entered into a diagnostic moni-
toring mode. The patient is monitored continuously by cap-
nograph 352.

Thereafter, a cycle of alternating 1) sampling step (data
collection and measurement) and IT) monitoring rule appli-
cation step to the previous sample step 1) is initiated.

1) Sampling Step

a) A sample of expired air is taken and conveyed from
cannula 350 to capnograph 352.

b) The carbon dioxide concentration is measured continu-
ously by capnograph 352 as a capnogram.

¢) The capnogram is digitized as waveform and store for
analysis by computer 364.
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d) Computer 364 marks onset and offset limits of the cap-
nogram.

¢) The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg: and

i) the breath-to-breath correlation must be greater than
0.85.

) The slope and the run are determined by computer 364.

1) Monitoring Rule Application Step

After each time interval, the difference between consecu-
tive measures of each parameter are calculated by computer
364: Thereafter, the following monitoring rules are preferably
applied to the measured parameters by computer 364.

DI

a) the difference in the run values is greater than +0.1 sec;
and

b) the difference in the slope is more negative than —15 mm
Hg/sec;

then,

computer 364 displays on display 366 “BRONCHO-
SPASM WORSENING”.

) If:

a) the difference in the run values is more negative than
-0.1 sec; and

b) the difference in the slope is more than +15 mm Hg/sec;

then,

computer 364 displays on display 366 “BRONCHO-
SPASM IMPROVING”.

It

a) the difference in the run values is equal to or greater than
-0.1 sec, but less than or equal to +0.1 sec; or

b) the difference in the slope is more than or equal to -15
mm Hg but less than or equal to +15 mm Hg/sec;

then,

computer 364 displays on display 366 “BRONCHO-
SPASM UNCHANGED”.

The change in patient’s vital functional activities, includ-
ing SPO, and ETCO,, over the time interval are calculated by
computer 364.

41t

a) the decrease in SPO, is more than -5% SAT; or

b) the increase in the ETCO, is more than 5 mm Hg;

then,

computer 364 displays on display 366 “VITAL SIGNS
DETERIORATING.”

S5 If:

a) the increase in SPO, is more than 5% SAT; or

b) the decrease in the ETCO, is greater than -5 mm Hg;

then,

computer 364 displays on display 366 “VITAL SIGNS
IMPROVING”.

6) If:

a) the change in SPO, is greater than or equal to —5% SAT
but less than or equal to +5% SAT; or

b) the change in the ETCO, is more than or equal to -5 mm
Hg or less than or equal to +5 mm Hg;

then,

computer 364 displays on display 366 “VITAL SIGNS
UNCHANGED”.

Computer 364 preferably combines the results of these
monitoring rules to display an integrated display 366 such as
“BRONCHOSPASM ~ WORSENING; VITAL SIGNS
UNCHANGED.”

Once the medical interventions have concluded and the
patient’s disposition has been determined, the operator
switches the capnograph back to its diagnostic mode.
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Reference is now made to FIGS. 23A and 23B, which are
simplified pictorial illustrations of an automatic medical
diagnostic and treatment system and methodology operative
in aphysician’s office environment for detecting the presence
and severity of bronchospasm, gauging the response to treat-
ment and recommending disposition of a spontaneously
breathing patient in a first clinical scenario. As seen in FIGS.
23A and 23B, a child having an asthma attack is broughtto a
physician’s office. Various patient physiologic activities are
sensed and measured, including respiratory physiologic
activities, preferably via an oral airway adapter and/or a nasal
or nasal/oral cannula 400, such as a Model Nasal FilterLine
Adult XS 04461, 02/CO, Nasal FilterLine Adult 007141, or
Smart CapnoLine Adult (Oral/nasal FilterLine) 007414,
commercially available from Oridion Ltd., of Jerusalem
Israel, typically coupled with a capnograph 402, such as a
Microcap, commercially available from Oridion Ltd., of
Jerusalem Israel. Other patient physiologic activities relating
to cardiac function (e.g. ECG), systemic oxygenation (e.g.
pulse oximetry), cerebral oxygenation (e.g. cerebral oxim-
etry) and systemic circulation (e.g. NIBP), typically sensed
by means of chest electrodes 404, a finger sensor 406, a
forehead/scalp sensor 408 and a blood pressure cuff 410
respectively, may also be sensed and measured by suitable
instrumentation 412.

The outputs of the capnograph 402 and preferably of addi-
tional instrumentation 404 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 416 having an associated display 418, which typically
analyzes the respiration parameter output of the capnograph
402 and preferably other physiologic activities and provides
an output which preferably contains a diagnostic statement,
here “MODERATE BRONCHOSPASM PRESENT”.

The patient is given breathing treatments, such as beta
agonist nebulizer treatments and following such treatments
and/or in the course thereof, the physiologic activities of the
patient continue to be monitored. This monitoring is
employed by computer 160 to indicate the response to the
breathing treatments and the current status of the broncho-
spasm condition. When the breathing treatments are success-
ful, a status message, here “GOOD RESPONSE TO TREAT-
MENT”, is presented accompanied by a disposition
recommendation, here “CONSIDER DISCHARGE TO
HOME” and the physician may allow the child to return home
after the treatment.

Reference is now made additionally to FIGS. 24 A and 24B,
which illustrate the operation of the system and methodology
of the system of the present invention in the context of FIGS.
23A and 23B.

The patient in the clinical environment, preferably attached
to a multi-parameter monitor including capnograph 402, is
monitored continuously for at least 30 seconds. Expired air is
collected via cannula 400 and is conveyed to the capnograph
402.

Values of the CO, concentration is continuously measured,
typically over a period of 30 seconds, and carbon dioxide
waveforms are preferably digitized as a capnogram and
together with other waveforms are stored on computer 416.

The onset and offset limits of the patient’s capnogram from
capnograph 402 are delineated by computer 416.

The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

ii) the breath-to-breath correlation must be greater than
0.85.



US 8,679,029 B2

61

Ifthe quality is unacceptable, further samples are collected
until a sample of acceptable quality, according to the above
two criteria, is taken.

The next step entails a checking procedure, wherein the
ETCO, value is measured by capnograph 402. The slope and
run values of the capnogram from capnograph 402 are deter-
mined by computer 416.

At startup, the following checking rule is preferably
applied.

DI

a) the ETCO, value is more than 15 mm Hg;

then,

a display is provided by computer 416 stating “GOOD
WAVEFORM, QUALITY: MONITORING FOR BRON-
CHOSPASM”.

If the monitoring is successful, the operator confirms this,
by for example, entering the relevant code into computer 416,
and capnograph 402 is then entered into a diagnostic moni-
toring mode. The patient is monitored continuously by cap-
nograph 402.

Thereafter a cycle of alternating I) sampling step (data
collection and measurement) and I1) diagnostic rule applica-
tion to the previous sample step I) is initiated. The sampling
step is typically performed every 15 minutes for one hour
after the treatment.

) Sampling Step

a) A sample of expired air is taken and conveyed from
cannula. 400 to capnograph 402.

b) The carbon dioxide concentration is measured continu-
ously by capnograph 402 as a capnogram 417.

¢) The capnogram is digitized as waveform and store for
analysis by computer 416.

d) Computer 416 marks onset and offset limits of the cap-
nogram.

e) The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

i) the breath-to-breath correlation must be greater than
0.85.

1) The slope and the run are determined by computer 416.

1T) Diagnostic Rule Application Step

In a diagnostic rule application step, the following diag-
nostic rules are preferably applied to the measured param-
eters of I) Sampling step by computer 416:

DIf:

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal;

¢) CO, run is less than or equal to 0.3 sec;

d) CO, slope is more than or equal to 100 mm Hg/sec;

e) SPO, is greater than or equal to 95% SAT; and

1) ETCQ, is less than or equal to 45 mm Hg;

then,

display 418 shows the message “NO BRONCHOSPASM
PRESENT.”

2) In contrast, if:

a) CO, run is greater than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

¢) SPO, is more than or equal to 91% SAT, but less than
95% SAT; and

d) ETCO, is less than 45 mm Hg;

then,

the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 418.

3) If the parameters measured are yet further removed from
the acceptable range, such as if:
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a) CAP-FEV1 is less than 50%;

b) SPO, is less than 91% SAT; and

¢) ETCO, is greater than 45 mm Hg;

then,

a message such as “SEVERE BRONCHOSPASM
PRESENT” is displayed on display 418.

At any one of the diagnostic rule application steps, it may
be verified that the patient is suffering from bronchospasm.
Once bronchospasm is verified, the operator switches capno-
graph 402 to a serial comparison mode. The medical team
applies the appropriate interventions to the patient to treat the
bronchospasm.

The following rule is preferably applied to the capnogram
by computer 416:

niIt

a) the value of CAP-FEV1 is greater than 50%; and

b) the slope is greater or equal to 100 mm Hg/sec; and,

¢) the angle of rise of the carbon dioxide concentration is
greater than a predetermined value in degrees

then,

computer 416 displays a message on display 418: “GOOD
RESPONSE TO TREATMENT: CONSIDER DISCHARGE
HOME.”

Reference is now made to FIGS. 25A and 25B, which are
simplified pictorial illustrations of an automatic medical
diagnostic and treatment system and methodology operative
in aphysician’s office environment for detecting the presence
and severity of bronchospasm, gauging the response to treat-
ment and recommending disposition of a spontaneously
breathing patient in a second clinical scenario. As seen in
FIGS. 25A and 25B, a child having an asthma attack is
brought to a physician’s office. Various patient physiologic
activities are sensed and measured, including respiratory
physiologic activities, preferably via an oral airway adapter
and/or a nasal or nasal/oral cannula 420, such as a Model
Nasal FilterLine Adult XS 04461, 02/CO, Nasal FilterLine
Adult 007141, or Smart CapnoLine Adult (Oral/nasal Filter-
Line) 007414, commercially available from Oridion Ltd., of
Jerusalem Israel, typically coupled with a capnograph 422,
such as a Microcap, commercially available from Oridion
Ltd., of Jerusalem Israel. Other patient physiological activi-
ties relating to cardiac function (e.g. ECG), systemic oxygen-
ation (e.g. pulse oximetry), cerebral oxygenation (e.g. cere-
bral oximetry) and systemic circulation (e.g. NIBP), typically
sensed by means of chest electrodes 424, a finger sensor 426,
a forehead/scalp sensor 428 and a blood pressure cuff 430
respectively, may also be sensed and measured by suitable
instrumentation 432.

The outputs of the capnograph 422 and preferably of addi-
tional instrumentation 424 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 426 having an associated display 428, which typically
analyzes the respiration parameter output of the capnograph
422 and preferably other physiologic activities and provides
an output which preferably contains a diagnostic statement,
here “MODERATE BRONCHOSPASM PRESENT”.

The patient is given breathing treatments, such as beta
agonist nebulizer treatments and following such treatments
and/or in the course thereof, the physiologic activities of the
patient continue to be monitored. This monitoring is
employed by computer 426 to indicate the response to the
breathing treatments and the current status of the broncho-
spasm condition. When the breathing treatments are not suc-
cessful, a status message, here “POOR RESPONSE TO
TREATMENT?”, is presented accompanied by a disposition
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recommendation, here “CONSIDER ADMISSION TO
HOSPITAL” and the physician may send the child to the
hospital.

Reference is now made additionally to FIGS. 26 A and 26B,
which illustrate the operation of the system and methodology
of the system of the present invention in the context of FIGS.
25A and 25B.

The patient in the clinical environment, preferably attached
to a multi-parameter monitor including capnograph 422, is
monitored continuously for at least 30 seconds. Expired air is
collected via cannula 420 and is conveyed to the capnograph
422.

Values of the CO, concentration is continuously measured,
typically over a period of 30 seconds, and carbon dioxide
waveforms are preferably digitized as a capnogram and
together with other waveforms are stored on computer 426.

The onset and offset limits of the patient’s capnogram from
capnograph 422 are delineated by computer 426.

The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

1i) the breath-to-breath correlation must be greater than
0.85.

Ifthe quality is unacceptable, further samples are collected
until a sample of acceptable quality, according to the above
two criteria, is taken.

The next step entails a checking procedure, wherein the
ETCO, value is measured by capnograph 422. The slope and
run values of the capnogram from capnograph 422 are deter-
mined by computer 426.

At startup, the following checking rule is preferably
applied.

DIf:

a) the ETCO, value is more than 15 mm Hg;

then,

a display is provided by computer 426 stating “GOOD
WAVEFORM, QUALITY: MONITORING FOR BRON-
CHOSPASM”.

If the monitoring is successful, the operator confirms this,
by for example, entering the relevant code into computer 426,
and capnograph 422 is then entered into a diagnostic moni-
toring mode. The patient is monitored continuously by cap-
nograph 422.

Thereafter a cycle of alternating I) sampling step (data
collection and measurement) and 1I) diagnostic rule applica-
tion to the previous sample step I) is initiated. The sampling
step is typically performed every 15 minutes for one hour
after the treatment.

1) Sampling Step

a) A sample of expired air is taken and conveyed from
cannula 420 to capnograph 422.

b) The carbon dioxide concentration is measured continu-
ously by capnograph 422 as a capnogram.

¢) The capnogram is digitized as waveform and store for
analysis by computer 426.

d) Computer 426 marks onset and offset limits of the cap-
nogram.

¢) The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

i1) the breath-to-breath correlation must be greater than
0.85.

) The slope and the run are determined by computer 426.
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1) Diagnostic Rule Application Step

In a diagnostic rule application step, the following diag-
nostic rules are preferably applied to the measured param-
eters of [) Sampling step by computer 426:

DHIf

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal;

¢) CO, run is less than or equal to 0.3 sec;

d) CO, slope is more than or equal to 100 mm Hg/sec;

e) SPO, is greater than or equal to 95% SAT; and

f) ETCO, is less than or equal to 45 mm Hg;

then,

display 428 shows the message “NO BRONCHOSPASM
PRESENT.”

2) In contrast, if:

a) CO, run is greater than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

¢) SPO, is greater than or equal to 91% SAT, but less than
95% SAT; and

d) ETCO, is less than 45 mm Hg;

then,

the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 428.

3) If the parameters measured are yet further removed from
the acceptable range, such as if:

a) CAP-FEV1 is less than 50%;

b) SPO, is less than 91% SAT; and

¢) ETCO, is greater than 45 mm Hg;

then,

a message such as “SEVERE BRONCHOSPASM
PRESENT” is displayed on display 428.

At any one of the diagnostic rule application steps, it may
be verified that the patient is suffering from bronchospasm.
Once bronchospasm is verified, the operator switches capno-
graph 422 to a serial comparison mode. The medical team
applies the appropriate interventions to the patient to treat the
bronchospasm.

The following rule is preferably applied to the capnogram
by computer 426:

DHIE

a) the value of CAP-FEV 1 is less than 50%; and

b) the slope is less than 100 mm Hg/sec; and,

¢) the angle of rise of the carbon dioxide concentration is
less than a predetermined value in degrees;

then,

computer 426 displays a message on display 428: “POOR
RESPONSE TO TREATMENT: CONSIDER ADMISSION
TO HOSPITAL INTENSIVE CARE”

Reference is now made to FIGS. 27A and 27B, which are
simplified pictorial illustrations of an automatic medical
diagnostic and treatment system and methodology in an
ambulance environment for detecting the presence and sever-
ity of bronchospasm from an allergic reaction, gauging the
response to treatment and recommending disposition. As
seen in FIGS. 27A and 27B, a child complains of difficulty
breathing. The parent summons an ambulance and similarly
to that described hereinabove with reference to FIG. 9, in an
ambulance environment various patient physiologic activities
are sensed and measured, including respiratory physiologic
activities, preferably via an oral airway adapter and/or a nasal
or nasal/oral cannula 450, such as a Model Nasal FilterLine
Adult XS 04461, O,/CO, Nasal FilterLine Adult 007141, or
Smart CapnoLine Adult (Oral/nasal FilterLine) 007414,
commercially available from Oridion Ltd., of Jerusalem
Israel, typically coupled with a capnograph 452, such as a
Microcap, commercially available from Oridion Ltd., of
Jerusalem Israel. Other patient physiologic activities relatirig
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to cardiac function (e.g. ECG), systemic oxygenation (e.g.
pulse oximetry), cerebral oxygenation (e.g. cerebral oxim-
etry) and systemic circulation (e.g. NIBP), typically sensed
by means of chest electrodes 454, a finger sensor 456, a
forehead/scalp sensor 458 and a blood pressure cuff 460
respectively, may also be sensed and measured by suitable
instrumentation 462. Other patient physiologic activities
relating to cardiac function (e.g. ECG), cerebral perfusion
(e.g. CEREBRAL OXIMETRY), oxygenation (e.g. pulse
oximetry) and systemic circulation (e.g. NIBP), may also be
sensed and measured by suitable instrumentation 462.

The outputs of the capnograph 452 and preferably of addi-
tional instrumentation 462 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 464 having an associated display 466, which typically
analyzes the respiration parameter output of the capnograph
452 and preferably other physiologic activities and provides
an output which preferably contains a diagnostic statement
indicating the presence of lower airway obstruction, here
“ALERT: MODERATE BRONCHOSPASM PRESENT”.
The presence of bronchospasm definitively indicates lower
airway obstruction.

The patient is given breathing treatment, such as a beta
agonist nebulizer treatment and following such treatment
and/or in the course thereof, the physiologic activities of the
patient continue to be monitored. This monitoring is
employed by computer 464 to indicate the response to the
breathing treatment and the current status of the patient con-
dition. In the scenario of FIGS. 14A and 14B, the patient fails
to respond sufficiently to the breathing treatment and this is
indicated by a status change statement, here “POOR
RESPONSE TO TREATMENT, CONDITION CRITICAL”.
A treatment recommendation may also be provided, such as
“CONSIDER INTUBATION™.

Intubation is performed and correct initial tube placement
is confirmed followed by continuous monitoring of the physi-
ologic activities of the patient, which indicate current tube
position. In this scenario, where intubation is successful, a
status statement, here: “ADEQUATE CO, WAVEFORM-
TUBE IN TRACHEA” and a treatment recommendation,
here “SECURE TUBE” appear.

Following successful intubation, continuous monitoring
may provide a status statement such as “ADEQUATE CO,
WAVEFORM-TUBE IN TRACHEA-NO DISLOGE-
MENT”. If tube dislodgment occurs at any time following
intubation, a status statement would appear, such as “CO,
WAVEFORM ABSENT” preferably accompanied by a treat-
ment recommendation, such as “CHECK FOR TUBE DIS-
LOGEMENT”.

Preferably some or all of the outputs of computer 464 are
transmitted in a wireless manner by a transmitter 468, such as
via radio or a cellular telephone link, preferably to a dispatch
center or patient receiving facility.

Reference is now made additionally to FIG. 28, which
illustrates the operation of the system and methodology of the
system of the present invention in the context of FIGS. 27A
and 27B. FIG. 28 illustrates an example of the system and
methodology applied to assessing whether a patient has an
upper or lower airway obstruction, in the duration of the
patient being transferred by ambulance.

In the scenario described in FIGS. 27A and 27B herein-
above, it is presumed that the patient may be having an aller-
gic reaction. The operator switches capnograph 452 into an
assessing mode so as to enable an assessment to be made
whether and if the patient has an upper or a lower airway
disorder.
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The patient previously attached to a multi-parameter moni-
tor including a capnograph 452 and suitable instrumentation
462, by means of cannula 450 and preferably also by means of
chest electrodes 454, finger sensor 456 forehead sensor 458
and blood pressure cuff 460, is monitored continuously for at
least thirty seconds. Neurological status of the patient is
acquired by any suitable technique, including visual and elec-
troencephalograph (EEG) monitoring. Values of CO, concen-
tration, ECG, NIBP and (the percent saturation of the hemo-
globin molecule with oxygen) SPO, are continuously
monitored, and carbon dioxide waveforms are preferably
digitized as a capnogram 452 and together with other wave-
forms are stored in computer 464.

At least one expired air sample is collected and conveyed
for analysis by capnograph 452. The outputs of the capno-
graph 452 and possibly of additional instrumentation 462 are
preferably supplied to suitably programmed automatic diag-
nostic and treatment computer 464, having associated display
466, which typically analyzes the respiration parameter out-
put of the capnograph 452.

In an analyzing step, the onset and offset limits of a cap-
nogram 469, pulse waveforms, and the QRS complex (of the
ECG) are marked by computer 464. The actual parameters
measured include, but are not limited to heart rate (HR), BP,
the systolic to diastolic ratio (SYS/DIA). SPO,, AND
ETCO,. The slope of CO, (mm Hg/sec), and CO, “run”, of
the capnogram 469, measured to 80% of maximum CO,
concentration, are calculated by computer 464.

Following each treatment, the differences between con-
secutive measurements of the various patient parameters are
computed by computer 464. Thereafter, in a diagnostic rule
application step, the following diagnostic rules are preferably
applied to the measured parameters by computer 464:

DHIE

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal; and

¢) ETCO, is less than 45 mm Hg;

then,

display 466 shows the message “VITAL SIGNS
STABLE™.

2) In contrast, if:

DHIE

a) the blood pressure values are not within the normal
range;

b) the respiratory rate is not normal; and

¢) ETCO, is more than or equal to 45 mm Hg;

then,

display 466 shows the message “RESPIRATORY
IMPAIRMENT”.

Additionally, the following rules may also be applied:

3 I

a) CO, run is less than or equal to 0.3 sec; and

b) CO, slope is more than or equal to 100 mm Hg/sec;

then,

display 466 shows the message “NO BRONCHOSPASM
PRESENT: CONSIDER UPPER AIRWAY OBSTRUC-
TION”.

4 If:

a) CO, run is more than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

then,

display 466 shows the message “BRONCHOSPASM
PRESENT: CONSIDER LOWER AIRWAY OBSTRUC-
TION™.

The findings of the last stage are stored by computer 464
and/or transmitted via transmitter 468 to a dispatch/receiving
center, typically located at a hospital or medical center. A
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connection is established with the dispatch/receiving center,
and the data is forwarded thereto. A medical supervisor typi-
cally watches display of the received data, and consequen-
tially transmits the recommended treatment and/or transport
recommendations back to the ambulance.

After each time interval, the difference between consecu-
tive measures of each parameter are calculated by computer
464: Thereafter, the following monitoring rules are preferably
applied to the measured parameters by computer 464.

DI

a) the difference in the run values is greater than +0.1 sec;
and

b) the difference in the slope is more negative than —15 mm
Hg/sec; then,

computer 464 displays on display 466 “BRONCHO-
SPASM WORSENING”.

) If:

a) the difference in the run values is more negative than
-0.1 sec; and

b) the difference in the slope is more positive than +15 mm
Hg/sec;

then,

computer 464 displays on display 466 “BRONCHO-
SPASM IMPROVING”.

I

a) the difference in the run is greater or equal to 0.1 sec,
but less than or equal to +0.1 Sec; or

b) the difference in the slope is more than or equal to -15
mm Hg/sec and less than or equal to +15 mm Hg/sec;

then,

computer 464 displays on display 466 “BRONCHO-
SPASM UNCHANGED”.

The change in patient’s vital functional activities, includ-
ing SPO, and ETCO,, over the time interval are calculated by
computer 464.

4H1If:

a) the decrease in SPO, is more negative than -5% SAT; or

b) the increase in the ETCO, is more than +5 mm Hg;

then,

computer 184 displays on display 186 “VITAL SIGNS
DETERIORATING.”

5 If:

a) the increase in SPO, is more than +5% SAT; or

b) the decrease in the ETCO, is more than -5 mm Hg;

then,

computer 464 displays on display 466 “VITAL SIGNS
IMPROVING”.

6) If:

a) the change in SPQ, is greater than or equal to =5% SAT,
but less than or equal to +5% SAT, or

b) the change in the ETCO, is more than or equal to -5 mm
Hg, but less than or equal to +5 mm Hg;

then,

computer 464 displays on display 466 “VITAL SIGNS
UNCHANGED.”

Computer 464 preferably combines the results of these
monitoring rules to display an integrated display 466 such as

“BRONCHOSPASM  WORSENING; VITAL SIGNS
UNCHANGED.”

In a checking rule step, the following rule is preferably
applied:

1) A patient appears to be entering respiratory failure phase
if:

a) the SPO, is less than 90% SAT;

b) the respiratory rate is less than 8/min;

¢) ETCO, is greater than 60 mm Hg; and
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d) the patient’s neurological symptoms are qualified as
being “bad”;
then,

computer 464 displays “RESPIRATORY FAILURE;
CONDITION CRITICAL; CONSIDER INTUBATION.” on
display 466.

Following this, in an alert data transmission stage, a high
priority update is transmitted via transmitter 468 from com-
puter 464 to notify the dispatch/receiving centers of the sig-
nificant deterioration and change in the patient’s condition.

Once these changes in the patient’s condition have been
confirmed by an operator, the patient is consequentially intu-
bated according to standard techniques and capnograph 452
is activated in intubation monitoring mode by computer 464.
Once the successful intubation of the patient is verified by
data comparison of the patient’s capnogram and standardized
capnograms for intubation in computer 464, the computer
displays “MONITORING FOR INTUBATION”.

Thereafter, the following check rule is preferably applied
to the patient’s capnogram:

1.1f:

a) ETCO, is greater than 15 mm Hg;

then

computer 464 displays “GOOD WAVEFORM, TUBE IN
TRACHEA. CONFIRM AND SECURE TUBE.”

In the next step, the following monitoring rules are prefer-
ably applied to the patient’s capnogram:

DHIE

a) the value of ETCO, is greater than 15 mm Hg;

then,

computer 214 displays “MONITORING TUBE POSI-
TION: NO DISLODGEMENT” on display 216.

) If:

a) the value of ETCO, is less than or equal to 15 mm Hg; or

b) there is a loss of the waveform;

then,

computer 464 displays “ALERT: CHECK FOR TUBE
DISLODGEMENT” on display 466.

Computer 464 transmits the data monitored via transmitter
468 to the receiving center. The receiving center periodically
receives updates of the patient’s condition, who is in the
ambulance en route to the hospital, in order to prepare in the
most fitting and efficient transfer of the patient upon arrival to
the hospital.

A copy of the patient’s record is handed off from computer
464 via transmitter 468 to the receiving center, for example, in
the form of a chart. Typically, the receiving center stores this
chart, so that it may be used as a baseline for continued
monitoring of the patient.

Reference is now made to FIG. 29, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology in an ambulance environ-
ment for distinguishing between upper airway obstruction
and lower airway obstruction, such as distinguishing between
asthma and croup, bronchiolitis and croup, and allergic reac-
tions affecting the upper or lower airways. As seen in F1G. 29,
a person complains of difficulty breathing. An ambulance is
summoned and similarly to that described hereinabove with
reference to FIG. 17, in an ambulance environment various
patient physiologic activities are sensed and measured,
including respiratory physiologic activities, preferably via an
oral airway adapter and/or a nasal or nasal/oral cannula 470,
such as a Model Nasal FilterLine Adult XS 04461, O,/CO,
Nasal FilterLine Adult 007141, or Smart CapnoLine Adult
(Oral/nasal FilterLine) 007414, commercially available from
Oridion Ltd., of Jerusalem Israel, typically coupled with a
capnograph 472, such as a Microcap, commercially available
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from Oridion Ltd., of Jerusalem Israel. Other patient physi-
ologic activities relating to cardiac function (e.g. ECG), sys-
temic oxygenation (e.g. pulse oximetry), cerebral oxygen-
ation (e.g. cerebral oximetry) and systemic circulation (e.g.
NIBP), typically sensed by means of chest electrodes 474, a
finger sensor 476, a forehead/scalp sensor 478 and a blood
pressure cuff 480 respectively. may also be sensed and mea-
sured by suitable instrumentation 482. Other patient physi-
ologic activities relating to cardiac function (e.g. ECG), cere-
bral perfusion (e.g. CEREBRAL OXIMETRY), oxygenation
(e.g. pulse oximetry) and systemic circulation (e.g. NIBP),
may also be sensed and measured by suitable instrumentation
482.

The outputs of the capnograph 472 and preferably of addi-
tional instrumentation 482 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 484 having an associated display 486, which typically
analyzes the respiration parameter output of the capnograph
472 and preferably other physiologic activities and provides
an output which preferably contains a diagnostic statement
differentiating upper airway obstruction from lower airway
obstruction, here “ELEVATED RESPIRATORY RATE. NO
BRONCHOSPASM PRESENT”. The absence of broncho-
spasm in this scenario strongly suggests upper airway
obstruction.

The patient is given an intravenous or intra-muscular medi-
cation, such as adrenaline, and following such treatment and/
or in the course thereof, the physiologic activities of the
patient continue to be monitored. This monitoring is
employed by computer 484 to indicate the response to the
treatment and the current status of the patient condition. In the
scenario of FIG. 29, the patient responds to the treatment and
this is indicated by a status change statement. here “CONDI-
TION STABLE”. Preferably some or all of the outputs of
computer 484 are transmitted in a wireless manner by a trans-
mitter 488, such as via radio or a cellular telephone link,
preferably to a dispatch center or patient receiving facility.

Reference is now made additionally to FIG. 30, which
illustrates the operation of the system and methodology of the
system of the present invention in the context of FIG. 29. The
patient is treated in an ambulance environment as is described
hereinabove in FIG. 29, and the patient is being assessed to
see whether his/her upper or lower airway is obstructed. The
methodology illustrates the case where an upper obstruction
is found.

In the scenario described in FIG. 29 hereinabove, it is
presumed that the patient may be having an allergic reaction.
The operator switches capnograph 452 into an assessing
mode so as to enable an assessment to be made whether and
if the patient has an upper or a lower airway disorder.

The patient previously attached to a multi-parameter moni-
tor including a capnograph 472 and suitable instrumentation
482, by means of cannula 470 and preferably also by means of
chest electrodes 474, finger sensor 476, forehead sensor 478
and blood pressure cuff 480, is monitored continuously for at
least thirty seconds. Neurological status of the patient is
acquired by any suitable technique, including visual and elec-
troencephalograph (EEG) monitoring. Values of CO, concen-
tration, ECG, NIBP and SPO, are continuously monitored,
and carbon dioxide waveforms are preferably digitized as a
capnogram 472 and together with other waveforms are stored
in computer 484.

At least one expired air sample is collected and conveyed
for analysis by capnograph 472. The outputs of the capno-
graph 472 and possibly of additional instrumentation 482 are
preferably supplied to suitably programmed automatic diag-
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nostic and treatment computer 484, having associated display
486, which typically analyzes the respiration parameter out-
put of the capnograph 472.

In an analyzing step, the onset and offset limits of a cap-
nogram 489, pulse waveforms, and the QRS complex (of the
ECG) are marked by computer 484. The actual parameters
measured include, but are not limited to heart rate (HR), BP,
the systolic to diastolic ratio (SYS/DIA). SPO,, AND
ETCO,. The slope of CO, (mm Hg/sec), and CO, “run”, of
the capnogram 489, measured to 80% of maximum CO,
concentration, are calculated by computer 484.

Following each treatment, the differences between con-
secutive measurements of the various patient parameters are
computed by computer 484. Thereafter. in a diagnostic rule
application step, the following diagnostic rules are preferably
applied to the measured parameters by computer 484:

DIE

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal; and

¢) ETCO, is less than 45 mm Hg;

then,

display 486 shows the message “VITAL SIGNS
STABLE”.

2) In contrast, if:

DIE

a) the blood pressure values are not within the normal
range;

b) the respiratory rate is not normal; and

¢) ETCO, is more than or equal to 45 mm Hg;

then,

display 486 shows the message “RESPIRATORY
IMPAIRMENT”.

Additionally, the following rules may also be applied:

IHIE

a) CO, run is less than 0.3 sec;

b) CO, slope is more than 100 mm Hg/sec;

then,

display 486 shows the message “NO BRONCHOSPASM
PRESENT”.

4 If:

a) CO, run is more than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

then,

display 486 shows the message “BRONCHOSPASM
PRESENT: CONSIDER LOWER AIRWAY OBSTRUC-
TION™.

The findings of the last stage are stored by computer 484
and/or transmitted via transmitter 488 to a dispatch/receiving
center, typically located at a hospital or medical center. A
connection is established with the dispatch/receiving center,
and the data is forwarded thereto. A medical supervisor typi-
cally watches display of the received data, and consequen-
tially transmits the recommended treatment and/or transport
recommendations back to the ambulance.

A copy of the patient’s record is handed off from computer
464 via transmitter 488 to the receiving center, for example, in
the form of a chart. Typically, the receiving center stores this
chart, so that it may be used as a baseline for continued
monitoring of the patient.

Reference is now made to FIG. 31, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology for distinguishing
between heart failure and emphysema in a scenario in which
heart failure is present. As seen in FIG. 31, various patient
physiologic activities are sensed and measured, including
respiratory physiologic activities, preferably via an oral air-
way adapter and/or a nasal or nasal/oral cannula 500, such as
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a Model Nasal FilterLine Adult XS 04461, O,/CO, Nasal
FilterLine Adult 007141, or Smart CapnoLine Adult (Oral/
nasal. FilterLine) 007414, commercially available from
Oridion Ltd., of Jerusalem Israel, typically coupled with a
capnograph 502, such as a Microcap®, commercially avail-
able from Oridion Ltd., of Jerusalem Israel. Other patient
physiologic activities relating to cardiac function (e.g. ECG),
systemic oxygenation (e.g. pulse oximetry), cerebral oxygen-
ation (e.g. cerebral oximetry) and systemic circulation (e.g.
NIBP), typically sensed by means of chest electrodes 504, a
finger sensor 506, a forehead/scalp sensor 508 and a blood
pressure cuff 510 respectively. may also be sensed and mea-
sured by suitable instrumentation 512.

The outputs of the capnograph 502 and possibly of addi-
tional instrumentation 512 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 514, having an associated display 516 which typically
analyzes the respiration parameter output of the capnograph
517 and possibly other parameters and provides an output
which preferably contains a diagnostic statement differenti-
ating heart failure from emphysema, here “ABNORMAL
CO, WAVEFORM CONSISTENT WITH MODERATE
CONGESTIVE HEART FAILURE”.

This diagnostic statement indicates that treatment is
required for heart failure rather than for emphysema. Intra-
venous and/or sublingual medications such as nitroglycerin,
morphine and LASIX® are administered after which a diag-
nostic statement which indicates the patient status and the
severity of the cardio-respiratory condition is preferably pre-
sented, here “MILD CONGESTIVE HEART FAILURE,
CONDITION IMPROVING”

Reference is now madeadditionally to FIGS. 32A and 32B,
which illustrate the operation of the system and methodology
of the system of the present invention in the context of FIG.
31. The patient is treated in an ambulance environment as is
described hereinabove in FIG. 15, and the patient is being
assessed to see whether his’/her upper or lower airway is
obstructed. The methodology illustrates the case where an
upper obstruction is found.

In the scenario described in FIG. 31 hereinabove, it is
presumed that the patient may be suffering from either
emphysema or a heart failure in an ambulance. It is shown
hereinbelow how the patient is diagnosed as having a heart
failure.

The patient, previously attached to a multi-parameter
monitor including a capnograph 502 and suitable instrumen-
tation 512, by means of cannula 500 and preferably also by
means of chest electrodes 504, finger sensor 506, forehead
sensor 508 and blood pressure cuff 510, is monitored con-
tinuously for at least thirty seconds. Neurological status of the
patient is acquired by any suitable technique, including visual
and electroencephalograph (EEG) monitoring. Values of CO,
concentration, ECG, NIBP and SPQ, are continuously moni-
tored, and carbon dioxide waveforms are preferably digitized
as a capnogram 517 and together with other waveforms are
stored in computer 514.

At least one expired air sample is collected and conveyed
for analysis by capnograph 472. The outputs of the capno-
graph 502 and possibly of additional instrumentation 512 are
preferably supplied to suitably programmed automatic diag-
nostic and treatment computer 514, having associated display
516, which typically analyzes the respiration parameter out-
put of the capnograph 502.

In an analyzing step, the onset and offset limits of a cap-
nogram 517, pulse waveforms, and the QRS complex (of the
ECG) are marked by computer 514. The actual parameters
measured include, but are not limited to heart rate (HR), BP,

10

15

20

25

30

35

40

45

50

55

60

65

72
the systolic to diastolic ratio (SYS/DIA). SPO,, AND
ETCO,. The slope of CO, (mm Hg/sec), and CO, “run”, of
the capnogram 517, measured to 80% of maximum CO,
concentration, are calculated by computer 514.

Following each treatment, the differences between con-
secutive measurements of the various patient parameters are
computed by computer 514. Thereafter, in a diagnostic rule
application step, the following diagnostic rules are preferably
applied to the measured parameters by computer 514:

HIE

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal; and

¢) ETCO, is less than 45 mm Hg;

then, display 516 shows the message “VITAL SIGNS
WITHIN NORMAL LIMITS”.

2) In contrast, if:

a) the value of Diminished CAP-FEV1 is a 40:10 point
ratio; and,

b) Normal CAP-FEVI/FVC (FORCED VITAL CAPAC-
ITY);

¢) CO, run is less than 0.3 sec;

d) CQO, slope is more than 100 mm Hg/sec;

then,

display 516 shows the message “HEART FAILURE
PRESENT”.

Additionally, if a heart failure is present then the following
rules may also be applied:

IHIE

a) the value of CAP-FEV1 is less than 80%;

then

display 516 shows the message “MODERATE HEART
FAILURE PRESENT”.

4 If:

a) the value of CAP-FEV1 is less than 80%,

b) the value of SPO, is less than 91% SAT; and

c) the value of ETCO, is less than 45 mm Hg;

then,

display 516 shows the message “SEVERE HEART FAIL-
URE PRESENT”.

Thereafter a cycle of alternating I) sampling step (data
collection and measurement) and 1I) diagnostic rule applica-
tion to the previous sample step I) is initiated.

1) Sampling Step

a) A sample of expired air is taken and conveyed from
cannula 500 to capnograph 502.

b) The carbon dioxide concentration is measured continu-
ously by capnograph 502 as capnogram 517.

¢) The capnogram is digitized as waveform and store for
analysis by computer 514.

d) Computer 514 marks onset and offset limits of the cap-
nogram.

e) The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

ii) the breath-to-breath correlation must be greater than
0.85.

) The slope and the run are determined by computer 514.

1) Diagnostic Rule Application Step

In a diagnostic rule application step, the following diag-
nostic rules are preferably applied to the measured param-
eters of I) Sampling step by computer 514:

D If:

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal;

¢) CO, run is less than or equal to 0.3 sec;

d) CO, slope is more than or equal to 100 mm Hg/sec;
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e) SPO, is greater than or equal to 95% SAT; and

) ETCO, is less than or equal to 45 mm Hg;

then,

display 516 shows the message “NO HEART FAILURE
PRESENT”

) If:

a) the value of CAP-FEV1 is more than 50%, but less than
or equal to 80%; and

b) the value of SPO, is greater or equal to 91% SAT but less
than 95% SAT;

then

display 516 shows the message “. MODERATE HEART
FAILURE PRESENT”.

I

a) the value of CAP-FEV1 is less than 80%;

b) the value of SPO, is less than 91% SAT; and

¢) the value of ETCO, is less than 45 mm Hg;

then,

display 516 shows the message “SEVERE HEART FAIL-
URE PRESENT”.

Reference is now made to FIG. 33, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology operative in an ambu-
lance environment for treating pulmonary edema. As seen in
FIG. 33, various patient physiologic activities are sensed and
measured, including respiratory physiologic activities, pref-
erably via an oral airway adapter and/or a nasal or nasal/oral
cannula 550, such as a Model Nasal FilterLine Adult XS
04461, 02/CO, Nasal FilterLine Adult 007141, or Smart Cap-
noLine Adult (Oral/nasal FilterLine) 007414, commercially
available from Oridion Ltd., of Jerusalem Israel, typically
coupled with a capnograph 552, such as a Microcap, com-
mercially available from Oridion Ltd., of Jerusalem Israel.
Other patient physiologic activities relating to cardiac func-
tion (e.g. ECG), systemic oxygenation (e.g. pulse oximetry),
cerebral oxygenation (e.g. cerebral oximetry) and systemic
circulation (e.g. NIBP), typically sensed by means of chest
electrodes 554, a finger sensor 556, a forehead/scalp sensor
558 and a blood pressure cuff 560 respectively, may also be
sensed and measured by suitable instrumentation 562.

The outputs of the capnograph 552 and possibly of addi-
tional instrumentation 562 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 564, having an associated display 566 which typically
analyzes the respiration parameter output of the capnograph
552 and possibly other parameters and provides an output
which preferably contains a diagnostic statement indicating
the presence and severity of congestive heart failure, here
“ABNORMAL CO, WAVEFORM CONSISTENT WITH
SEVERE CONGESTIVE HEART FAILURE”.

This diagnostic statement indicates that treatment is
required for heart failure. Intravenous and/or sublingual
medications such as nitroglycerin, morphine and LASIX R
are administered after which a diagnostic statement which
indicates the patient status and the severity of the cardio-
respiratory condition is preferably presented, here “MODER-
ATE CONGESTIVE HEART FAILURE, CONDITION
IMPROVING”.

Reference is now made additionally to FIGS. 34A and 34B,
which illustrate the operation of the system and methodology
of the system of the present invention in the context of FIG.
33.

The patient previously attached to a multi-parameter moni-
tor including a capnograph 552 and suitable instrumentation
562, by means of cannula 550 and preferably also by means of
chest electrodes 554, finger sensor 556, forehead sensor 558
and blood pressure cuff 560, is monitored continuously for at
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least thirty seconds. Neurological status of the patient is
acquired by any suitable technique, including visual and elec-
troencephalograph (EEG) monitoring. Values of CO, concen-
tration, ECG, NIBP, SPO,, and cerebral oximetry are con-
tinuously monitored, and carbon dioxide waveforms are
preferably digitized as a capnogram 567 and together with
other waveforms are stored in computer 564.

At least one expired air sample is collected and conveyed
for analysis by capnograph 552. The outputs of the capno-
graph 552 and possibly of additional instrumentation 562 are
preferably supplied to suitably programmed automatic diag-
nostic and treatment computer 564, having associated display
566, which typically analyzes the respiration parameter out-
put of the capnograph 552.

In an analyzing step, the onset and offset limits of a cap-
nogram 567, pulse waveforms, and the QRS complex (of the
ECG) are marked by computer 564. The actual parameters
measured include, but are not limited to heart rate (HR), BP,
the systolic to diastolic ratio (SYS/DIA). SPO,, AND
ETCO,. The slope of CO, (mm Hg/sec), and CO, “run”, of
the capnogram 567, measured to 80% of maximum CO,
concentration, are calculated by computer 564.

Following each treatment, the differences between con-
secutive measurements of the various patient parameters are
computed by computer 564. Thereafter, in a diagnostic rule
application step, the following diagnostic rules are preferably
applied to the measured parameters by computer 564:

DHIE

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal; and

¢) ETCO, is less than 45 mm Hg;

then,

display 566 shows the message “VITAL SIGNS WITHIN
NORMAL LIMITS”.

2) In contrast, if:

a) the value of Diminished CAP-FEV1 is a 40:10 point
ratio;

b) Normal CAP-FEV/FVC,

¢) CO, run is less than 0.3 sec; and,

d) CO, slope is more than 100 mm Hg/sec;

then,

display 566 shows the message “BRONCHOSPASM IS
PRESENT”.

Additionally, if bronchospasm is present then the follow-
ing rules may also be applied:

3HIE

a) the value of CAP-FEV1 is less than 80%;

then

display 566 shows the message “MODERATE BRON-
CHOSPASM IS PRESENT”.

4 If:

a) the value of CAP-FEV1 is less than §0%;

b) the value of SPO, is less than 91% SAT; and

c) the value of ETCO, is less than 45 mm Hg;

then,

display 566 shows the message “SEVERE BRONCHO-
SPASM PRESENT™.

Thereafter a cycle of alternating. I) sampling step (data
collection and measurement) and 1I) diagnostic rule applica-
tion to the previous sample step I) is initiated:

1) Sampling Step

a) A sample of expired air is taken and conveyed from
cannula 550 to capnograph 552.

b) The carbon dioxide concentration is measured continu-
ously by capnograph 552 as capnogram 567.

¢) The capnogram is digitized as waveform and store for
analysis by computer 564.
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d) Computer 564 marks onset and offset limits of the cap-
nogram.

¢) The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg: and

i) the breath-to-breath correlation must be greater than
0.85.

) The slope and the run are determined by computer 564.

1I) Diagnostic Rule Application Step

In a diagnostic rule application step, the following diag-
nostic rules are preferably applied to the measured param-
eters of T) Sampling step by computer 564:

DIf:

a) the blood pressure values are within the normal range;

b) the respiratory rate is normal;

¢) CO, run is less than or equal to 0.3 sec;

d) CO, slope is more than or equal to 100 mm Hg/sec;

e) SPO, is greater than or equal to 95% SAT; and

) ETCO, is less than or equal to 45 mm Hg;

then,

display 566 shows the message “NO BRONCHOSPASM
PRESENT”

2) In contrast, ift

a) CO, run is greater than 0.3 sec;

b) CO, slope is less than 100 mm Hg/sec;

¢) SPO, is more than or equal to 91% SAT, but less than
95% SAT; and

d) ETCO, is less than 45 mm Hg;

then,

the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 566.

3) If the parameters measured are yet further removed from
the acceptable range, such as if:

a) CAP-FEV1 is less than 50%;

b) SPO, is less than 91% SAT; and

¢) ETCO, is greater than 45-mm Hg;

then,

a message such as “SEVERE BRONCHOSPASM
PRESENT” is displayed on display 566.

At any one of the diagnostic rule application steps, it may
be verified that the patient is suffering from bronchospasm.
Once bronchospasm is verified, the operator switches capno-
graph 552 to a serial comparison mode. The medical team
applies the appropriate interventions to the patient to treat the
bronchospasm.

Reference is now made to FIG. 35, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology operative in a hospital or
EMS environment for diagnosing and treating respiratory
failure. As seen in FIG. 35, various patient physiologic activi-
ties are sensed and measured, including respiratory physi-
ologic activities, preferably via an oral airway adapter and/or
a nasal or nasal/oral cannula 570, such as a Model Nasal
FilterLine Adult XS 04461, 02/CO,Nasal FilterLine Adult
007141, or Smart Capnoline Adult (Oral/nasal FilterLine)
007414, commercially available from Oridion Ltd., of Jerusa-
lem Israel, typically coupled with a capnograph 572, such as
a Microcap, commercially available from Oridion Ltd., of
Jerusalem Israel. Other patient physiologic activities relating
to cardiac function (e.g. ECG), systemic oxygenation (e.g.
pulse oximetry), cerebral oxygenation (e.g. cerebral oxim-
etry) and systemic circulation (e.g. NIBP), typically sensed
by means of chest electrodes 574, a finger sensor 576, a
forehead/scalp sensor 578 and a blood pressure cuff 580
respectively, may also be sensed and measured by suitable
instrumentation 582.
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Following intubation of the patient and prior to securing
the tube, the outputs of the capnograph 572 and possibly of
additional instrumentation 582 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 584, having an associated display 586 which typi-
cally analyzes the respiration parameter output of the capno-
graph 572 and possibly other parameters and provides an
output which preferably contains a diagnostic statement indi-
cating proper intubation, here “TUBE IN TRACHEA”.

The system determines whether characteristics of the cap-
nograph waveform amplitude are normal. If the CO, levels as
indicated by the capnograph waveform amplitude are below
normal a diagnostic statement indicating right mainstem
bronchus intubation is presented, here “ABNORMAL
WAVEFORM, CHECK FOR RIGHT MAINSTEM BRON-
CHUS INTUBATION™.

Following repositioning of the tube, the system provides a
patient status statement, here “WAVEFORM NORMAL-
IZED, TUBE IN TRACHEA.

Reference is now made additionally to FIG. 36, which
illustrates the operation of the system and methodology of the
system of the present invention in the context of FIG. 35.

The patient in an ambulance, preferably attached to a
multi-parameter monitor including capnograph 572, is moni-
tored continuously for at least 30 seconds. Expired air is
collected via cannula 570 and is conveyed to the capnograph
572.

Values of the CO, concentration is continuously measured,
typically over a period of 30 seconds, and carbon dioxide
waveforms are preferably digitized as a capnogram and
together with other waveforms are stored on computer 584.

The onset and offset limits of the patient’s capnogram from
capnograph 572 are delineated by computer 584.

The waveform quality of the capnogram 587 is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 1 mm Hg; and

ii) the breath-to-breath correlation must be greater than
0.85.

Ifthe quality is unacceptable, further samples are collected
until a sample of acceptable quality, according to the above
two criteria, is taken.

The next step entails a checking procedure, wherein the
ETCO, value is measured by capnograph 572. The slope and
run values of the capnogram from capnograph 572 are deter-
mined by computer 584.

At startup, the following checking rule is preferably
applied.

DHIE

a) the ETCO, value is more than 15 mm Hg;

then,

a display is provided by computer 584 stating “GOOD
WAVEFORM, TUBE IN TRACHEA”.

In a checking step, repeated checks for abnormal wave-
form shape of capnogram 587. The following rules are pref-
erably applied to the capnogram shape:

1)if:

a) an abnormal waveform shape is observed,

then,

computer 584 displays “TUBE IMPROPERLY POSI-
TIONED: CHECK FOR RIGHT MAINSTEM INTUBA-
TION” on display 586.
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) If:
a) a normal waveform shape is observed;
then,

computer 584 displays “TUBE PROPERLY POSI-
TIONED: CONFIRM BREATH SOUNDS AND SECURE
TUBE” on display 586.

When tube is secure as is confirmed by an operator, the
operator typically inputs a code into computer 584 to activate
an intubation monitoring mode in capnograph 572. The cap-
nogram is monitored continuously for loss of signal. Loss of
signal from capnograph 572 is indicative of the tube having
slipped away from the trachea. As long as there is a regular
signal, computer 584 displays “MONITORING INTUBA-
TION” on display 586.

Reference is now made to FIG. 37, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology operative in a hospital
environment for diagnosing and treating pulmonary embo-
lism. As seen in F1G. 37, various patient physiologic activities
are sensed and measured, including respiratory physiologic
activities, preferably via an oral airway adapter and/or a nasal
or nasal/oral cannula 600, such as a Model Nasal FilterLine
Adult XS 04461, O,/CO,, Nasal FilterLine Adult 007141, or
Smart CapnoLine Adult (Oral/nasal FilterLine) 007414,
commercially available from Oridion Ltd., of Jerusalem
Israel, typically coupled with a capnograph 602, such as a
Microcap, commercially available from Oridion Ltd., of
Jerusalem Israel. Other patient physiologic activities relating
to cardiac function (e.g. ECG), systemic oxygenation (e.g.
pulse oximetry), cerebral oxygenation (e.g. cerebral oxim-
etry) and systemic circulation (e.g. NIBP), typically sensed
by means of chest electrodes 604, a finger sensor 606, a
forehead/scalp sensor 608 and a blood pressure cuff 610
respectively, may also be sensed and measured by suitable
instrumentation 612.

The outputs of the capnograph 602 and possibly of addi-
tional instrumentation 612 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 614, having an associated display 616 which typically
analyzes the respiration parameter output of the capnograph
602 and possibly other parameters and provides an output
which preferably contains a diagnostic statement alerting
hospital staff to the possible presence of pulmonary embo-
lism. A typical such statement is “ALERT: ABNORMAL
WAVEFORM CONSISTENT WITH PULMONARY
EMBOLISM”. Following intravenous medication for dis-
solving blood clots in the lungs, the system determines
whether characteristics of the CO, waveform amplitude and
shape are approaching normal and preferably provides a
patient status statement, here “WAVEFORM NORMALIZ-
ING, GOOD RESPONSE TO TREATMENT”.

Reference is now made additionally to FIG. 38, which
illustrates the operation of the system and methodology of the
system of the present invention in the context of FIG. 37.

The patient, preferably attached to a multi-parameter
monitor including capnograph 602 and instrumentation 612,
by means of cannula 600 and preferably also by means of
chest electrodes 604, finger sensor 606, scalp/forehead sensor
608 and blood pressure cuff 610, is monitored continuously.
The neurological status of the patient is acquired by any
suitable technique. Values of CO, concentration, ECG, NIBP
and SPO, are continuously measured, typically over a period
of 30 seconds, and carbon dioxide waveforms are preferably
digitized as a capnogram 617 and other waveforms and stored
by computer 614.

Thereafter, the onset and offset limits of the capnogram, the
pulse waveform and QRS onset and offset are determined by
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computer 614. The heart rate, blood pressure ETCO, and
SPQ, values are measured. The initial slope of the capnogram
and the run, monitored by capnograph 602, are calculated by
computer 614. Additionally, neurological findings, moni-
tored by means of an EEG are inputted to computer 614.

At various intervals, the differences between consecutive
measurements of the various patient parameters are evaluated
by computer 614. After each treatment, in a diagnostic rule
application step, the following diagnostic rule is preferably
applied to the measured parameters by computer 614:

DHIE

a) the heart rate is greater than 100/min;

b) the SPQ, is less than 90% SAT;

¢) the EtCO, is less than 35 mm Hg;

d) theamplitude (area under curve) of the CO, waveform is
less than a predetermined value;

e) the ECG is normal; and

1) the respiratory rate is greater than 15/min;

display 616 shows the message “ALERT: VITAL SIGNS
CONSISTENT WITH ACUTE PULMONARY EMBO-
LISM™.

After each time interval, the difference between consecu-
tive measures of each parameter are calculated by computer
614: Thereafter, the following monitoring rules are preferably
applied to the measured parameters by computer 614.

DIf

a) the decrease in the SPO, values is greater than —5% SAT;
or

b) the difference in the ETCO, slope is greater than +5 mm
Hg;

then,

computer 614 displays on display 616 “PATIENT STA-
TUS: DETERIORATING”.

) If:

a) the increase in the SPO, values is greater than +5% SAT;
or

b) the difference in the ETCO, slope is more than -5 mm
Hg;

then,

computer 614 displays on display 616 “PATIENT STA-
TUS:IMPROVING”.

3 I

a) the difference in the SPO, values is more positive than or
equal to =5% SAT, but less than or equal to +5%; or

b) the difference in the ETCO, slope greater than or equal
to =5 mm Hg, but less than or equal to +5 mm Hg;

then,

computer 614 displays on display 616 “PATIENT STA-
TUS:UNCHANGED.

Following the monitoring stage, the following exitrules are
preferably applied to the measured parameters of the patient
by computer 232:

DIf:

a) the ECG values are within normal limits;

b) the respiratory rate is within normal limits;

¢) the heart rate is within normal limits;

d) the SPO, value is greater than 95% SAT; and

e) the ETCO, value is less than 45 mm Hg;

then,

Computer 614 preferably displays on display 616 “VITAL
SIGNS STABLE”.

(If the patient’s record complies with this exit rule, then a
copy of the patient’s record is handed-off from computer 616
to the receiving center, for example, in the form of a chart.
Typically, the receiving center stores this chart, so that it may
be used as a baseline for continued monitoring of the patient).
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Reference is now made to FIGS. 39A and 39B, which are
simplified pictorial illustrations of an automatic medical
diagnostic and treatment system and methodology operative
in a hospital environment for determining correct placement
of a nasogastric tube in a patient. As seen in FIGS. 39A and
39B, following insertion of a nasogastric tube in a patient,
various patient physiologic activities are sensed and mea-
sured, including respiratory physiologic activities, preferably
via an oral airway adapter and/or a nasal or nasal/oral cannula
630, such as a Model Nasal FilterLine Adult XS 04461,
0,/CO, Nasal FilterLine Adult 007141, or Smart CapnoLine
Adult (Oral/nasal FilterLine) 007414, commercially avail-
able from Oridion Ltd., of Jerusalem Israel, typically coupled
with a capnograph 632, such as a Microcap, commercially
available from Oridion [td., of Jerusalem Israel. Other
patient physiologic activities relating to cardiac function (e.g.
ECG), systemic oxygenation (e.g. pulse oximetry), cerebral
oxygenation (e.g. cerebral oximetry) and systemic circulation
(e.g. NIBP), typically sensed by means of chest electrodes
634, a finger sensor 636, a forchead/scalp sensor 638 and a
blood pressure cuff 640 respectively, may also be sensed and
measured by suitable instrumentation 642.

The outputs of the capnograph 632 and possibly of addi-
tional instrumentation 642 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 644, having an associated display 646 which typically
analyzes the respiration parameter output of the capnograph
632 and possibly other parameters and provides an output
which preferably contains a status statement alerting hospital
staff to the possible misplacement of the nasogastric tube. A
typical such statement is, “NASOGASTRIC (NG) TUBE IN
LUNG”. This status statement is preferably accompanied by
a treatment recommendation: here “REPOSITION NASO-
GASTRIC TUBE”. Following repositioning of the nasogas-
tric tube, a status statement confirming proper placement is
preferably provided, here “NASOGASTRIC TUBE IN
STOMACH?”. This statement is preferably accompanied by a
treatment recommendation, here “SECURE TUBE”.

Reference is now made additionally to FIG. 40, which
illustrates the operation of the system and methodology of the
system of the present invention in the context of FIGS. 39A
and 39B.

The patient, preferably attached to a multi-parameter
monitor including capnograph 632, is monitored continu-
ously for at least 30 seconds. Expired air is collected via
cannula 630 and is conveyed to the capnograph 632.

Values of the CO, concentration is continuously measured,
typically over a period of 30 seconds, and carbon dioxide
waveforms are preferably digitized as a capnogram 647 and,
together with other waveforms, is stored on computer 644.

The onset and offset limits of the patient’s capnogram from
capnograph 632 are delineated by computer 644.

The waveform quality of the capnogram 647 is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 1 mm Hg; and

i1) the breath-to-breath correlation must be greater than
0.85.

Ifthe quality is unacceptable, further samples are collected
until a sample of acceptable quality, according to the above
two criteria, is taken.

The next step entails a checking procedure, wherein the
ETCO, value is measured by capnograph 632. The slope and
run values of the capnogram from capnograph 632 are deter-
mined by computer 644.
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The following checking rules are preferably applied.

DHIE

a) the ETCO, value is less than or equal to 15 mm Hg; or

b) there is a loss of the waveform of capnogram 647,

then,

adisplay is provided by computer 644 stating “NO WAVE-
FORM PRESENT, NG TUBE NOT IN TRACHEA”.

2)If:

a) the ETCO, value is more than or equal to 15 mm Hg; or

b) profile of exhaled gas is detected as a waveform of
capnogram 647;

then,

a display is provided by computer 644 stating “CO,
DETECTED, NG TUBE IN TRACHEA.”

Reference is now made to FIG. 41, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology operative in a hospital
environment for determining the presence of acute myocar-
dial infarction in a patient. As seen in FIG. 41, following a
patient complaint of chest pains, various patient physiologic
activities are sensed and measured, including respiratory
physiologic activities, preferably via an oral airway adapter
and/or a nasal or nasal/oral cannula 650, such as a Model
Nasal FilterLine Adult XS 04461, O,/CO, Nasal FilterLine
Adult 007141, or Smart CapnoLine Adult (Oral/nasal-Filter-
Line) 007414, commercially available from Oridion Ltd., of
Jerusalem Israel, typically coupled with a capnograph 652,
such as a Microcap, commercially available from Oridion
Ltd., of Jerusalem Israel. Other patient physiologic activities
relating to cardiac function (e.g. ECG), systemic oxygenation
(e.g. pulse oximetry), cerebral oxygenation (e.g. cerebral
oximetry) and systemic circulation (e.g. NIBP), typically
sensed by means of chest electrodes 654, a finger sensor 656,
a forehead/scalp sensor 658 and a blood pressure cuff 660
respectively, may also be sensed and measured by suitable
instrumentation 662.

The outputs of the capnograph 652 and possibly of addi-
tional instrumentation 662 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 664, having an associated display 666 which typically
analyzes the respiration parameter output of the capnograph
652 and possibly other parameters and provides an output
which preferably contains a diagnostic statement alerting
hospital staff to the possibility of occurrence of acute myo-
cardial infarction. A typical such statement is “VITAL
SIGNS CONSISTENT WITH HEART ATTACK. CONDI-
TION CRITICAL”. Following sublingual and/or intravenous
administration of a medicament such as nitroglycerin and
morphine, a patient status statement is preferably provided,
here “GOOD RESPONSE TO TREATMENT. CONDITION
IMPROVING”.

Reference is now made additionally to FIG. 42, which
illustrates the operation of the system and methodology of the
system of the present invention in the context of FIG. 41.

The patient, preferably attached to a multi-parameter
monitor including capnograph 652 and suitable instrumenta-
tion 662, by means of cannula 650 and preferably also by
means of chest electrodes 654, finger sensor 656, forehead/
scalp sensor 658, and blood pressure cuff 660, is monitored
continuously. The neurological status of the patient is
acquired by any suitable technique. Values of CO, concentra-
tion, HR, BP (SYS/DIA) ECG, NIBP and SPO, are continu-
ously measured, typically over a period of —30 seconds, and
carbon dioxide waveforms are preferably digitized as a cap-
nogram 667 and other waveforms and stored on computer
664.
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Thereafter, the onset and offset limits of the capnogram, the
pulse waveform and QRS onset and offset are determined by
computer 664. The initial slope of the capnogram and the run
are determined and stored in computer 664.

At various intervals, the differences between consecutive
measurements of the various patient parameters are evaluated
by computer 664. After each treatment, in a diagnostic rule
application step, the following diagnostic rules are preferably
applied to the measured parameters by computer 664:

DIf:

a) there is a localized elevation in the ST segment in the
ECG; and

b) the ETCO, is declining at least by 2 mm Hg/min over
five minutes;

then,

display 666 shows the message “ACUTE MYOCARDIAL
INFARCTION (MI) SUSPECTED”.

) If:

a) the SPO, value is less than 91% SAT; and

b) the ETCO, value is less than 30 mm Hg;

then,

display 666 shows the message “VITAL SIGNS CRITI-
CAL”.

After each time interval, the difference between consecu-
tive measures of each parameter are calculated by computer
664: Thereafter, the following monitoring rules are preferably
applied to the measured parameters by computer 664.

DIf:

a) the difference in the ST elevation in the ECG is greater
than 0.1 mm and

b) the difference in the ETCO, slope is less than -1 mm
Hg/min;

then,

computer 664 displays on display 666 “PATIENT STA-
TUS: WORSENING”.

2)If:

a) the difference in the ST elevation in the ECG is less than
-0.1 mm and

b) the difference in the ETCO, is more than 1 mm Hg/min;

then,

computer 664 displays on display 666 “PATIENT STA-
TUS: IMPROVING™.

3 If:

a) the difference in the ST elevation in the ECG is more
than or equal to —0.1 mm but less than or equal to 0.1 mm; or

b) the difference in the ETCO, is more than or equal to -1
mm Hg/min and is less than or equal to 1 mm Hg/min;

then,

computer 664 displays on display 666 “PATIENT STA-
TUS: UNCHANGED”.

Reference is now made to FIG. 43, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology operative in a hospital
environment for determining the presence of cardiogenic
shock in a patient. As seen in FIG. 43, various patient physi-
ologic activities are sensed and measured, including respira-
tory physiologic activities, preferably via an oral airway
adapter and/or a nasal or nasal/oral cannula 670, such as a
Model Nasal FilterLine Adult XS 04461, O,/CO, Nasal. Fil-
terLine Adult 007141, or Smart Capnol.ine Adult (Oral/nasal
FilterLine) 007414, commercially available from Oridion
Ltd., of Jerusalem Israel, typically coupled with a capnograph
672, such as a Microcap, commercially available from
Oridion Ltd., of Jerusalem Israel. Other patient physiologic
activities relating to cardiac function (e.g. ECG), systemic
oxygenation (e.g. pulse oximetry), cerebral oxygenation (e.g.
cerebral oximetry) and systemic circulation (e.g. NIBP), typi-
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cally sensed by means of chest-electrodes 674, a finger sensor
676, a forehead/scalp sensor 678 and a blood pressure cuff
680 respectively, may also be sensed and measured by suit-
able instrumentation 682.

The outputs of the capnograph 672 and possibly of addi-
tional instrumentation 682 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 684, having an associated display 686 which typically
analyzes the respiration parameter output of the capnograph
672 and possibly other parameters and provides an output
which preferably contains a diagnostic statement alerting
hospital staff to the possibility of occurrence of cardiogenic
shock. A typical such statement is “VITAL SIGNS CONSIS-
TENT WITH CARDIOGENIC SHOCK. CONDITION
CRITICAL”. Following intravenous administration of a
medicament such as dopamine dobutamine, a patient status
statement is preferably provided, here “CONDITION
IMPROVING”.

Reference is now made additionally to FIG. 44, which
illustrates the operation of the system and methodology ofthe
system of the present invention in the context of FIG. 43.

The patient, preferably attached to a multi-parameter
monitor including capnograph 672 and suitable instrumenta-
tion 682, by means of cannula 670 and preferably also by
means of chest electrodes 674, finger sensor 676, forehead/
scalp sensor 678 and blood pressure cuff 680, is monitored
continuously. The neurological status of the patient is
acquired by any suitable technique. Values of CO, concentra-
tion, HR, BP (SYS/DIA) ECG, NIBP and SPO, are continu-
ously measured, typically over a period of 30 seconds, and
carbon dioxide waveforms are preferably digitized as a cap-
nogram 667 and other waveforms and stored on computer
684.

Thereafter, the onset and offset limits of the capnogram, the
pulse waveform and QRS onset and offset are determined by
computer 684. The initial slope of the capnogram and the run
are determined and stored in computer 684.

At various intervals, the differences between consecutive
measurements of the various patient parameters are evaluated
by computer 684.

After eachinterval, in a diagnostic rule application step, the
following diagnostic rules are preferably applied to the mea-
sured parameters by computer 684;

DIE

a) the systolic blood pressure is less than 90 mm Hg;

b) the heart rate is more than 100/min;

c) the respiratory rate is more than 15/min; and

d) and the ETCO, is less than 35 mm Hg;

then,

display 686 shows the message “ALERT: CONSIDER
CARDIOGENIC SHOCK”.

) If:

a) the SPO, value is less than 91% SAT; and

b) the ETCO, value is less than 30 mm Hg;

then,

display 686 shows the message “VITAL SIGNS CRITI-
CAL”.

After each time interval, the difference between consecu-
tive measures of each parameter are calculated by computer
684: Thereafter, the following monitoring rules are preferably
applied to the measured parameters by computer 684.

D IE

a) the difference in the systolic blood pressure is less than
-5 mm Hg; and

b) the difference in the ETCO, is less than -1 mm Hg/min;

then,
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computer 664 displays on display 666 “PATIENT STA-
TUS:WORSENING”.

) If:

a) the difference in the systolic blood pressure is more than
5 mm Hg; and

b) the difference in the ETCO, is more than 1 mm Hg/min;

then,

computer 664 displays on display 666 “PATIENT STA-
TUS:IMPROVING”.

I

a) the difference in the systolic blood pressure is more than
or equal to -5 mm Hg and less than or equal to +5 mm Hg;
and/or

b) the difference in the ETCO, is more than or equal to -1
mm Hg/min and is less than or equal to 1 mm Hg/min;

then,

computer 684 displays on display 686 “PATIENT STA-
TUS:UNCHANGED”.

Reference is now made to FIG. 45, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology operative in a hospital
environment for determining the presence of cardiac arrest in
a patient. As seen in FIG. 45, a patient who is found to be
unconscious and unresponsive is subsequently connected to
the system of the present invention. Various patient physi-
ologic activities are sensed and measured, including respira-
tory physiologic activities, preferably via an oral airway
adapter and/or a nasal or nasal/oral cannula 700, such as a
Model Nasal FilterLine Adult XS 04461, O,/CO, Nasal Fil-
terLine Adult 007141, or Smart Capnol.ine Adult (Oral/nasal
FilterLine) 007414, commercially available from Oridion
Ltd., of Jerusalem Israel, typically coupled with a capnograph
702, such as a Microcap, commercially available from
Oridion Ltd., of Jerusalem Israel. Other patient physiologic
activities relating to cardiac function (e.g. ECG), systemic
oxygenation (e.g. pulse oximetry), cerebral oxygenation (e.g.
cerebral oximetry) and systemic circulation (e.g. NIBP), typi-
cally sensed by means of chest electrodes 704, a finger sensor
706, a forehead/scalp sensor 708 and a blood pressure cuff
710 respectively, may also be sensed and measured by suit-
able instrumentation 712.

The outputs of the capnograph 702 and possibly of addi-
tional instrumentation 712 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 714, having an associated display 716 which typically
analyzes the respiration parameter output of the capnograph
702 and possibly other parameters and provides an output
which preferably contains a diagnostic statement alerting
hospital staff to the possibility of occurrence of cardiac arrest.
A typical such statement is “ALERT: CARDIAC ARREST”.
Following treatment, typically including intubation and intra-
venous administration of a medicament such as adrenaline,
during external cardiac massage, a patient status statement,
indicating the effectiveness of the treatment is preferably
provided, here “EFFECTIVE CARDIAC COMPRES-
SIONS.” The system also preferably diagnoses the return of
spontaneous circulation and prompts the caregiver to check
for the presence of a pulse, here by means of a diagnostic
statement and a treatment recommendation such as
“RETURN OF SPONTANEOUS CIRCULATION. CHECK
FOR PULSE”.

Reference is now made additionally to FIG. 46, which
illustrates the operation of the system and methodology of the
system of the present invention in the context of FIG. 45.

The patient, preferably attached to a multi-parameter
monitor including capnograph 702 and suitable instrumenta-
tion 712, by means of cannula 700 and preferably also by
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means of chest electrodes 704, finger sensor 706, forehead/
scalp sensor 708' and blood pressure cuff 710, is monitored
continuously. The neurological status of the patient is
acquired by any suvitable technique. Values of CO, concentra-
tion, HR, BP (SYS/DIA) ECG, NIBP and SPO, are continu-
ously measured, typically over a period of 30 seconds, and
carbon dioxide waveforms are preferably digitized as a cap-
nogram 717, and is stored on computer 714 together with
other waveforms.

Thereafter, the onsetand offset limits of the capnogram, the
pulse waveform and QRS onset and offset are determined by
computer 714. The initial slope of the capnogram and the run
are determined and stored in computer 714.

At various intervals, the differences between consecutive
measurements of the various patient parameters are evaluated
by computer 714.

After each time interval, the difference between consecu-
tive measures of each parameter are calculated by computer
714: Thereafter, the following monitoring rules are preferably
applied to the measured parameters by computer 714.

DIf

a) the heart rate is less than 30/min; and

b) the ETCO, value is less than 15 mm Hg;

then,

computer 714 displays on display 716 “NO RETURN OF
CIRCULATION".

) If:

a) the heart rate is more than or equal to 30/min; and

b) the ETCO, value is more than or equal to 15 mm Hg;

then,

computer 714 displays on display 716 “RETURN OF CIR-
CULATION".

Reference is now made to FIG. 47, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology operative in a out of hos-
pital environment for determining the presence of acute car-
diac ischemia in a patient.

As seen in FIG. 47, while a patient, undergoes treadmill
testing in a doctor’s office, various patient physiologic activi-
ties are sensed and measured, including respiratory physi-
ologic activities, preferably via an oral airway adapter and/or
a nasal or nasal/oral cannula 730, such as a Model Nasal
FilterLine Adult XS 04461, O,/CO, Nasal FilterLine Adult
007141, or Smart Capnoline Adult (Oral/nasal FilterLine)
007414, commercially available from Oridion Ltd., of Jerusa-
lem Israel, typically coupled with a capnograph 732, such as
a Microcap, commercially available from Oridion Ltd., of
Jerusalem Israel. Other patient physiologic activities relating
to cardiac function (e.g. ECG), systemic oxygenation (e.g.
pulse oximetry), cerebral oxygenation (e.g. cerebral oxim-
etry) and systemic circulation (e.g. NIBP), typically sensed
by means of chest electrodes 734, a finger sensor 736, a
forehead/scalp sensor 738 and a blood pressure cuff 740
respectively, may also be sensed and measured by suitable
instrumentation 742.

The outputs of the capnograph 732 and possibly of addi-
tional instrumentation 742 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 744, having an associated display 746 which typically
analyzes the respiration parameter output of the capnograph
732 and possibly other parameters and provides an output
which preferably contains a diagnostic statement, here
“VITAL SIGNS NORMAL”, which indicates normal patient
condition. At some point thereafter, a further diagnostic state-
ment appears, here, “ALERT: ACUTE CARDIAC
ISCHEMIA”. :Upon noticing this statement, the physician
causes the patient to lie down and administers oxygen treat-
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ment to the patient. The system assesses the patient’s
response to the treatment and provides a patient status mes-
sage, here “VITAL SIGNS NORMAL”.

Reference is now made additionally to FIG. 48, which
illustrates the operation of the system and methodology of the
system of the present invention in the context of FIG. 47.

The patient, preferably attached to a multi-parameter
monitor including capnograph 732 and suitable instrumenta-
tion 742, by means of cannula 730 and preferably also by
means of chest electrodes 734, finger sensor 736, forchead/
scalp sensor 738 and blood pressure cuff 740, is monitored
continuously. The neurological status of the patient is
acquired by any suitable technique. Values of CO, concentra-
tion, HR, BP (SYS/DIA) ECG, NIBP and SPO, are continu-
ously measured, typically over a period of 30 seconds, and
carbon dioxide waveforms are preferably digitized as a cap-
nogram 747, and is stored on computer 744 together with
other waveforms.

Thereafter, the onset and offset limits of the capnogram, the
pulse waveform and QRS onset and offset are determined by
computer 744. The initial slope of the capnogram and the run
are determined and stored in computer 744.

In the next step, when the monitoring has been verified by
the operator, that it is functioning correctly, the baseline car-
diorespiratory pattern is stored in computer 744.

Thereafter, computer 744 and/or the operator activates cap-
nograph 732 in a monitoring mode. The patient is monitored
continuously by capnograph 732 for any significant change in
the cardiorespiratory pattern.

The following monitoring rule is preferably applied to
capnogram 747 by computer 744.

DI

a) a significant change in the cardiorespiratory pattern is
apparent;

then,

computer 744 displays
RESPONSE” on display 746.

Thereafter, a cycle of alternating I) sampling step (data
collection and measurement) and I1) diagnostic rule applica-
tion to the previous sample step I) is initiated.

1) Sampling Step

a) A sample of expired air is taken and conveyed from
cannula 400 to capnograph 732.

b) The carbon dioxide concentration is measured continu-
ously by capnograph 744 as a capnogram 747.

¢) The capnogram is digitized as waveform and store for
analysis by computer 744.

d) Computer 744 marks onset and offset limits of the cap-
nogram.

e) The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

i) the breath-to-breath correlation must be greater than
0.85.

1) The slope and the run are determined by computer 744.

1T) Diagnostic Rule Application Step

In a diagnostic rule application step, the following diag-
nostic rules are preferably applied to the measured param-
eters of each sample in I) Sampling step by computer 744:

DIE:

a) there are no signs of ischemia (no elevation from base-
line in the ECG ST segment; and no changes from baseline in
the T-waves;

b) there are no changes towards ischemia (rising ST-seg-
ment values on ECG from baseline, and dropping ETCO,
values >5 mm Hg from baseline);

“MONITORING STRESS
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then,

Computer 744 displays on display 746 “NO SIGNS OF
ACUTE CARDIAC ISCHEMIA”.

2) If:

a) a) there are signs of ischemia; or

b) there are changes towards ischemia; then,

Computer 744 displays on display 746 “ALERT: SIGNS
OF ACUTE CARDIAC ISCHEMIA”.

Reference is now made to FIG. 49, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology operative in a hospital or
outpatient environment for sedation and/or anesthesia moni-
toring. As seen in FIG. 49, while a patient is under sedation
and/or anesthesia, typically in the course of a medical proce-
dure, various patient physiologic activities are sensed and
measured, including respiratory physiologic activities, pref-
erably via an oral airway adapter and/or a nasal or nasal/oral
cannula 800, such as a Model Nasal FilterLine Adult XS
04461, O,/CO,Nasal FilterLine Adult 007141, or Smart Cap-
noLine Adult (Oral/nasal FilterLine) 007414, commercially
available from Oridion Ltd., of Jerusalem Israel, typically
coupled with a capnograph 802, such as a Microcap, com-
mercially available from Oridion Ltd., of Jerusalem Israel.
Other patient physiologic activities relating to cardiac func-
tion (e.g. ECG), systemic oxygenation (e.g. pulse oximetry),
cerebral oxygenation (e.g. cerebral oximetry) and systemic
circulation (e.g. NIBP), typically sensed by means of chest
electrodes 804, a finger sensor 806, a forehead/scalp sensor
808 and a blood pressure cuff 810 respectively, may also be
sensed and measured by suitable instrumentation 812.

The outputs of the capnograph 802 and possibly of addi-
tional instrumentation 812 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 814, having an associated display 816 which typically
analyzes the respiration parameter output of the capnograph
802 and possibly other parameters and provides an output
which preferably contains a diagnostic statement confirming
proper respiration, here “NORMAL WAVEFORM
RHYTHM”.

If at a later stage during the medical procedure, a deviation
from the patient’s normal CO, waveform rhythm is sensed, a
further diagnostic statement is provided, here “ALERT: SIG-
NIFICANT DEVIATION IN WAVEFORM RHYTHM”.
This statement is preferably accompanied by a treatment
recommendation, here “REDUCE SEDATION LEVEL”.
Following reduction in the sedation level, a diagnostic state-
ment which indicates the patient status is preferably pre-
sented, here “NORMAL WAVEFORM RHYTHM
RESTORED”.

Reference is now made additionally to FIG. 50, which
illustrates the operation of the system and methodology ofthe
system of the present invention in the context of FIG. 49.

The patient, preferably attached to a multi-parameter
monitor including capnograph 802, is typically monitored
continuously for at least 30 seconds. Additionally or alterna-
tively, the patient may be monitored for shorter or longer
durations. Expired air is collected via cannula 800 and is
conveyed to the capnograph 802.

Values of the CO, concentration are continuously mea-
sured, typically over a period of 30 seconds, and carbon
dioxide waveforms are preferably digitized as a capnogram
817 and, together with other waveforms, is stored on com-
puter 814.

The onset and offset limits of the patient’s capnogram from
capnograph 802 are delineated by computer 814.

The waveform quality of the capnogram 817 is assessed by
employing the criteria that an acceptable quality is defined by:
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1) the root mean square (rms) of the noise of the waveform
must be less than 1 mm Hg: and

i) the breath-to-breath correlation must be greater than
0.85.

Ifthe quality is unacceptable, further samples are collected
until a sample of acceptable quality, according to the above
two criteria, is taken.

The next step entails a checking procedure, wherein the
ETCO, value is measured by capnograph 632. The slope and
run values of the capnogram from capnograph 632 are deter-
mined by computer 644.

The following checking rule is preferably applied.

DIf

a) the ETCO, value is more than 15 mm Hg;

then,

a display is provided by computer 814 stating NORMAL
WAVEFORM RHYTHM”.

After the waveform rhythm has been confirmed by an
operator, the capnograph is entered into its monitoring mode,
either by the operator or by computer 814. Capnograph 802
then monitors for any changes in the breathing pattern of the
patient.

Thereafter, computer 814 displays “MONITORING
SEDATION” on display 646.

The next step entails a cycle of alternating 1) sampling step
(data collection and measurement) and II) diagnostic rule
application to the previous sample step ) is initiated.

1) Sampling Step

In this sampling step, an exhaled air sample from cannula
800 is periodically collected, conveyed and measured by cap-
nograph 802. The carbon dioxide concentration value is
determined continuously by capnograph 802. Computer 814
digitizes the capnograph signals as a waveform and store the
waveform for analysis.

Thereafter, the ETCO, value is determined.

1I) Diagnostic Rule Application Step.

The following diagnostic rules are applied to each sample:

DIf:

a) The value of ETCO, is greater than or equal to 15 mm
Hg; and

b) There is no loss in the waveform from capnograph 8§02;
and

¢) The respiratory rate is greater than or equal to 12/min;

then,

computer 814 displays “NORMAL VENTILATORY
WAVEFORM AND RHYTHM” on display 816.

2 If:

a) The value of ETCO, is less than 15 mm Hg; or

b) There is a loss in the waveform from capnograph 802; or

c) The respiratory rate is less than 10/min; or

d) There is a decline in ETCO, of 50%; or

e) There is a 50% increase in the pattern variability; or

) There is a 50% decrease in the pattern similarity;

then,

computer 814 displays “ALERT: DIMINISHED VENTI-
LATORY WAVEFORM” on display 816.

This cycle typically proceeds until the patient monitoring
is halted by the medical team or operator.

Reference is now made to FIG. 51, which is a simplified
pictorial illustration of an automatic medical diagnostic and
treatment system and methodology operative in a hospital or
outpatient environment for sedation and/or anesthesia titra-
tion. As seen in FIG. 51, when a patient is being sedated prior
to carrying out of a medical procedure, various patient physi-
ologic activities are sensed and measured, including respira-
tory physiologic activities, preferably via an oral airway
adapter and/or a nasal or nasal/oral cannula 900, such as a
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Model Nasal FilterLine Adult XS 04461, O,/CO, Nasal Fil-
terLine Adult 007141, or Smart Capnol.ine Adult (Oral/nasal
FilterLine) 007414, commercially available from Oridion
Ltd., of Jerusalem Israel, typically coupled with a capnograph
902, such as a Microcap, commercially available from
Oridion Ltd., of Jerusalem Israel. Other patient physiologic
activities relating to cardiac function (e.g. ECG), systemic
oxygenation (e.g. pulse oximetry), cerebral oxygenation (e.g.
cerebral oximetry) and systemic circulation (e.g. NIBP), typi-
cally sensed by means of chest electrodes 904, a finger sensor
906, a forehead/scalp sensor 908 and a blood pressure cuff
910 respectively, may also be sensed and measured by suit-
able instrumentation 912.

The outputs of the capnograph 902 and possibly of addi-
tional instrumentation 912 are preferably supplied to a suit-
ably programmed automatic diagnostic and treatment com-
puter 914, having an associated display 916 which typically
analyzes the respiration parameter output of the capnograph
902 and possibly other parameters and provides an output
which preferably contains a patient status statement confirm-
ing proper respiration, here “NORMAL RESPIRATORY
PATTERN”. Following the administration of additional
medication, a deviation from the patient’s normal CO, wave-
form shape, amplitude or periodicity is sensed, a further sta-
tus statement is provided, here “ALERT: MILD HYPOVEN-
TILATION PRESENT”. Following the administration of
additional medication which increases the sedation level, an
additional diagnostic statement which indicates the patient
status is preferably presented, here “ALERT MODERATE
HYPOVENTILATION PRESENT™. This alert indicates that
at this point, titration of medication is complete and the medi-
cal procedure may be commenced. Following completion of
the medical procedure, monitoring continues until a further
status statement, here “NORMAL RESPIRATORY PAT-
TERN RESTORED” indicates normal respiration and that
the patient may be safely discharged.

Reference is now made additionally to FIG. 52, which
illustrates the operation of the system and methodology ofthe
system of the present invention in the context of FIG. 51.

The patient, preferably attached to a multi-parameter
monitor including capnograph 902, is monitored continu-
ously for at least 30 seconds. Expired air is collected via
cannula 900 and is conveyed to the capnograph 902.

Values of the CO, concentration is continuously measured,
typically over a period of 30 seconds, and carbon dioxide
waveforms are preferably digitized as a capnogram 917 and,
together with other waveforms, is stored on computer 914.

The onset and offset limits of the patient’s capnogram from
capnograph 902 are delineated by computer 914.

The waveform quality of the capnogram 917 is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

i1) the breath-to-breath correlation must be greater than
0.85.

Ifthe quality is unacceptable, further samples are collected
until a sample of acceptable quality, according to the above
two criteria, is taken.

Thereafter, the ETCO, value and the respiratory rate are
determined.

At startup a checking procedure is performed, wherein the
ETCO, value is measured by capnograph 902. The slope and
run values of the capnogram from capnograph 902 are deter-
mined by computer 914.
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The following checking rule is preferably applied.

DIf:

a) the ETCO, value is more than 15 mm Hg;

then,

a display is provided by computer 914 stating “GOOD
WAVEFORM QUALITY; MONITORING LEVEL OF
SEDATION.

After the waveform rhythm has been confirmed by an
operator, the baseline breathing pattern is stored in computer
914. Capnograph 902 is entered into its monitoring mode,
either by the operator or by computer 914. Capnograph 902
then monitors for any changes in the breathing pattern of the
patient.

The next step entails a cycle of alternating I) sampling step
(data collection and measurement) twice per minute and I1)
diagnostic rule application to the previous sample step ) is
initiated.

1) Sampling Step

In this sampling step, an exhaled air sample from cannula
900 is periodically collected, conveyed and measured by cap-
nograph 902. The carbon dioxide concentration value is
determined continuously by capnograph 902. Computer 914
digitizes the capnograph signals as a waveform and computer
914 stores the waveform for analysis. Computer 914 marks
onset and offset limits of the capnogram.

The waveform quality of the capnogram is assessed by
employing the criteria that an acceptable quality is defined by:

1) the root mean square (rms) of the noise of the waveform
must be less than 2 mm Hg; and

i) the breath-to-breath correlation must be greater than
0.85.

Thereafter ETCO, and the respiratory rate are measured,
and the results stored on computer 914.

1I) Diagnostic Rule Application Step.

The following diagnostic rules are applied to each sample:

DIf:

a) The value of ETCO, is greater than or equal to 15 mm
Hg, but less than 50 mm Hg;

b) There is no loss in the waveform from capnograph 902;
and

¢) The respiratory rate is greater than 12/min;

then,

computer 914 displays “NORMAL RESPIRATORY PAT-
TERN” on display 916.

A If:

a) The respiratory rate is more than or equal to 10/min, but
less than 12/min;

then,

computer 914 displays “MILD HYPOVENTILATION”
on display 916.

3 If:

a) The value of ETCO, is greater than or equal to 50 mm
Hg, but less than 60 mm Hg; and

b) The respiratory rate is more than or equal to 6/min, but
less than 10/min; then, computer 914 displays “MODERATE
HYPOVENTILATION” on display 916.

4H1If:

The value of ETCO, is greater or equal to 60 mm Hg; or

b) There is a loss in the waveform; or

c) The respiratory rate is less than 6/min;

The computers discussed above, whether those mentioned
with respect to the hospital environment or those mentioned
with respect to the ambulance environment, may each be
configured to employ, using their processor, statistical analy-
sis on data such as a value of a parameter, baseline, a varying
baseline, a trend and/or a varying trend, in order to determine
a Z-score for any of the above data. The Z-score (sometimes
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referred to as a “standard score”), indicates how many stan-
dard deviations the data is above or below a mean, namely—
compare the CO, waveforms which are sampled to a standard
normal distribution which is either predetermined and pro-
grammed into the computer or is learned on the fly, during the
monitoring of the pertinent patient.

Advantageously, the Z-score may enhance the diagnosis of
the type and/or degree of severity of a medical condition of
the patient, for example by indicating the statistical signifi-
cance of each suspected diagnosis. This may assist in elimi-
nating or mitigating noise (“artifacts”) in the CO, waveforms,
and/or in providing the caregiver a measure of the certainty of
the medical indication provided by the computer. This may be
useful whether the computer indicates a single diagnosis and
its computed likelihood, or multiple possible diagnoses and
their likelihoods—so that the caregiver can reach an educated
decision.

For further discussion of Z-score analysis and computa-
tion, see Richard J. Larsen and Morris L. Marx, An Introduc-
tion to Mathematical Statistics and Its Applications, 37 ed.
(2005), incorporated herein by reference.

then,

computer 914 displays “ALERT: SEVERE HYPOVENTI-
LATION OR APNEA” on display 916.

It should be understood that the rules, such as monitoring-
and diagnostic rules exemplified hereinabove are not meant to
be limiting only to those and the numerical values therein that
have been shown herein, and that these rules could be applied
using similar or different numerical values and could incor-
porate further rules applied to other parameters. The rules
provided herein may be provided as continuous or discon-
tinuous rules, and may additionally or alternatively be applied
in other combinations of continuity or discontinuity. Further-
more, it should be understood that the term “time interval”
may include the time required for a treatment to be effective
in a patient, and the word “treatment” may also be used to
denote the time required for the treatment to be effective, such
as in the phrase “after each treatment”.

It will be appreciated by persons skilled in the art that the
present invention is not limited by what has been particularly
shown and described hereinabove. Rather the scope of the
present invention includes both combinations and subcombi-
nations of the features described hereinabove as well as modi-
fications and variations thereof which would occurto a person
of skill in the art upon reading the foregoing description and
which are not in the prior art.

What is claimed is:

1. A method employing at least signal processing of a CO2
waveform for providing an output indication relating to at
least one respiratory disorder of a patient, the method com-
prising:

receiving, from a capnograph, a CO2 waveform indicative

of partial-pressure CO2 values of the patient;

receiving from a second sensing unit a second signal

indicative of a second medical parameter; and

using a processor:

defining at least one section of the CO2 waveform;

wherein the parameter comprises a slope of aCO2 concen-

tration curve, an angle of rise, a time to rise, run time of
the rise, curvature,

acceleration, or area under the curve of said at least one

section of the CO2 waveform, or any combination of
these parameters;

computing at least one parameter relating to the CO2 wave-

form; and

wherein computing at least one parameter relating to the

CO2 waveform comprises computing an initial slope
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and an angle of rise to a predetermined percentage of a
maximum concentration of CO2;
diagnosing a type and a degree of severity of said at least
one respiratory disorder indicated by said at least one
parameter relating to the CO2 waveform, wherein diag-
nosing the type of said respiratory disorder comprises

identifying respiration impairment based on said at least
one parameter relating to the CO2 waveform and said
second medical parameter; and

if respiration impairment is identified:

distinguishing between an upper airway obstruction and a

lower airway obstruction;
wherein distinguishing between said upper airway obstruc-
tion and said lower airway obstruction comprises deter-
mining a time duration to reach a predetermined per-
centage of a maximum CO?2 concentration; and

providing an output indication responsive to a pattern of
changes in the degree of severity of said respiration
impairment over time.

2. The method of claim 1, wherein defining at least one
section of a CO, waveform comprises defining a region
between two boundary points on the CO, waveform.

3. The method of claim 1, comprising defining at least two
sections of the waveform.

4. The method of claim 1, comprising defining at least three
sections of the waveform.

5. The method of claim 4, wherein a first section of the at
least three sections comprises a rising section, a second sec-
tion of the at least three sections comprises a plateau and a
third section of the at least three sections comprises a declin-
ing section.

6. The method of claim 1, further comprising defining a
baseline section.

7. The method of claim 1, further comprising comparing a
value of said at least one parameter relating to the CO2
waveform and said second medical parameter to a predeter-
mined value.

8. The method of claim 7, further comprising determining
whether the value of the parameter exceeds the predetermined
value.

9. The method of claim 7, further comprising determining
whether the value of the parameter is at or below the prede-
termined value.

10. The method of claim 1, further comprising comparing
a value of

said at least one parameter relating to the CO2 waveform

and said second medical parameter to a predetermined
range of values.

11. The method of claim 10, further comprising determin-
ing whether the value of the parameter exceeds the predeter-
mined range of values.

12. The method of claim 11, further comprising determin-
ing whether the value of the parameter is within or below the
predetermined range of values.

13. The method of claim 1, further comprising comparing
a value of a parameter to a previously computed value of the
parameter.

14. The method of claim 13, further comprising determin-
ing whether the value of said atleast one parameter relating to
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the CO2 waveform and said second medical parameter
exceeds the previously computed value of the parameter.

15. The method of claim 13, further comprising determin-
ing whether the value of the parameter is at or below the
previously computed value of the parameter.

16. The method of claim 1, further comprising comparing
a value of

said at least one parameter relating to the CO2 waveform

and said second medical parameter to a range of previ-
ously computed values of the parameter.

17. The method of claim 16, further comprising determin-
ing whether the value of the parameter exceeds the range of
previously computed values of the parameter.

18. The method of claim 16, further comprising determin-
ing whether the value of the parameter is within or below the
range of previously computed values of the parameter.

19. The method of claim 16, further comprising determin-
ing whether the value of the parameter exceeds a baseline
value.

20. The method of claim 16, further comprising determin-
ing whether the value of the parameter exceeds a varying
baseline value in a statistically significant way.

21. The method of claim 20, wherein the determining of
whether the value of the parameter exceeds the varying base-
line value in a statistically significant way comprises deter-
mining a Z-score for the value of the parameter against the
varying baseline value, and using the Z-score to determine
whether the varying baseline value and the value of the
parameter are significantly different.

22. The method of claim 1, further comprising computing
atrend of the at least one parameter relating to the waveform.

23. The method of claim 22, further comprising comparing
a value of the trend to a predetermined value.

24. The method of claim 23, further comprising determin-
ing whether the value of the trend is at or below the predeter-
mined value.

25. The method of claim 24, further comprising determin-
ing whether the value of the trend exceeds a varying baseline
value in a statistically significant way.

26. The method of claim 25, further comprising the steps of
calculating a variation of a trend, and determining a Z-score
for a measured value against the variation of the trend, then
using the Z-score to determine whether the variation of the
trend and the measured value are significantly different.

27. The method of claim 22, further comprising determin-
ing whether the value of the trend exceeds the predetermined
value.

28. The method of claim 22, further comprising comparing
a value of the trend to a predetermined range of values.

29. The method of claim 28, further comprising determin-
ing whether the value of the trend exceeds the predetermined
range of values.

30. The method of claim 28, further comprising determin-
ing whether the value of the trend is within or below the
predetermined range of values.

31. The method of claim 1, further comprising storing said
at least one parameter relating to the CO2 waveform and said
second medical parameter.

I S S T
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PRESUME POSSIBLE ALLERGIC REACTION: SWITCH DEVICE MODE TO
ASSESS FOR EVIDENCE OF UPPER VS. LOWER AIRWAY DISORDER

i

ATTACH PATIENT TO MULTIPARAMETER MONITOR INCLUDING A
CAPNOGRAPH. CONNECT CHEST ELECTRODES, FINGER AND
CEREBRAL SENSORS. COLLECT EXPIRED AIR SAMPLE, CONVEY
TO CAPNOGRAPH; CYCLE NIBP CUFF

}

DETERMINE [CO,]. ECG, NIBP, CEREBRAL OXIMETRY AND
SPO, VALUES CONTINUOUSLY; DIGITIZE AS WAVEFORM
AND STORE FOR ANALYSIS

i

MARK ONSET AND OFFSET LIMITS OF CAPNOGRAM, PULSE

SPO, AND ETCO,. MEASURE INITIAL SLOPE (SLOPE) AND TIME
TO RISE TO 80% OF MAX [CO,] (RUN) OF CAPONOGRAM.

i

APPLY DIAGNOSTIC RULE: IF (BP=NORMAL) AND (RR=NORMAL)
AND (SPO,>95% SAT AND ETCO ,<45MM HG) DISPLAY "VITAL
SIGNS STABLE”. ELSE "RESPIRATORY IMPAIRMENT".
ADDITIONALLY, IF ((RUN < 0.3 SEC AND SLOPE >100MM HG/SEC)).
DISPLAY "NO BRONCHOSPASM PRESENT: CONSIDER UPPER AIRWAY
OBSTRUCTION”. ELSE IF ((RUN>0.3 SEC AND SLOPE<100MM
HG/SEC) DISPLAY "BRONCHOSPASM PRESENT:
CONSIDER LOWER AIRWAY OBSTRUCTION.”

1

STORE/TRANSMIT FINDINGS: ESTABLISH CONNECTION TO DISPATCH/
RECEIVING CENTER AND FORWARD DATA AND INTERPRETATION TO
EMOTE TERMINAL FOR DISPLAY AND REVIEW BY MEDICAL
OVERSIGHT. TRANSMIT TREATMENT AND/OR TRANSPORT
RECOMMENDATIONS BACK TO AMBULANCE.




