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ABSTRACT

Improved apparatus and methods for monitoring, diagnosing
and treating at least one medical respiratory condition of a
patient are provided, including a medical data input interface
adapted to provide at least one medical parameter relating at
least to the respiration of the patient, and a medical param-
eter interpretation functionality (104, 110) adapted to
receive the at least one medical parameter relating at least to
the respiration (102) of the patient and to provide at least one
output indication (112) relating to a degree of severity of at
least one medical condition indicated by the at least one
medical parameter.
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Fig. 2

SENSE PATIENT PHYSIOLOGIC ACTIVITY

E.G.: CARDIAC ACTIVITY, VENTILATION, SYSTEMIC PERFUSION, -
OXYGENATION, CEREBRAL PERFUSION

E.G. COLLECT EXPIRED AIR SAMPLE, CONVEY TO CAPNOGRAPH

y
SAMPLE SENSED VALUES AND STORE AS PHYSIOLOGIC DATA SEGMENT
E.G.: ECG, CAPNOGRAM, NIBP, PULSE OX, EEG

E.G. FOR VENTILATION, DETERMINE [CO,] VALUE CONTINUOUSLY OVER
30 SEC; DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

ANALYZE PHYSIOLOGIC DATA SEGMENT TO DERIVE MEASURED PATIENT
PARAMETERS

E.G.: HR, ETCO,, SYS-BP, 0,-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,]

. k 4 .
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 < 100MM HG/SEC); IF TRUE, PRINT
“ALERT: ASTHMA PATIENT” ‘

L

ADMINSTER TREATMENT
DISPLAY / TRANSMIT TRENDED RESULTS AND ADVISORY STATEMENTS
BASED ON ANALYSIS OF SERIAL COMPARISONS

.G.: “PATIENT IMPROVING”
AFTER TREATMENT, COMPUTE DIFFERENCE BETWEEN 157 AND 2P
MEASURES. IF D_RUN<0.1 SEC AND D_SLOPE < +15MM HG / SEC, PRINT
“ADMIT TO HOSPITAL”
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Fig. 4

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 (8YS./-DIA). SPO,, AND ETCO,;. MEASURE INITIAL SLOPE
(SLOPE) AND TIME TO RISE TO 80% OF MAX [CO,] (RUN) OF CAPNOGRAM.

Y

| APPLY DIAGNOSTIC RULE:
- IF (BP = NORMAL) AND (RR = NORMAL) AND
((RUN<0.3 SEC AND SLOPE > 100 MM HG/SEC) AND SPQ; > 95 AND ETCO, <
45), ), DISPLAY “VITAL SIGNS WITHIN NORMAL LIMITS * o
ELSE IF ((RUN>0.3 SEC AND SLOPE < 100 MM HG/SEC) AND 91< SPO, < 95
AND ETCO, < 45) DISPLAY “MODERATE BRONCHOSPASM PRESENT”
IF (CAP-FEV1 < 50% AND SPO; <91 AND ETCO, > 45), DISPLAY “SEVERE
BRONCHOSPASM PRESENT™,
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Fig. 6A

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.

A

DETERMINE [CO;], ECG, NIBP, CEREBRAL OXIMETRY AND SPO, VALUES
CONTINUOQUSLY; 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.

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

((RUN<0.3 SEC AND SLOPE > 100 MM HG/SEC) AND SPO» > 95 AND ETCO» <
45), ), PRINT “NO BRONCHOSPASM PRESENT”

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

ELSE IF (CAP-FEV1 < 50% AND 90 < SPO; <91 AND 45 <ETCO; < 60), PRINT
“SEVERE BRONCHOSPASM PRESENT™.

ELSE IF ((SPO2 <90 AND RR < 8 AND ETCO, > 60) AND NEURO="BAD"),
PRINT “RESPIRATORY FALLURE; CONDITION CRITICAL; CONSIDER
INTUBATION.”
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Fig. 6B

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.”

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.“
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Fig. 8A

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.

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

- h 4
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.

A 4

APPLY DIAGNOSTIC RULE: .
IF (BP = NORMAL) AND (RR = NORMAL) AND
((RUN=<0.3 SEC AND SLOPE > 100 MM HG/SEC) AND SPO, > 95 AND ETCOz <
45). PRINT “NO BRONCHOSPASM PRESENT”
ELSE IF ((RUN>0.3 SEC AND SLOPE < 100 MM HG/SEC) AND 91 < SPO; < 95
AND ETCO; <45) PRINT “MODERATE BRONCHOSPASM PRESENT” :
[F (CAP-FEVI < 50% AND SPO, <91 AND ETCO, > 45), PRINT “SEVERE
BRONCHOSPASM PRESENT”,
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.
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Fig. 8B

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_SPQO; > +5 %SAT OR ETCO, < -5 MM HG) THEN
“IMPROVING”, ELSE “UNCHANGED".

SAMPLE: “BRONCHOSPASM WORSENING; VITAL SIGNS UNCHANGED.”

A

TRANSMIT MONITORING DATA:

MAINTAIN CONNECTION WITH RECEIVING CENTER; PERIODICALLY

TRANSMIT UPDATES OF PATIENT CONDITION EN ROUTE TO PREPARE FOR
. PATIENT TRANSFER,

Y

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

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. 10A

ATTACHPATIENT 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
CONTINUQUSLY; 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). 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 )

( (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 <SP0, <95
%SAT AND ETCO, <45 MM HG) PRINT “MODERATE BRONCHOSPASM
PRESENT”

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

STORE / TRANSMIT FINDINGS: . .
ESTABLISH CONNECTION TO DISPATCH / RECEIVING CENTER AND
FORWARD DATA AND INTERPRETATION TO REMOTE TERM]NAL FOR
DISPLAY AND REVIEW BY MEDICAL OVERSIGHT.

TRANSMIT TREATMENT AND / OR TRANSPORT RECOMMENDATIONS
BACK TO AMBULANCE.
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Fig. 10B

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.”

4

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

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 “MONITORIN G FOR

INTUBATION™"
CHECK RULE:

IF ETCO; >15 MM HG THEN PRINT “GOOD WAVEFORM, TUBE IN TRACH_EA.
CONFIRM AND SECURE TUBE.”
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Fig. 10C

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

3

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

HANDOFF PATIENT RECORD:
TRANSFER COPY OF PATIENT RECORD TO RECEIVING CENTER ASDATA
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:
CYCLE NIBP CUFF,

A

DETERMINE [CO2], 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.

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 <SP0, <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_SPQ; > -5 %SAT OR ETCO; > +5 MM HG) THEN
“DETERIORATING”, (D_SPO; > +5 %SAT OR ETCO; < -5 MM HG) THEN
“IMPROVING”, ELSE “UNCHANGED”.

SAMPLE: “BRONCHQSPASM WORSENING: VITAL SIGNS UNCHANGED.”

X

EXIT 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 M HG), PRINT “NO BRONCHOSPASM PRESENT”
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Fig. 14A

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.

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 ANDSLOPE < 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",

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
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Fig. 14B

CHECK RULE:
IF PATIENT ENTERING RESPIRATORY FAILURE (IF (SPO; < 90 %SAT AND
RR<8 AND ETCO; > 60 MM HG) AND NEURQ ="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:
[F ETCO; >15 MM HG THEN PRINT “GO0OD WAVEFORM, TUBE IN TRACHEA.
CONFIRM AND SECURE TUBE.”

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

MONITOR RULE: :
[F 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.

A

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

A 4

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

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

A

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

ENTER MONITQRING MODE.
7__“?

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 %SAT
WAVEFORM AND STORE FOR -| AND ETCO, <45 MM HG), DISPLAY
ANALYSIS. ' “NO BRONCHOSPASM PRESENT”

MARK ONSET AND OFFSET LIMITS ELSE IF ((RUN>0.3 SEC AND SLOPE
OF CAPNOGRAM. <100 MM HG/SEC) AND 91 < SPO, <

ASSESS WAVEFORM QUALITY 95 %SAT AND ETCO; <45 MM HG)
USING RMS NOISE < 2 MM HG AND DISPLAY “MODERATE
BREATH-TO-BREATH CORRELATION BRONCHOSPASM PRESENT”
>0.85 IF (CAP-FEV1 < 50% AND SPO, < 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™.

S~

!
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Fig. 16B

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

PLACE
! A 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
CONTINUOQUSLY; DIGITIZE AS BRONCHOSPASM: (D_RUN>0.1 SEC
WAVEFORM AND STORE FOR AND D_SLOPE <-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_SP0O; >-5 .
AND BREATH-TO-BREATH %SAT OR ETCO, > +5 MM HG) THEN
CORRELATION > 0.85. " “DETERIORATING”, (D_SPO; > +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.”

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

Mar. 15,2018 Sheet 26 of 71

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

CAPNOGRAPH;

A

y

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

STORE FOR ANALYSIS.

y

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.

y

y

MEASURE ETCO,.

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

CONFIRM AND SECURE TUBE.”

WHEN CONFIRMED BY OPERATOR,

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

“MONITORING INTUBATION”

A

e

y

N

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.

.APPLY DIAGNOSTIC RULE TO

EACH SAMPLE:

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

IF ETCO,<15 MM HG OR “LOSS OF
WAVEFORM”,

DISPLAY “ALERT: CHECK FOR
TUBE DISLODGEMENT?”

~

US 2018/0070834 A1




US 2018/0070834 A1

Mar. 15,2018 Sheet 27 of 71

Patent Application Publication

V SCIAN TH INTHI
I ‘d HNILOV SI

NOLLIANOD ENASIdd
RSVASOHINOYT

(RASKBAR S, LNAILN; __—
ON “INAWIVISL

IR
Aw@, ‘d_ﬂ _

[
o) =7/,

LNISHdd
KSYdSOHONOYH
QIR LETTY

SYHLINVEYd TVOINITO
NI ZINVHD ON-
JTdVLS INALLVd




Patent Application Publication Mar. 15,2018 Sheet 28 of 71  US 2018/0070834 A1

Fig. 20

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

A

DETERMINE [CO,] VALUE CONTINUQUSLY; 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. -

)l

AT STARTUP, CHECK FOR VALID SIGNAL;:

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

ENTER DIAGNOSTIC MONITORING MODE.,

7 ‘ T

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

COLLECT EXPIRED AIR SAMPLE, I¥ (BP =NORMAL) AND (RR'=
CONVEY TO CAPNOGRAPH NORMAL) AND

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

MARK ONSET AND OFFSET ELSE IF (RUN>0.3 SEC AND SLOPE
LIMITS OF CAPNOGRAM. <100 MM HG/SEC) AND 91 < SPO; <
ASSESS WAVEFORM QUALITY 95 %SAT AND ETCO, <45 MM HG)

- USING RMS NOISE <2 MM HG AND DISPLAY “MODERATE
BREATH-TO-BREATH BRONCHOSPASM PRESENT™ :
CORRELATION>085. IF (CAP-FEV1 < 50% AND SPO; < 91

MEASURE INITIAL SLOPE (SLOPE) %SAT AND ETCO; > 45 MM HG),
AND TIME TO RISE TO 80% OF MAX DISPLAY “SEVERE BRONCHOSPASM
- [CO7] RUN) OF CAPNOGRAM. .. |, PRESENT™.

~
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Fig. 22A

Mar. 15,2018 Sheet 31 of 71

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

CAPNOGRAPH;

y

DETERMINE [CO;] VALUE CONTINUQUSLY; DIGITIZE AS WA VEFORM AND

STORE FOR ANALYSIS.

A

y

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.

Y

y

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

MONITORING FOR BRONCHOSPASM”
ENTER MONTTORING MODE.

—

T

PERIODICALLY COLLECT AND
MEASURE: .

COLLECT EXPIRED AIR SAMPLE,
CONVEY TO CAPNOGRAPH

DETERMINE [CO,] VALUE
CONTINUQUSLY; 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.

\.

APPLY DIAGNOSTIC RULE TO
EACH SAMPLE:

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

( (RUN<0.3 SEC AND SLOPE > 100
MM HG/SEC) AND SPQ, > 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
<SP0, <95 %SAT AND ETCO; < 45
MM HG) DISPLAY “MODERATE
BRONCHOSPASM PRESENT"

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

US 2018/0070834 A1

—
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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.

A

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.

Y

AT STARTUP, CHECK FOR VALID SIGNAL: :

IF ETCO2 >15 MM HG THEN PRINT “GOOD WAVEFORM QUALITY;
MONITORING FOR BRONCHOSPASM”

ENTER MONITORING MODE.
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Fig. 22C
PERIODICALLY COLLECT APPLY MONITORING RULE TO EACH
AND MEASURE: SAMPLE:
COLLECT DATA SAMPLE, AFTER EACH INTERVAL, COMPUTE
AS ABOVE, DIFFERENCE BETWEEN CONSECUTIVE
MEASURES
MARX ONSET AND OFFSET BRONCHOSPASM: (D_RUN>0.1 SEC AND

LIMITS OF WAVEFORMS, AS
ABOVE

ASSESS WAVEFORM
QUALITY, AS ABOVE

MEASURE WAVEFORM
FEATURES, AS ABOVE..

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_SPOs > -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,”

Y

OPERATOR SWITCHES MONITOR TO DIAGNOSTIC MONTTORING WHEN
INTERVEN TIONS ARE CONCLUDED AND PATIENT DISPOSITION HAS BEEN

DETERMINED.

US 2018/0070834 A1
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MODERATE
BRONCHOSPASM
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Fig. 24A

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 < 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.

AT STARTUP, CHECK FOR VALID SIGNAL:

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

ENTER DIAGNOSTIC MONITORING MODE.
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Fig. 24B

COLLECT AND MEASURE EVERY APPLY DIAGNOSTIC RULE TQ

15 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
DETERMINE [CO,] VALUE MM HG/SEC) AND SPO; > 95 %SAT

CONTINUOQUSLY; DIGITIZE AS AND ETCO; <45 MM HG), DISPLAY

WAVEFORM AND STORE FOR “NO BRONCHOSPASM PRESENT”

ANALYSIS. ELSE IF ((RUN>0.3 SEC AND
MARK ONSET AND OFFSET SLOPE < 100 MM HG/SEC) AND 91

LIMITS OF CAPNOGRAM. <8P0, <95 %SAT AND ETCO, < 45
ASSESS WAVEFORM QUALITY MM HG) DISPLAY “MODERATE

USING RMS NOISE < 2 MM HG AND BRONCHOSPASM PRESENT”

BREATH-TO-BREATH IF (CAP-FEV1 < 50% AND SPO, <

CORRELATION > 0.85. : : 91 %SAT AND ETCO; > 45 MM HG),
MEASURE INITIAL SLOPE (SLOPE) DISPLAY “SEVERE

'AND TIME TO RISE TO 80% OF MAX BRONCHOSPASM PRESENT™..

[COz] (RUN) OF CAPNOGRAM.

( at

IF CAP-FEV1>50% FOR MOST OR ALL FOUR POST-TREATMENT
MEASUREMENTS, THEN DISPLAY MESSAGE “GOOD RESPONSE TO
TREATMENT: CONSIDER ADMISSION TO HOME OR GENERAL WARD.”
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Fig. 26A

2018 Sheet 40 of 71

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.

y

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.

y

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

MONITORING FOR BRONCHOSFASM”

ENTER DIAGNOSTIC MONITORING MODE.

! A

y

—

COLLECT AND MEASURE EVERY 15
MINUTES FOR ONE HOUR POST-
TREATMENT

COLLECT EXPIRED AIR SAMPLE,
CONVEY TO CAPNOGRAPI

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
[CO;] (RUN) OF CAPNOGRAM.

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
<SP0, < 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".

S

v

US 2018/0070834 A1
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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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Fig. 28

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

y

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
CONTTNUOUSLY; DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

I

MARK ONSET AND QFFSET 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 [COz] (RUN) OF CAPNOGRAM.

y

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.”

A

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. :

v
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Fig. 30

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

A

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.

), 4

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

y

APPLY DIAGNOSTIC RULE:

IF (BP = NORMAL) AND (RR = NORMAL) AND (SPO; > 95 %SAT AND ETCOz <
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
CBSTRUCTION”

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

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.

3

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 INCLUDIN GA
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 WAVEFORMS,
AND QRS COMPLEX: :
MEASURE HR, BP (SYS / DIA), SPO;, AND ETCO;. MEASURE INITIAL SLOPE
(SLOPE) AND TIME TO RISE TO 80% OF MAX [CO4] (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.

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

l .
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Fig. 32B

Mar. 15,2018 Sheet 49 of 71

P

COLLECT AND MEASURE EVERY 15
MINUTES FOR ONE HOUR POST-
TREATMENT

COLLECT EXPIRED AIR SAMPLE,
CONVEY TO CAPNOGRAPH

DETERMINE [CO;] VALUE
CONTINUQUSLY; 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
{CO21 (RUN) OF CAPNOGRAM:

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 HEART FAILURE PRESENT”

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

IF (CAP-FEV1 < 50% AND 91% <
SPO; < 95 %SAT AND ETCO, > 45
MM HG), DISPLAY “SEVERE HEART
FAILURE PRESENT”.

US 2018/0070834 A1
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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 -
CONTINUQUSLY; DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

l

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), DISFLAY “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 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”.
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Fig. 34B

PERIODICALLY COLLECT AND APPLY DIAGNQOSTIC 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
CONTINUOUSLY; DIGITIZE AS MM HG/SEC) AND SPO, > 95 %SAT
WAVEFORM AND STORE FOR AND ETCO, <45 MM HG), DISPLAY
ANALYSIS. “NO BRONCHOSPASM PRESENT”

MARK ONSET AND OFFSET LIMITS ELSE IF (RUN>0.3 SEC AND SLOPE
OF CAPNOGRAM. <100 MM HG/SEC) AND 91 %SAT <

ASSESS WAVEFORM QUALITY USING SPO; <95 %SAT AND ETCO; < 45
RMS NOISE <2 MM HG AND BREATH- MM HG) DISPLAY “MODERATE
TO-BREATH CORRELATION > 0.85. BRONCHOSPASM PRESENT”

MEASURE INITIAL SLOPE (SLOPE) IF (CAP-FEV1 < 50% AND SPO; <91
AND TIME TO RISE TO 80% OF MAX %SAT AND ETCO; > 45 MM HG),
[CO:] (RUN) OF CAPNOGRAM. DISPLAY “SEVERE

BRONCHOSPASM PRESENT™.

\ 4



US 2018/0070834 A1

Mar. 15,2018 Sheet 53 of 71

Patent Application Publication

ANV (QVIHV 09 S.191

VAHOVHL NI 3804 G "9l4 VAHOVHL NI Jdnl

789
0ge _ )
@ i ~
" 98¢
7.8 “ |

THOHI 1SOF ST &I <= 045 .

IVHL HON i80l oL :
qHI 39N04S S,1AT 0, _ NOLLVEILLNI

VAHOVEL NI aang)| d <.wmmwﬁm_ﬁ%%m§ﬁ_ SAHONONE WALSNIVR
‘(IZITVINION IO %04 YOIH)
OMULTNASY AVIH 1 , :
| NAOAIAVA WHOJIAVA 'TYIONAY
¥
789 v8g
~ 3
] i
, fue

95 ) | 9.

7S 0le g , — 948

AdVL 1IN 045
40L THL TINOAS

NOILVENINI ¥AAISNOD
JINTVS A40LViIdSAY




Patent Application Publication Mar. 15,2018 Sheet 54 of 71  US 2018/0070834 A1

Fig. 36

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

Y

DETERMINE [CO;] VALUE CONTINUQUSLY; 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”,

\ 4
REPEATEDLY CHECK FOR ABNORMAL WAVEFORM SHAPE:
IF TRUE, THEN DISPLAY “TUBE IMPROPERLY POSITONED: CHECK FOR
RIGHT MAINSTEM INTUBATION”
ELSE DISPLAY “TUBE PROPERLY POSITONED: CONFIRM BREATH SOUNDS
AND SECURE TUBE.”

A

WHEN TUBE IS SECURE AS CONFIRMED BY OPERATOR,

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

DISPLAY “MONITORING INTUBATION”




US 2018/0070834 A1

Mar. 15,2018 Sheet 55 of 71

Patent Application Publication

719 '~
\ T2 y S— ¥19
509 (
£/ . N
809 Rl _ AJ
J 99 oty 919 — . m
AN DNIONOISHN SI AH~_ . : 909 $qg 009 919
: ‘QISONDVIA 4K LVHL ;[
JN_ONNT STH NI I0TD Q00Td ¥ INARLVIAL OL ESNOASTH 400D
VE QNVESQH 00 flo | “ONIZITVREON WHOLTAVA
509 L
19
7/ A\ ik
809
8 919
909
Y g ~ININLYEHL INVIS S,13T ‘WSTIOOHG
XIVNOATAd 10AdSnS
_ | TN DIV RIOLIAVH 209 ﬁﬁﬁgﬁ%ﬁﬁﬁg

/S 9|4 AHL NI SHILTTYRAONAY

TVRIONEY JYTTV




Patent Application Publication Mar. 15,2018 Sheet 56 of 71  US 2018/0070834 A1

Fig. 38 ' -

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

APPLY DIAGNOSTIC RULE:

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

- l

APPLY MONITORING RULE:
AFTER EACH INTERVAL, COMPUTE DIFFERENCE BETWEEN CONSECUTIVE
MEASURES
(D_SPO,>-5 OR ETCO, > +5 MM HG) THEN DISPLAY “DETERIORATING”,
(D_SPO;, >+5 MM OR ETCO; < -5 MM HG) THEN “IMPROVING”, ELSE
“UNCHANGED".

y

EXIT RULE: _

IF (ECG= NORMAL) AND (RR =NORMAL) AND
HR=NORMAL) AND SPO; > 95 %SAT AND ETCO, < 45 MM HG), DISPLAY
“VITAL SIGNS STABLE”
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Fig. 40

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.

y

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”
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Fig. 42

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 CONTINUOQUSLY;

DIGITIZE AS WAVEFORM AND STORE F OR 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.

APPLY DIAGNOSTIC RULE:

IF (LOCALIZED ST ELEVATION IN ECG) AND ( ETCO; IS DECLINING AT
LEAST 2 MM HG / MIN QVER 5 MINUTES)

DISPLAY “ACUTE MI SUSPECTED”

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

A

APPLY MONITORING RULE:

AFTER EACH INTERVAL, COMPUTE DIFFERENCE BETWEEN CONSECUTIVE
MEASURES

(D_STELEVATION>0.1 MM AND D_ETCO; < -1 MM HG / MIN) THEN
“WORSENING”, (D_STELEVATION<-0.1 MM AND D_ ETCO; > 1 MM HG / MIN)
THEN “IMPROVING”, ELSE “UNCHANGED”,
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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.,

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

MARK ONSET AND OFESET 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;z] (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 (SPO, < 91 %SAT AND ETCO; < 30 MM HG),
DISPLAY “VITAL SIGNS CRITICAL”.

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”, (D__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 SPQ, VALUES CONTINUOUSLY:
DIGITIZE AS WAVEFORM AND STORE FOR ANALYSIS.

MARK ONSET AND OFFSET LIMITS OF C'APNOGRAM, 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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VITAL SIGNS

ALERT:

FIG. 47

VITAL SIGNS
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Fig. 48

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

I

DETERMINE [CO,], ECG, NIBP, 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). SPO,, AND ETCO,. MEASURE INITIAL SLOPE
(SLOPE) AND TIME TO RISE TO 80% OF MAX [COz] (RUN) OF CAPNOGRAM,

r

WHEN CONFIRMED BY OPERATOR,

STORE BASELINE CARDIORESPIRATORY PATTERN, ENTER MONITQRING
MODE AND MONITOR FOR SIGNIFICANT CHANGE IN PATTERN.

DISPLAY “MONITORING STRESS RESPONSE”

PERIODICALLY COLLECT AND APPLY DIAGNOSTIC RULE TO
MEASURE: EACH SAMPLE:
COLLECT ECG, BP, SPO,, WHILE (NO SIGNS OF ISCHEMIA)
EXPIRED AIR SAMPLE, CONVEY AND (NO CHANGES TOWARDS
TO ANALYZER AS ABOVE ISCHEMIA)
DISPLAY “NO SIGNS OF ACUTE
DETERMINE SENSOR VALUES CARDIAC ISCHEMIA”
CONTINUOQUSLY; DIGITIZE AS :
WAVEFORM AND STORE FOR IF (SIGNS OF ISCHEMIA (ST
ANALYSIS, AS ABOVE. ELEVATION, T-WAVE CHANGES)
OR (RISING ST-VALUES ON ECG,
MEASURE PARAMETER AND DROPPING ETCO; VALUES)
VALUES, AS ABOVE, AND DISPLAY “ALERT: SIGNS OF
CONSECUTIVE DIFFERENCES. ACUTE CARDIAC ISCHEMIA” ‘J
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Fig. 50

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

3

DETERMINE [CO,] VALUE CONTINUOQUSLY; DIGITIZE AS WAVEFORM AND
STORE FOR ANALYSIS. : ‘ - -

A 4

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.

y

IF ETCO, >15 MM HG THEN PRINT “NORMAL WAVEFORM RHYTHM”

F\/IEASURE ETCO,.

PERIQDICAILY COLLECT AND APPLY DIAGNOSTIC RULE TO EACH
MEASURE: SAMPLE: '
COLLECT EXPIRED AIR SAMPLE, WHILE (ETCO; > 15 MM HG AND
CONVEY TO CAPNOGRAPH “NO LOSS OF WAVEFORM” AND RR
>8) .
DETERMINE [CO,] VALUE | DISPLAY “NORMAL VENTILATORY
CONTINUQUSLY; DIGITIZE AS WAVEFORM AND RHYTHM”
WAVEFORM AND STORE FOR
ANALYSIS. IF (ETCO,<15 MM HG OR “LOSS OF
WAVEFORM?” OR RR < 8) OR (50%
MEASURE ETCO, VALUE. INCREASE IN ETCO; OR 50%
INCREASE IN PATTERN
VARIABILTY OR:50% DECREASE IN
PATTERN SIMILARITY)
DISPLAY “ALERT: DIMINISHED
VENTILATORY WAVEFORM” N

/
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Fig. 52

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

v

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,; DETERMINE RESPIRATORY RATE (RR)

l

AT STARTUP, CHECK FOR VALID SIGNAL:

IF ETCO; >15 MM HG THEN PRINT “GOOD WAVEFORM QUALITY;
MONITORING LEVEL OF SEDATION”
WHEN CONFIRMED BY OPERATOR,

STORE BASELINE BREATHING PATTERN, ENTER MONITORING MODE

o
-

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 DISPLAY “NORMAL RESPIRATORY
CONTINUQUSLY: DIGITIZE AS PATTERN”

WAVEFORM AND STORE FOR
ANALYSIS. " IF10<sRR <12 _

MARK ONSET AND QFFSET DISPLAY “MILD HYPOVENTILATION”
LIMITS OF CAPNOGRAM.

ASSESS WAVEFORM QUALITY IF 50 MM HG < ETCO; < 60 MM HG
USING RMS NOISE < 2 MM HG AND6<RR <10
AND BREATH-TO-BREATH DISPLAY “MODERATE
CORRELATION > 0.85. HYPOVENTILATION”

MEASURE ETCO, AND RR

: IF ETCO, > 60 MM HG OR “LOSS OF
WAVEFORM” ORRR < 6
DISPLAY “ALERT: SEVERE
HYPOVENTILATION OR APNEA”

~_
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AUTOMATED INTERPRETIVE MEDICAL
CARE SYSTEM AND METHODOLOGY

REFERENCE TO CO-PENDING APPLICATIONS

[0001] This application is a Continuation-in-Part of U.S.
patent application Ser. No. 09/590,202 filed on 8 Jun. 2000,
entitled “Waveform Interpreter for Respiratory Analysis”.
[0002] Applicants hereby claim priority of U.S. Provi-
sional Patent Application Ser. No. 60/251,829 filed Dec. 7,
2001, entitled “Interpretive Medical Care System Using
Multiple Inputs”, of U.S. Provisional Patent Application Ser.
No. 60/251,828 filed Dec. 7, 2001, entitled “Interpretive
Cardiac Care System Using Multiple Inputs” and of U.S.
patent application Ser. No. 09/978,831, filed Oct. 15, 2001,
entitled “Respiratory Analysis with Capnography”.

FIELD OF THE INVENTION

[0003] The present invention relates to the use of respira-
tory information in automated medical status assessment.

BACKGROUND OF THE INVENTION

[0004] 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.

[0005] The disclosures of all references mentioned above
and throughout the present specification are hereby incor-
porated herein by reference.

SUMMARY OF THE INVENTION

[0006] The present invention seeks to provide improved
methods and apparatus for monitoring, diagnosing and treat-
ing at least one medical respiratory condition.
[0007] There is thus provided in accordance with a pre-
ferred embodiment of the present invention, a system
employing at least one parameter relating at least to respi-
ration of a patient for providing an indication relating to at
least one medical condition, the system including:
[0008] a medical data input interface adapted to provide
the at least one medical parameter relating at least to
respiration of the patient, and
[0009] a medical parameter interpretation functionality
receiving the at least one medical parameter relating at least
to respiration of the patient and providing the at least one
output indication relating to a degree of severity of at least
one medical condition indicated by the at least one medical
parameter.
[0010] 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
respiration of a patient for providing at least one indication
relating to at least one medical condition, the system includ-
ing:
[0011] a mobile platform, and
[0012] a medical care facility suitable for use by an
operator other than a medical doctor, the medical care
facility including:
[0013] a medical data input interface providing the at
least one medical parameter regarding a patient, and
[0014] a medical parameter interpretation function-
ality receiving the at least one medical parameter
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regarding the patient and providing the at least one
output indication relating to a degree of severity of
the at least one medical condition indicated by the at
least one medical parameter.
[0015] 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
respiration of a patient for providing at least one indication
relating to at least one medical condition, the system includ-
ing:
[0016] a medical data input interface providing the at least
one medical parameter regarding a patient,
[0017] a medical parameter interpretation functionality
receiving the at least one medical parameter regarding the
patient and providing the at least one output indication, and
[0018] a treatment control functionality for controlling the
provision of at least one treatment to a patient in response to
the at least one output indication.
[0019] 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 indica-
tion relating to at least one medical condition, the system
including:
[0020] a mobile platform, and
[0021] a medical care facility suitable for use by an
operator other than a medical doctor, the medical care
facility including:
[0022] a medical data input interface providing the at
least one medical parameter regarding a patient,
[0023] a medical parameter interpretation functionality
receiving the at least one medical parameter regarding
the patient and providing the at least one output indi-
cation, and
[0024] a treatment control functionality for controlling
the provision of at least one treatment to a-patient in
response to the at least one output indication.
[0025] 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
respiration of a patient for providing at least one indication
relating to at least one medical condition, the system includ-
ing:
[0026] a medical data input interface providing at least
two medical parameters regarding a patient, and
[0027] 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 feast one medical condition indicated by the at
least two medical parameters.
[0028] 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 indica-
tion relating to at least one medical condition, the system
including;
[0029] a mobile platform, and
[0030] a medical care facility suitable for use by an
operator other than a medical doctor, the medical care
facility including:
[0031] a medical data input interface providing at least
two medical parameters regarding a patient, and
[0032] a medical parameter interpretation functionality
receiving the at least two medical parameters regarding
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the patient and providing the at least one output indi-
cation relating to at least one medical condition indi-
cated by the at least two medical parameters.
[0033] There is thus also provided in accordance with
another preferred embodiment of to 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 including:
[0034] a medical data input interface providing the plu-
rality of medical parameters regarding a patient,
[0035] a medical parameter interpretation functionality
receiving the plurality of medical parameters regarding the
patient and providing the plurality of output indications, and
[0036] a medical treatment control functionality for con-
trolling the provision of at least one treatment to a patient in
response to changes in the relationship between the output
indications.
[0037] 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 including:
[0038] a mobile platform, and
[0039] a medical care facility suitable for use by an
operator other than a medical doctor, the medical care
facility including:
[0040] a medical data input interface providing a plu-
rality of medical parameters regarding a patient,
[0041] a medical parameter interpretation functionality
receiving the plurality of medical parameters regarding
the patient and providing the plurality of output indi-
cations, and
[0042] 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.
[0043] 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 respiration of a patient for providing an indication relating
to at least one medical condition, the system including:
[0044] a medical data input interface providing the plu-
rality of medical parameters regarding a patient, and
[0045] a medical parameter response functionality receiv-
ing the plurality of medical parameters regarding the patient
and providing an output indication based on the relationship
between the medical parameters.
[0046] 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:
[0047] a mobile platform, and
[0048] a medical care facility suitable for use by an
operator other than a medical doctor, the medical care
facility including:
[0049] a medical data input interface providing the
plurality of medical parameters regarding a patient, and
[0050] 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.
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[0051] 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:
[0052] a medical data input interface providing the plu-
rality of medical parameters regarding a patient, and
[0053] a medical treatment control functionality receiving
the plurality of medical parameters regarding the patient and
controlling at least one treatment based on a relationship
between the medical parameters.
[0054] 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 respiration of a patient for providing an indication relating
to at least one medical condition, the system including:
[0055] a mobile platform, and
[0056] a medical care facility suitable for use by an
operator other than a medical doctor, the medical care
facility including:
[0057] a medical data input interface providing the
plurality of medical parameters regarding a patient, and
[0058] amedical treatment control functionality receiv-
ing the plurality of medical parameters regarding the
patient and controlling at least one treatment based on
a relationship between the medical parameters.
[0059] 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 respiration of a patient for providing an indication relating
to at least one medical condition, the system including:
[0060] a medical data input interface providing the plu-
rality of medical parameters regarding a patient, and
[0061] a medical parameter response functionality receiv-
ing 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.
[0062] 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 respiration of a patient for providing an indication relating
to at least one medical condition, the system including:
[0063] a mobile platform, and
[0064] a medical care facility suitable for use by an
operator other than a medical doctor, the medical care
facility including:
[0065] a medical data input interface providing the
plurality of medical parameters regarding a patient, and
[0066] 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.
[0067] There is thus further provided in accordance with
another preferred embodiment of the present invention, an
emergency medical transport facility including:
[0068] a mobile platform, and
[0069] a medical care system suitable for use by an
operator other than a medical doctor, the medical care
system including:
[0070] a medical data input interface providing at least
one medical parameter regarding a patient, and
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[0071] 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.

[0072] 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
respiration of a patient for providing an indication relating to
at least one medical condition, the system including:
[0073] a medical data input interface adapted to provide
the at least one medical parameter relating at least to
respiration of the patient, and

[0074] 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:

[0075] a medical condition diagnosis functionality for
diagnosing the presence of the at least one medical condi-
tion, and

[0076] a medical condition severity functionality indicat-
ing the degree of severity of the at least one medical
condition.

[0077] 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
respiration of a patient for providing an indication relating to
at least one medical condition, the system including:
[0078] a mobile platform, and

[0079] a medical care facility suitable for use by an
operator other than a medical doctor, the medical care
facility including:

[0080] a medical data input interface providing the at
least one medical parameter regarding a patient, and

[0081] a medical parameter interpretation functionality
receiving the at least one medical parameter regarding
the patient and wherein the at least one medical param-
eter interpretation functionality includes:

[0082] a medical condition diagnosis functionality for
diagnosing the presence of the at least one medical condi-
tion, and

[0083] a medical condition severity functionality indicat-
ing the degree of severity of the at least one medical
condition.

[0084] 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
respiration of a patient for providing an indication relating to
at least one medical condition, the system including:
[0085] a medical data input interface adapted to provide
the at least one medical parameter relating at least to
respiration of the patient, and

[0086] 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:

[0087] a medical condition diagnosis functionality for
diagnosing the presence of the at least one medical
condition, and

[0088] a medical condition severity functionality indi-
cating the degree of severity of the at least one medical
condition, and,
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[0089] a treatment control functionality for controlling
the provision of at least one treatment to the patient in
response to the degree of severity.

[0090] 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
respiration of a patient for providing an indication relating to
at least one medical condition, the system including:
[0091] a mobile platform, and

[0092] a medical care facility suitable for use by an
operator other than a medical doctor, the medical care
facility including:

[0093] a medical data input interface providing the at
least one medical parameter regarding a patient, and

[0094] a medical parameter interpretation functionality
receiving the at least one medical parameter regarding
the patient and wherein the at least one medical param-
eter interpretation functionality includes:

[0095] a medical condition diagnosis functionality
for diagnosing the presence of the at least one
medical condition, and

[0096] a medical condition severity functionality
indicating the degree of severity of the at least one
medical condition, and,

[0097] a treatment control functionality for controlling
the provision, of at least one treatment to the patient in
response to the degree of severity.

[0098] There is thus also provided in accordance with
another preferred embodiment of the present invention, an
emergency medical transport methodology including:
[0099] transporting a patient on a mobile platform,
[0100] interfacing the patient with a medical data interface
which provides at least one medical parameter of the patient,
and

[0101] 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.

[0102] 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 condition of a patient, the condition being associ-
ated with at least one medical parameter, including the steps
of:

[0103] interfacing the patient with a medical data interface
which provides at least one medical parameter of the patient,
and

[0104] 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.

[0105] 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:

[0106] interfacing the patient with a medical data interface
which provides at least one medical parameter of the patient,
[0107] inputting the at least one medical parameter to a
medical parameter interpretation functionality, which inter-
prets the at least one medical parameter and provides an
output indication, and
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[0108] controlling the provision of the at least one treat-
ment in response to the output indication.

[0109] 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:

[0110] interfacing the patient with a medical data interface
which provides at least two medical parameters of the
patient,

[0111] inputting the at least two medical parameters to a
medical parameter interpretation functionality, which inter-
prets the at least two medical parameters and provides an
output indication of the at least one medical condition.
[0112] 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:

[0113] interfacing the patient with a medical data interface
which provides a plurality of medical parameters of the
patient,

[0114] inputting the medical parameters to a medical
parameter interpretation functionality, which interprets the
medical parameters and provides a plurality of output indi-
cations, and

[0115] controlling the provision of the at least one treat-
ment in response to changes in the relationship between the
output indications.

[0116] 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:

[0117] interfacing the patient with a medical data interface
which provides a plurality of medical parameters regarding
the patient, and

[0118] inputting the plurality of medical parameters to a
medical parameter interpretation functionality, which pro-
vides an output indication based on the relationship between
the medical parameters.

[0119] 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 treat-
ment to a patient for at least one medical condition including
the steps of:

[0120] interfacing the patient with a medical data interface
which provides a plurality of medical parameters of the
patient,

[0121] inputting the medical parameters to a medical
parameter interpretation functionality,

[0122] interpreting the medical parameters by the medical
parameter interpretation functionality,

[0123] providing a plurality of output indications by the
medical parameter interpretation functionality, and

[0124] inputting the output indications to a medical treat-
ment control unit, which controls the at least one treatment
in response to the relationship between the medical param-
eters.

[0125] 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:
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[0126] interfacing the patient with a medical data interface
which provides a plurality of medical-parameters regarding
the patient, and

[0127] inputting the medical parameters to a medical
parameter interpretation functionality,

[0128] interpreting the medical parameters by the medical
parameter interpretation functionality,

[0129] providing a plurality of output indications by the
medical parameter interpretation functionality, and

[0130] 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.

[0131] 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 condition of a patient, the condition being associ-
ated with at least one medical parameter, including the steps
of:

[0132] interfacing the patient with a medical data interface
which provides at least one medical parameter of the patient,
[0133] 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

[0134] medically treating the patient in accordance with
the output indication.

[0135] 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:

[0136] (i) 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,

[0137] (i) processing the at least one monitoring output so
as to provide at least one corresponding processing output
by means of a processor,

[0138] (iii) displaying a first indication of the patient on a
display responsive to the at least one corresponding pro-
cessing output,

[0139] (iv) medically treating the patient in accordance
with the indication,

[0140] (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,

[0141] (vi) processing the difference in the at least one at
least one monitoring parameter so as to provide at least one
corresponding processing output of the difference, and,
[0142] (vii) displaying a second indication of the patient
on a display responsive to the at least one corresponding
processing output of the difference.

[0143] There is thus yet further provided in accordance
with another preferred embodiment of the present invention,
a method of controlling the provision of at least one treat-
ment to a patient for at least one medical condition including
the steps of:

[0144] interfacing the patient with a medical data interface
which provides at least one medical parameter of the patient,
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[0145] inputting the at least one medical parameter to a
medical parameter interpretation functionality, which intet-
prets the at least one medical parameter and provides an
output indication, and

[0146] controlling the provision of the at least one treat-
ment in response to the output indication.

[0147] 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:

[0148] interfacing the patient with a medical data interface
which provides a plurality of medical parameters of the
patient,

[0149] inputting the medical parameters to a medical

parameter interpretation functionality, which interprets the
medical parameters and provides a plurality of output indi-
cations,

[0150] controlling the provision of the at least one treat-
ment in response to changes in the relationship between the
output indications, and

[0151] providing an update in a status of the patient
responsive to the output indications.

[0152] 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:

[0153] interfacing the patient with a medical data interface
which provides a plurality of medical parameters regarding
the patient,

[0154] inputting the plurality of medical parameters to a
medical parameter interpretation functionality, which pro-
vides the output indication based on the relationship
between the medical parameters, and

[0155] providing a treatment recommendation by means
of a treatment recommendation functionality.

[0156] 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:

[0157] interfacing the patient with a medical data interface
which provides a plurality of medical parameters of the
patient,

[0158] inputting the medical parameters to a medical
parameter interpretation functionality, which interprets the
medical parameters and provides a plurality of output indi-
cations,

[0159] inputting the output indications to a medical treat-
ment control unit, which controls the at least one treatment
in response to the relationship between the medical param-
eters, and

[0160] providing an update in a status of the patient
responsive to the relationship between the medical param-
eters.

[0161] 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:

[0162] interfacing the patient with a medical data interface
which provides a plurality of medical parameters regarding
the patient, and
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[0163] inputting the medical parameters to a medical
parameter interpretation functionality, which interprets the
medical parameters and provides a plurality of output indi-
cations,

[0164] 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, and
[0165] controlling the provision of at least one treatment
in response to the degree of severity.

[0166] 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 param-
eter, including a computer-readable medium in which pro-
gram instructions are stored, which instructions, when read
by a computer, cause the computer to:

[0167] interface the patient with a medical data interface
which provides at least one medical parameter of the patient,
and

[0168] input 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.
[0169] 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:

[0170] interface the patient with a medical data interface
which provides at least one medical parameter of the patient,
[0171] input the medical parameter to a medical parameter
interpretation functionality, which interprets the at least one
medical parameter and provides an output indication, and
[0172] control the provision of the at least one treatment in
response to the output indication.

[0173] There is thus further provided in accordance with
another preferred embodiment of the present invention, a
computer software product for providing an output indica-
tion 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:

[0174] interface the patient with a medical data interface
which provides at least two medical parameters of the
patient,

[0175] input the at least two medical parameters to a
medical parameter interpretation functionality, which inter-
prets the at least two medical parameters and provides an
output indication of the at least one medical condition.
[0176] 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:

[0177] interface the patient with a medical data interface
which provides a plurality of medical parameters of the
patient,
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[0178] input the medical parameters to a medical param-
eter interpretation functionality, which interprets the medical
parameters and provides a plurality of output indications,
and

[0179] control the provision of the at least one treatment in
response to changes in the relationship between the output
indications.

[0180] There is thus also provided in accordance with
another preferred embodiment of the present invention, a
computer software product for providing an output indica-
tion 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:

[0181] interface the patient with a medical data interface
which provides a plurality of medical parameters regarding
the patient, and

[0182] input the medical parameters to a medical param-
eter response unit, which providing the output indication
based on the relationship between the medical parameters.
[0183] 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:

[0184] interface the patient with a medical data interface
which provides a plurality of medical parameters of the
patient,

[0185] input the medical parameters to a medical treat-
ment control unit, which controls the at least one treatment
in response to the relationship between the medical param-
eters.

[0186] There is thus additionally provided in accordance
with another preferred embodiment of the present invention,
a computer software product for providing an output indi-
cation relating to a degree of severity of at least one medical
condition 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:

[0187] interface the patient with a medical data interface
which provides a plurality of medical parameters regarding
the patient, and

[0188] input the medical parameters to a medical param-
eter 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.
[0189] 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
of a 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:

[0190] provide the at least one medical parameter relating
at least to respiration of the patient by means of a medical
data input interface, and

[0191] receive the at least one medical parameter regard-
ing the patient by means of a medical parameter interpre-
tation functionality, and,
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[0192] provide an output indication relating to a degree of
severity of at least one medical condition indicated by the at
least one medical parameter.

[0193] There is thus also provided in accordance with
another preferred embodiment of the present invention, a
computer software product for providing an indication relat-
ing 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:

[0194] (i) monitor 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,

[0195] (ii) process the at least one monitoring output so as
to provide at least one corresponding processing output by
means of a processor,

[0196] (iii) display a first indication of the patient on a
display responsive to the at least one corresponding pro-
cessing output,

[0197] (iv) medical treating the patient in accordance with
the indication,
[0198] (v) repeat the monitoring step (i) and processing

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

[0199] (vi)process the difference in the at least one at least
one monitoring parameter so as to provide at least one
corresponding processing output of the difference, and,
[0200] (vii) display a second indication of the patient on a
display responsive to the at least one corresponding pro-
cessing output of the difference.

[0201] 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:

[0202] interface the patient with a medical data interface
which provides at least one medical parameter of the patient,
[0203] input the at least one medical parameter to a
medical parameter interpretation functionality, which inter-
prets the at least one medical parameter and provides an
output indication, and

[0204] control the provision of the at least one treatment in
response to the output indication.

[0205] 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 operative to continuously monitor the at least one
medical parameter.

[0206] 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.

[0207] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided a system
wherein the data input interface includes at least one moni-
toring device operative to continuously monitor the plurality
of medical parameters.

[0208] Preferably, the at least one monitoring device
includes a capnograph.
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[0209] Additionally, in accordance with a preferred
embodiment of the present invention, there is provided a
system wherein the at least one monitoring device is opera-
tive to collect a sample of expired air from the patient.
[0210] 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
following:

[0211] an electrocardiogram (ECG) monitoring device,
[0212] a blood pressure monitoring device,

[0213] an electroencephalogram (EEG) monitoring
device,

[0214] an NI blood pressure monitoring device,

[0215] a respiratory rate monitoring device,

[0216] a heart rate monitoring device,

[0217] a systemic perfusion monitoring device, and
[0218] an exhaled air monitoring device.

[0219] Further, in accordance with a preferred embodi-

ment of the present invention, there is provided a system
wherein the at least one monitoring device is operative to
monitor at least one of:

[0220] an expired air carbon dioxide concentration, and
[0221] an expired air carbon dioxide profile parameter.
[0222] Yet further, in accordance with a preferred embodi-

ment 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:

[0223] a carbon dioxide waveform (capnogram),

[0224] an EEG waveform, and

[0225] an ECG waveform.

[0226] 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.

[0227] Additionally, in accordance with a preferred
embodiment of the present invention, there is provided a
system wherein at least one of:

[0228] the at least one monitoring device, and

[0229] the medical parameter interpretation functionality,
is further operative to provide at least one of the following
measurements:

[0230] a slope of the increase in the carbon dioxide
concentration,
[0231] arun of time taken to reach 80% maximum exhaled

CO, concentration, and

[0232] an angle of rise to 80% maximum exhaled CO,
concentration.
[0233] Also, in accordance with a preferred embodiment

of the present invention, there is provided a system wherein
at least one of:

[0234] the at least one monitoring device, and

[0235] the medical parameter interpretation functionality,
is further operative to a value of CAP-FEV1.

[0236] Furthermore, in accordance with a preferred
embodiment of the present invention, there is provided a
system wherein the medical parameter interpretation func-
tionality is further operative to provide an alert responsive to
ameasure of CAP-FEV1 being less than 50% of an expected
value.

[0237] Moreover, in accordance with a preferred embodi-
ment of the present invention, there is provided a system
wherein the medical parameter interpretation functionality is
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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.

[0238] Additionally, in accordance with a preferred
embodiment of the present invention, there is provided a
system wherein the medical parameter interpretation func-
tionality is further operative to provide an indication of at
least one of:

[0239] defective functioning of the monitoring device,
and,
[0240] defective placing of the monitoring device,

responsive to a value of at least one of the measurements.
[0241] 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:

[0242] an expired air carbon dioxide concentration, and
[0243] an expired air carbon dioxide profile parameter.
[0244] 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:

[0245] a visual parameter,

[0246] a breathing parameter,

[0247] an oxygen parameter,

[0248] an ECG parameter,

[0249] a heart function parameter,

[0250] a neurological parameter,

[0251] a blood pressure parameter, and

[0252] an EEG parameter.

[0253] 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:

[0254] a visual parameter,

[0255] a breathing parameter,

[0256] an oxygen parameter,

[0257] an ECG parameter,

[0258] a heart function parameter,

[0259] a neurological parameter,

[0260] a blood pressure parameter, and

[0261] an EEG parameter.

[0262] 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:

[0263] a visual parameter,

[0264] a breathing parameter,

[0265] an oxygen parameter,

[0266] an ECG parameter,

[0267] a heart function parameter,

[0268] a neurological parameter,

[0269] a blood pressure parameter, and

[0270] an EEG parameter.

[0271] Also, the visual parameter includes a visual appear-

ance of the patient.

[0272] Additionally, the breathing parameter includes at
least one of:

[0273] a respiratory rate of the patient,

[0274] an FEV value, and

[0275] an FVC value.

[0276] Furthermore, the oxygen parameter includes at
least one of:

[0277] PO,, and

[0278] SPO,
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[0279] Preferably, the ECG parameter includes at least one
of:

[0280] a QRS parameter, and

[0281] an ST segment.

[0282] Typically, the heart function parameter includes a

heart rate parameter.
[0283] Generally, the neurological function parameter
includes a reflex parameter.

[0284] Also, the blood pressure parameter includes at least
one of:

[0285] a blood pressure measurement, and

[0286] a systolic: diastolic ratio.

[0287] Furthermore, in accordance with a preferred

embodiment of the present invention, there is provided a
system wherein the medical parameter interpretation func-
tionality is operative to provide an indication of the patient’s
status being within a normal range if at least one of the
following requirements is fulfilled:

[0288] a) the blood pressure values are within the normal
range,

[0289] b) the respiratory rate is normal,

[0290] c) CO, run is less than or equal to 0.3 sec,
[0291] d) CO, slope is more than or equal to 100 mm
Hg/sec,

[0292] e) SPO, is greater or equal to than 95%, and
[0293] ) ETCO, is less than or equal to 45 mm Hg.
[0294] Additionally, in accordance with a preferred

embodiment of the present invention, there is provided a
system wherein the medical parameter response functional-
ity is operative to provide an output indication responsive to
a deviation from any one of the following requirements:

[0295] a) the blood pressure values are within the normal
range,

[0296] b) the respiratory rate is normal,

[0297] c¢) CO, run is less than or equal to 0.3 sec,
[0298] d) CO, slope is more than or equal to 100 mm
Hg/sec,

[0299] e) SPO, is greater or equal to than 95%, and
[0300] ) ETCO, is less than or equal to 45 mm Hg.
[0301] 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
provide a treatment to the patient responsive to a deviation
from any one of these requirements:

[0302] a) the blood pressure values are within the normal
range,

[0303] b) the respiratory rate is normal,

[0304] c¢) CO, run is less than or equal to 0.3 sec,

[0305] d) CO, slope is more than or equal to 100 mm
Hg/sec,

[0306] e) SPO, is greater or equal to than 95%, and
[0307] f) ETCO,is less than or equal to 45 mm Hg.
[0308] Additionally, in accordance with a preferred

embodiment of the present invention, there is provided a
system wherein the medical parameter interpretation func-
tionality is operative to provide an indication of the patient’s
status being within a normal range if all of the following
requirements are fulfilled:

[0309] a) the blood pressure values are within the normal
range,

[0310] b) the respiratory rate is normal,

[0311] ¢) CO, run is less than or equal to 0.3 sec,

[0312] d) CO, slope is more than or equal to 100 mm

Hg/sec,
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[0313] e) SPO, is greater or equal to than 95%, and
[0314] ) ETCO, is less than or equal to 45 mm Hg.
[0315] Additionally, in accordance with a preferred

embodiment of the present invention, there is provided a
system wherein the medical parameter interpretation func-
tionality includes:

[0316] a medical condition diagnosis functionality for
diagnosing the presence of the at least one medical condi-
tion, and

[0317] a medical condition severity indication functional-
ity for indicating the degree of severity of the at least one
medical condition.

[0318] Also, 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
outside the normal range if any of the requirements are not
fulfilled.

[0319] 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.
[0320] Additionally, in accordance with a preferred
embodiment of the present invention, there is provided a
system wherein the medical condition diagnosis functional-
ity is operative to diagnose a respiratory disorder.

[0321] Moreover, in accordance with a preferred embodi-
ment 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.

[0322] 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 respi-
ratory disorder responsive to a quantitative measure of
deviation of at least one parameter from at least one of the
requirements.

[0323] 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:

[0324] a restrictive lung disease,

[0325] bronchospasm,

[0326] asthma,

[0327] bronchitis;

[0328] emphysema,

[0329] a respiratory failure,

[0330] fibrosis, and

[0331] an upper airway obstructive disease.

[0332] Furthermore, in accordance with a preferred

embodiment of the present invention, there is provided a
system wherein the medical condition diagnosis functional-
ity is operative to provide a diagnosis of the restrictive lung
disease responsive to at least one of the following cases:

[0333] the run is greater or equal to 0.3 sec, or
[0334] the slope is less than or equal to 100 mm Hg/sec.
[0335] Additionally, in accordance with a preferred

embodiment of the present invention, there is provided a
system wherein the medical condition diagnosis functional-
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ity is operative to provide a diagnosis of the obstructive lung
disease responsive to at least one of the following cases:

[0336] the run is less than 0.3 sec, or
[0337] the slope is more than 100 mm Hg/sec.
[0338] Further, in accordance with a preferred embodi-

ment 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.
[0339] Yet further, in accordance with a preferred embodi-
ment 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:

[0340] CAP-FEVI is less than or equal to a 40:10 point
ratio,

[0341] a normal CAP-FEV1/FVC ratio,

[0342] CO, run is less than 0.3 sec, and

[0343] CO, slope is more than 100 mm Hg/sec.

[0344] Additionally, in accordance with a preferred

embodiment of the present invention, there is provided a
system wherein the medical condition diagnosis functional-
ity 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.

[0345] Moreover, in accordance with a preferred embodi-
ment 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:

[0346] intubation of the patient,

[0347] hospitalization of the patient,

[0348] treat the patient with medication, and

[0349] transfer of the patient to an intensive care unit.
[0350] Further, in accordance with a preferred embodi-

ment 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.

[0351] Furthermore, in accordance with a preferred
embodiment of the present invention, there is provided a
system wherein the medical parameter interpretation func-
tionality 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.

[0352] Yet further, in accordance with a preferred embodi-
ment 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.

[0353] Still further, in accordance with a preferred
embodiment of the present invention, there is provided a
system wherein the medical parameter interpretation func-
tionality 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.

[0354] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided a system
which also includes a treatment recommendation function-

ality.
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[0355] 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.

[0356] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided a system
wherein the treatment recommendation functionality is
operative to recommend treatment responsive to a change in
at least one of the following:

[0357] a change in the run,

[0358] a change in the ETCO,,

[0359] a change in the slope,

[0360] a change in the angle of rise of CO,, and

[0361] a change in the SPO,.

[0362] Yet further, in accordance with a preferred embodi-

ment 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.

[0363] 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 provide an alert if at least one of the following
requirements is fulfilled:

[0364] a change in the run of more than 0.1 s,

[0365] achange in the slope is more negative than —-15 mm
Hg/sec, and

[0366] a change in the SPO, is more negative than -5%.
[0367] Further, in accordance with a preferred embodi-

ment of the present invention, there is provided a system
wherein the treatment recommendation functionality is
operative to provide a recommendation for at least one of the
following treatments responsive to at least one of the
requirements:

[0368] intubation of the patient,

[0369] hospitalization of the patient,

[0370] treat the patient with intravenous medication, and
[0371] transfer of the patient to an intensive care unit.
[0372] Further, in accordance with a preferred embodi-

ment of the present invention, there is provided a system
wherein the treatment recommendation functionality is
operative to provide a recommendation to perform at least
one of:
[0373]

[0374] continue treating the patient if at least one of the
following conditions is fulfilled:

[0375] a change in the run is less negative or equal to
-0.1 s but less positive or equal to 0.1 s,

continue monitoring, and

[0376] 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
[0377] achange in the SPO, is less negative or equal to
-5%, but less positive or equal to +5%.
[0378] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided a system
wherein the treatment recommendation functionality is
operative to perform at least one of the following:
[0379] provide a message indicative of an improvement in
the patient’s status, and
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[0380] recommend discontinuing a treatment procedure, if
at least one of the following conditions is fulfilled:

[0381] achange in the run is more negative than -0.1 s,

[0382] a change in the slope is more positive than +15

mm Hg/sec, and

[0383] a change in the SPO, is more positive than 5%.
[0384] Also, in accordance with a preferred embodiment,
of the present invention, there is provided a system wherein
the treatment recommendation functionality is operative to
provide a recommendation to continue monitoring the
patient responsive to the pattern of changes indicating at
least one of:

[0385] a deterioration in the status of the patient, and,
[0386] a non-significant change in the status of the patient.
[0387] Additionally, in accordance with a preferred

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

[0388] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided a system
wherein the treatment recommendation functionality is addi-
tionally responsive to information regarding other treatment
received by the patient.

[0389] Also, in accordance with a preferred embodiment
of the present invention, there is provided a system including
a treatment control functionality for controlling the provi-
sion of at least one treatment to a patient.

[0390] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided a system
wherein the at least one treatment includes at least one of:

[0391] intubation of the patient,

[0392] hospitalization of the patient,

[0393] treat the patient with medication, and

[0394] transfer of the patient to an intensive care unit.
[0395]  Yet further, in accordance with a preferred embodi-

ment 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
overtime.

[0396] 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.

[0397] Further, in accordance with a preferred embodi-
ment 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.

[0398] 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.

[0399] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided a system
wherein the at least one medical parameter includes a
plurality of medical parameters.

[0400] Furthermore, in accordance with a preferred
embodiment of the present invention, there is provided a
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system wherein at least two medical parameters include a
plurality of medical parameters.

[0401] 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, SPQ,, PO,, NIBP and spirometry
parameters.

[0402] Further, in accordance with a preferred embodi-
ment 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.
[0403] 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.

[0404] Also, the at least one medical parameter preferably
includes a plurality of medical parameters.

[0405] Yet further, in accordance with a preferred embodi-
ment 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.

[0406] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided a system
further operative to provide a treatment responsive to at least
one of:

[0407] the output indication, and
[0408] the remote location.
[0409] Further, in accordance with a preferred embodi-

ment of the present invention, there is provided an emer-
gency medical transport facility and wherein the medical
parameter interpretation functionality includes:

[0410] a medical condition diagnosis functionality for
diagnosing the presence of the at least one medical condi-
tion, and

[0411] a medical condition severity functionality indicat-
ing the degree of severity of the at least one medical
condition.

[0412] 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.

[0413] 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.
[0414] Additionally, in accordance with a preferred
embodiment of the present invention, there is provided an
emergency medical transport facility also including treat-
ment recommendation functionality.

[0415] Furthermore, 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 at least one medical parameter over time.
[0416] Also, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport facility wherein the treatment recommen-
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dation functionality is responsive to a pattern of changes in
the degree of severity of the at least one medical condition
over time.

[0417] Additionally, in accordance with a preferred
embodiment of the present invention, there is provided an
emergency medical transport facility wherein the treatment
recommendation functionality is additionally responsive to
information regarding other treatment received by the
patient.

[0418] Moreover, in accordance with a preferred embodi-
ment of the present invention, there is provided an emer-
gency medical transport facility which includes a treatment
control functionality for controlling the provision of at least
one treatment to a patient.

[0419] Furthermore, 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 at least one medical parameter over time.

[0420] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided an emer-
gency medical transport facility wherein the treatment con-
trol functionality is responsive to a pattern of changes in the
degree of severity of the at least one medical condition over
time.

[0421] 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.

[0422] 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 param-
eters.

[0423] 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.

[0424] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided an emer-
gency medical transport facility wherein the output indica-
tion relating to a degree of severity of at least one medical
condition is determined at least partially by changes in at
least one medical parameter.

[0425] Yet further, in accordance with a preferred embodi-
ment of the present invention, there is provided an emer-
gency medical transport facility which also includes a trans-
mitter functionality for conveying the output indication to a
remote location.

[0426] 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.

[0427] 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:

[0428]
[0429]

an expired air carbon dioxide concentration, and
an expired air carbon dioxide profile parameter.
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[0430] 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:

[0431] an expired air carbon dioxide concentration, and
[0432] an expired air carbon dioxide profile parameter.
[0433] 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

[0434] an expired air carbon dioxide concentration, and
[0435] an expired air carbon dioxide profile parameter.
[0436] Also, in accordance with a preferred embodiment

of the present invention, there is provided a method wherein
interfacing the patient includes monitoring the patient by
means of at least one of:

[0437] a monitoring device, and

[0438] the medical parameter interpretation functionality.
Additionally, in accordance with a preferred embodiment of
the present invention,

[0439] there is provided a method wherein monitoring the
patient includes monitoring by means of at least one of the
following:

[0440] an electrocardiogram (ECG) monitoring device,
[0441] a blood pressure monitoring device,

[0442] an electroencephalogram (EEG) monitoring
device,

[0443] an NI blood pressure monitoring device,

[0444] a respiratory rate monitoring device,

[0445] a heart rate monitoring device,

[0446] a methodic perfusion monitoring device, and
[0447] an exhaled air monitoring device.

[0448] Also, in accordance with a preferred embodiment

of the present invention, there is provided a method wherein
monitoring includes monitoring at least one of the following
waveforms:

[0449] a carbon dioxide waveform (capnogram),

[0450] an EEG waveform, and

[0451] an ECG waveform.

[0452] 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.

[0453] Also, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
analyzing the sample includes digitizing at least one of the
waveforms.

[0454] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided a method
wherein monitoring the patient includes providing at least
one of the following measurements:

[0455] a slope of the increase in the carbon dioxide
concentration,
[0456] arun of time taken to reach 80% maximum exhaled

CO, concentration, and

[0457] an angle of rise to 80% maximum exhaled CO,
concentration.
[0458] Also, in accordance with a preferred embodiment

of the present invention, there is provided a method wherein
providing the output includes indicating at least one of:

[0459] defective functioning of the monitoring device,
and,
[0460] defective placing of the monitoring device,

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



US 2018/0070834 A1

[0461] 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-FEV1.

[0462] Also, in accordance with a preferred embodiment
of the present invention, there is provided a method includ-
ing providing an alert responsive to a measure of CAP-
FEV1 being less than 50% of an expected value.

[0463] 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:

[0464] the run being greater than 0.3 seconds, or
[0465] the slope being less than 100 mm Hg/sec.
[0466] 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:

[0467] a visual parameter,

[0468] a breathing parameter,

[0469] an oxygen parameter,

[0470] an ECG parameter,

[0471] a heart function parameter,

[0472] a neurological parameter,

[0473] a blood pressure parameter, and

[0474] an EEG parameter.

[0475] 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:

[0476] a visual parameter,

[0477] a breathing parameter,

[0478] an oxygen parameter,

[0479] an ECG parameter,

[0480] a heart function parameter,

[0481] a neurological parameter,

[0482] a blood pressure parameter, and

[0483] an EEG parameter.

[0484] 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:

[0485] a visual parameter,

[0486] a breathing parameter,

[0487] an oxygen parameter,

[0488] an ECG parameter,

[0489] a heart function parameter,

[0490] a neurological parameter,

[0491] a blood pressure parameter, and

[0492] an EEG parameter.

[0493] Also, in accordance with a preferred embodiment

of the present invention, there is provided a method further
including providing an indication of a status of the patient as
being within a normal range if at least one of the following
requirements is fulfilled:

[0494] a) the blood pressure values are within the normal
range,

[0495] b) the respiratory rate is normal,

[0496] c) CO, run is less than or equal to 0.3 sec,
[0497] d) CO, slope is more than or equal to 100 mm
Hg/sec,

[0498] e) SPO, is greater or equal to than 95%, and
[0499] ETCO, is less than or equal to 45 mm Hg.
[0500] Additionally, in accordance with a preferred

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

[0501] a) the blood pressure values are within the normal
range,

[0502] b) the respiratory rate is normal,

[0503] c¢) CO, run is less than or equal to 0.3 sec,
[0504] d) CO, slope is more than or equal to 100 mm
Hg/sec,

[0505] e) SPO, is greater or equal to than 95%, and
[0506] 1) ETCO, is less than or equal to 45 mm Hg.
[0507] Furthermore, in accordance with a preferred

embodiment of the present invention, there is provided a
method including:

[0508] diagnosing a presence of the at least one medical
condition by a medical condition diagnosis functionality,
and

[0509] indicating a degree of severity of the at least one
medical condition by a medical condition severity indication
functionality.

[0510] Yet further, in accordance with a preferred embodi-
ment 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.

[0511] Also, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
including indicating the degree of severity of the at least one
medical condition responsive to a degree of deviation from
of any of the requirements.

[0512] 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 disor-
der.

[0513] Furthermore, in accordance with a preferred
embodiment of the present invention, there is provided a
method wherein diagnosing the respiratory disorder includes
providing a diagnosis of a severity of the respiratory disor-
der responsive to a quantitative measure of deviation from at
least one of the requirements.

[0514] 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:

[0515] a restrictive lung disease,

[0516] bronchospasm,

[0517] asthma,

[0518] bronchitis,

[0519] emphysema,

[0520] a respiratory failure,

[0521] fibrosis, and

[0522] an upper airway obstructive disease.

[0523] 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 diagnosis of the restrictive lung disease respon-
sive to at least one of the following cases:

[0524] the run is greater than 0.3 sec, or
[0525] the slope is less than 100 mm Hg/sec.
[0526] Also, 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 obstructive lung disease responsive to at least
one of the following cases:
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[0527] the run is less than or equal to 0.3 sec, or
[0528] the slope is more than or equal to 100 mm Hg/sec.
[0529] Further, in accordance with a preferred embodi-

ment of the present invention, there is provided a method
wherein providing the indication includes providing a diag-
nosis of a heart disorder responsive to any of the require-
ments not being fulfilled.

[0530] 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 conditions are fulfilled:

[0531] CAP-FEVI is less than or equal to a 40:10 point
ratio,

[0532] a normal CAP-FEV1/FVC ratio,

[0533] CO, run is less than or equal to 0.3 sec, and
[0534] CO, slope is more than or equal to 100 mm Hg/sec.
[0535] Also, in accordance with a preferred embodiment

of the present invention, there is provided a method wherein
providing an indication includes providing a diagnosis of a
severity of the heart disorder.

[0536] 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.

[0537] Also, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
providing a plurality of output indications includes provid-
ing at least one recommendation to perform at least one of
the following treatments:

[0538] intubation of the patient,

[0539] hospitalization of the patient,

[0540] treat the patient with medication, and

[0541] transfer of the patient to an intensive care unit.

Typically the visual parameter includes a visual appearance
of the patient. Generally the breathing parameter includes at
least one of:

[0542] a respiratory rate of the patient,

[0543] an FEV value, and

[0544] an FVC value.

Normally, the oxygen parameter includes at least one of:
[0545] PO,, and

[0546] SPO,.

Generally, the ECG parameter includes at least one of:
[0547] a QRS parameter, and

[0548] an ST segment.

Preferably, the heart function parameter includes a heart rate
parameter. Typically, the neurological function parameter
includes a reflex parameter.

[0549] 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:

[0550] a blood pressure measurement, and
[0551] a systolic:diastolic ratio.
[0552] 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.

[0553] 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,

[0554] Additionally, in accordance with a preferred
embodiment of the present invention, there is provided a
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method providing the output indication responsive to a
pattern of changes in the plurality of medical parameters
over time.

[0555] Also, in accordance with a preferred embodiment
of the present invention, there is provided a method includ-
ing providing an output indication responsive to a pattern of
changes in the degree of severity of the at least one medical
condition over time.

[0556] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided a method
including providing a treatment recommendation by means
of a treatment recommendation functionality.

[0557] Also, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
providing the treatment recommendation is responsive to a
pattern of changes of at least one medical parameter over
time.

[0558] 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.

[0559] 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:

[0560] a change in a run,

[0561] a change in an ETCO,,

[0562] a change in a slope,

[0563] a change in an angle of rise of CO,, and

[0564] a change in an SPO,.

[0565] Also, in accordance with a preferred embodiment

of the present invention, there is provided a method wherein
providing the treatment recommendation is responsive to a
pattern of changes in the degree of severity of the at least one
medical condition over time.

[0566] 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:

[0567] a change in the run of more than 0.1 s,

[0568] achange in the slope is more negative than —15 mm
Hg/sec, and

[0569] a change in the SPO, is more negative than —5%.
[0570] Also, in accordance with a preferred embodiment

of the present invention, there is provided a method wherein
providing the treatment recommendation includes providing
a recommendation for at least one of the following treat-
ments:

[0571] intubation of the patient,

[0572] hospitalization of the patient,

[0573] treat the patient with intravenous medication, and
[0574] transfer of the patient to an intensive care unit.
[0575] Additionally, in accordance with a preferred

embodiment of the present invention, there is provided a
method wherein providing the treatment includes providing
a recommendation to perform at least one of:
[0576] continue monitoring the patient, and
[0577] continue treating the patient,
provided at least one of the following conditions is fulfilled:
[0578] a change in the run is less negative or equal to
-0.1 s but less positive or equal to 0.1 s,
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[0579] 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

[0580] a change in the SPO, is less negative or equal to
-5%, but less positive or equal to +5%.

[0581] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided a method
wherein providing the treatment includes at least one of the
following:

[0582] providing a message indicative of an improvement
in the patient’s status, and

[0583] recommending discontinuing a treatment proce-
dure, if at least one of the following conditions is fulfilled:

[0584] a change in the run is more negative than -0.1 s,
[0585] a change in the slope is more positive than +15 mm
Hg/sec, and

[0586] a change in the SPO, is more positive than 5%.
[0587] Also, 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 continue monitoring the patient responsive to the
pattern of changes indicating at least one of:

[0588] a deterioration in the status of the patient, and,
[0589] 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.

[0590] Also, in accordance with a preferred embodiment
of the present invention, there is provided a method includ-
ing providing at least one of the following treatments to the
patient:

[0591] intubation of the patient,

[0592] hospitalization of the patient,

[0593] treat the patient with medication, and

[0594] transfer of the patient to an intensive care unit.
[0595] 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.

[0596] Further, in accordance with a preferred embodi-
ment 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.

[0597] 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
parameters.

[0598] 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.

[0599] Further, in accordance with a preferred embodi-
ment 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 param-
eters.

[0600] Also, in accordance with a preferred embodiment
of the present invention, there is provided a method wherein
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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.

[0601] Additionally, in accordance with a preferred
embodiment of the present invention, there is provided a
method including conveying the output indication to a
remote location by means of a transmitter functionality.
[0602] Also, in accordance with a preferred embodiment
of the present invention, there is provided a method includ-
ing conveying the plurality of output indications to a remote
location by means of a transmitter functionality.

[0603] Also, in accordance with a preferred embodiment
of the present invention, there is provided a method 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.

[0604] 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:

[0605] diagnosing the presence of at least one medical
condition by means of a medical condition diagnosis func-
tionality, and

[0606] indicating the degree of severity of the at least one
medical condition by means of a medical condition severity
functionality.

[0607] Additionally, in accordance with a preferred
embodiment of the present invention, there is provided an
emergency medical transport methodology including pro-
viding an output indication responsive to a pattern of
changes in the at least one medical parameter over time by
means of the medical parameter interpretation functionality.
[0608] Additionally, in accordance with a preferred
embodiment of the present invention, there is provided an
emergency medical transport methodology 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.

[0609] Also, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport methodology including providing a treat-
ment recommendation by means of a treatment recommen-
dation functionality.

[0610] Additionally, in accordance with a preferred
embodiment of the present invention, there is provided an
emergency medical transport methodology wherein the
treatment recommendation functionality is responsive to a
pattern of changes in the at least one medical parameter over
time.

[0611] Also, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport methodology wherein the treatment rec-
ommendation functionality is responsive to a pattern of
changes in the degree of severity of the at least one medical
condition over time.

[0612] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided an emer-
gency medical transport methodology wherein the treatment
recommendation functionality is additionally responsive to
information regarding other treatment received by the
patient.

[0613] Also, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
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medical transport methodology wherein including treatment
control functionality for controlling the provision of at least
one treatment to the patient.

[0614] 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.
[0615] Also, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport methodology wherein the treatment con-
trol functionality is responsive to a pattern of changes in the
degree of severity of the at least one medical condition over
time.

[0616] 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.

[0617] Also, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport methodology wherein the at least one
medical parameter includes a plurality of medical param-
eters.

[0618] Additionally, in accordance with a preferred
embodiment of the present invention, there is provided an
emergency medical transport methodology wherein the plu-
rality of medical parameters includes at least two of CO,,
ECG, SPQO,, PO,, NIBP, EEG and spirometry parameters.
[0619] Further, in accordance with a preferred embodi-
ment of the present invention, there is provided an emer-
gency 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 medical parameter.

[0620] Yet further, in accordance with a preferred embodi-
ment of the present invention, there is provided an emer-
gency medical transport methodology including a transmit-
ter functionality for conveying the output indication to a
remote location.

[0621] Also, in accordance with a preferred embodiment
of the present invention, there is provided an emergency
medical transport methodology wherein the treatment con-
trol functionality controls the provision of the at least one
treatment to a patient in response to changes in the output
indication over time.

[0622] 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 treatment to a patient in response to the location
of the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0623] The present invention will be understood and
appreciated more fully from the following detailed descrip-
tion, taken in conjunction with the drawings in which:

[0624] FIGS. 1A, 1B and 1C are simplified pictorial
illustrations showing a medical care system and methodol-
ogy employing at least one parameter relating at least to
respiration for automatically providing an output indication
relating to at least one medical condition in accordance with
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a preferred embodiment of the present invention in three
different types of care environments;

[0625] FIG. 2 is a flowchart illustrating operation of the
embodiments of FIGS. 1A-1C;

[0626] 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;

[0627] FIG. 4 is a flowchart illustrating operation of the
embodiment of FIG. 3;

[0628] 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;

[0629] FIGS. 6A and 6B are flowcharts illustrating opera-
tion of the embodiment of FIG. 5,

[0630] 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;

[0631] FIGS. 8A and 8B are flowcharts illustrating opera-
tion of the embodiment of FIG. 7;

[0632] 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;

[0633] FIGS. 10A, 10B and 10C are a flowcharts illus-
trating operation of the embodiment of FIG. 9;

[0634] FIGS. 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 bronchospasm, gauging the response to treatment
and recommending disposition of spontaneously breathing
patients;

[0635] FIG. 12 is a flowchart illustrating operation of the
embodiment of FIG. 11;

[0636] 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;

[0637] FIGS. 14A and 14B are flowcharts illustrating
operation of the embodiment of FIG. 13;

[0638] FIG. 15 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for distin-
guishing between heart failure and emphysema, where
emphysema is present;

[0639] FIGS. 16A and 16B are flowcharts illustrating
operation of the embodiment of FIG. 15;

[0640] FIG. 17 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for moni-
toring intubation status of a patient;
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[0641] FIG. 18 is a flowchart illustrating operation of the
embodiment of FIG. 17;

[0642] FIG. 19 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for moni-
toring respiratory status of a patient in a first clinical
scenario;

[0643] FIG. 20 is a flowchart illustrating operation of the
embodiment of FIG. 19;

[0644] FIGS. 21A and 21B are simplified pictorial illus-
trations of an automatic medical diagnostic and treatment
system and methodology operative in a hospital environ-
ment for monitoring intubation status of a patient in a second
clinical scenario;

[0645] FIGS.22A,22B and 22C are flowcharts illustrating
operation of the embodiment of FIGS. 21A and 21B;
[0646] FIGS. 23A and 23B are simplified pictorial illus-
trations of a diagnostic and treatment system and method-
ology operative in a physician’s office environment for
detecting the presence and severity of bronchospasm, gaug-
ing the response to treatment and recommending disposition
of a spontaneously breathing patient in a first clinical
scenario,

[0647] FIGS. 24A and 24B are flowcharts illustrating
operation of the embodiment of FIGS. 23A and 23B;
[0648] FIGS. 25A and 25B are simplified pictorial illus-
trations 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 rec-
ommending disposition of a spontaneously breathing patient
in a second clinical scenario;

[0649] FIGS. 26A and 26B are flowcharts illustrating
operation of the embodiment of FIGS. 25A and 25B;
[0650] FIGS. 27A and 27B are simplified pictorial illus-
trations 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 reaction, gauging the response to treatment and
recommending disposition;

[0651] FIG. 28 is a flowchart illustrating operation of the
embodiment of FIGS. 27A and 27B;

[0652] FIG. 29 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology in an ambulance environment for distinguish-
ing between upper airway obstruction and lower airway
obstruction, gauging the response to treatment and recom-
mending disposition;

[0653] FIG. 30 is a flowchart illustrating operation of the
embodiment of FIG. 29;

[0654] FIG. 31 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for distin-
guishing between heart failure and emphysema in a scenario
in which heart failure is present;

[0655] FIGS. 32A and 32B are flowcharts illustrating
operation of the embodiment of FIG. 31;

[0656] FIG. 33 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for treat-
ing pulmonary edema;

[0657] FIGS. 34A and 34B are flowcharts illustrating
operation of the embodiment of FIG. 33;

Mar. 15,2018

[0658] FIG. 35 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for anes-
thesia monitoring;

[0659] FIG. 36 is a flowchart illustrating operation of the
embodiment of FIG. 35;

[0660] FIG. 37 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for diag-
nosis and treatment of pulmonary embolism;

[0661] FIG. 38 is a flowchart illustrating operation of the
embodiment of FIG. 37;

[0662] FIGS. 39A and 39B are simplified pictorial illus-
trations of an automatic medical diagnostic and treatment
system and methodology operative in a hospital environ-
ment for determination of correct nasogastric tube place-
ment;

[0663] FIG. 40 is a flowchart illustrating operation of the
embodiment of FIGS. 39A and 39B;

[0664] FIG. 41 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for diag-
nosis and treatment of myocardial infarction;

[0665] FIG. 42 is a flowchart illustrating operation of the
embodiment of FIG. 41;

[0666] FIG. 43 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for diag-
nosis and treatment of cardiogenic shock;

[0667] FIG. 44 is a flowchart illustrating operation of the
embodiment of FIG. 43;

[0668] FIG. 45 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for diag-
nosis and treatment of cardiac arrest;

[0669] FIG. 46 is a flowchart illustrating operation of the
embodiment of FIG. 45;

[0670] FIG. 47 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for diag-
nosis and treatment of cardiac ischemia;

[0671] FIG. 48 is a flowchart illustrating operation of the
embodiment of FIG. 47;

[0672] FIG. 49 is a simplified pictorial illustration of an
automatic medical diagnostic and treatment system and
methodology operative in a hospital environment for moni-
toring sedation; and

[0673] FIG. 50 is a flowchart illustrating operation of the
embodiment of FIG. 49;

[0674] 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

[0675] FIG. 52 is a flowchart illustrating operation of the
embodiment of FIG. 51.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0676] Reference is now made to FIGS. 1A, 1B and 1C,
which are simplified pictorial illustrations showing a medi-
cal care system and methodology employing at least one
parameter relating at least to respiration for automatically
providing an output indication relating to at least one
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medical condition in accordance with a preferred embodi-
ment of the present invention in three different types of care
environments.

[0677] 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 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 100, 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 Jeru-
salem Israel, typically coupled with a capnograph 102, such
as a Microcap®, commercially available from Oridion Ltd.,
of Jerusalem Israel. Other patient physiologic activities
relating to cardiac function (e.g. electrocardiogram (ECG)),
cerebral perfusion (e.g. CEREBRAL OXIMETRY), oxy-
genation (e.g. pulse oximetry) and systemic circulation (e.g.
. . . blood pressure (NIBP)), may also be sensed and
measured by suitable instrumentation 104.

[0678] The outputs of the capnograph 102 and possibly of
additional instrumentation 104 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 110, which typically analyzes the respiration
parameter output of the capnograph 102, and also typically
has an associated 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 instrumentation 104, and provided as outputs via com-
puter 110 and display 112, which preferably contain diag-
nostic statements, which preferably characterize the type
and severity of a medical condition, as well as treatment
recommendations.

[0679] Turning to FIG. 1B, it is seen that 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 100, such as a 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 Jeru-
salem Israel, typically coupled with a capnograph 113, 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
oximetry) and systemic circulation (e.g. NIBP), may also be
sensed and measured by suitable instrumentation 114.
[0680] The outputs of the capnograph 113 and possibly of
additional instrumentation 114 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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 preferably characterize the type and severity of a
medical condition, as well as treatment recommendations.
[0681] 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.

[0682] Turning to FIG. 1C, it is seen that in a hospital
environment, such as an emergency department, medical
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ward or intensive care unit (ICU), various patient physi-
ologic activities are sensed and measured, including respi-
ratory physiologic activities, preferably via an oral airway
adapter and/or a nasal or nasal/oral cannula 120, such as a
Nasal FilterLine Adult XS 04461, 0,/CO, Nasal FilterLine
Adult 007141, or Smart CapnoLine Adult (Oral/nasal Fil-
terLine) 007414, commercially available from to Oridion
Ltd., of Jerusalem Israel, typically coupled with a capno-
graph 122, such as a Microcap®, commercially available
from Oridion Ltd., of Jerusalem Israel. Other patient physi-
ologic activities relating to cardiac function (e.g. ECG),
cerebral perfusion (e.g. CEREBRAL OXIMETRY), oxy-
genation (e.g. pulse oximetry)and systemic circulation (e.g.
NIBP), may also be sensed and measured by suitable instru-
mentation 124.

[0683] The outputs of the capnograph 122 and possibly of
additional instrumentation 124 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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
severity of a medical condition, as well as treatment recom-
mendations.

[0684] Reference is now made to FIG. 2, which is a
flowchart illustrating operation of the embodiments of FIGS.
1A-1C.

[0685] Inasensing stage, the patient’s physiologic activity
preferably is monitored by collecting an expired air sample
via cannula 100, and conveying the sample to an analyzer,
integrally part of a capnograph, such as capnograph 102
(FIG. 1A), 113 (FIG. 1B), and 122 (FIG. 1C). Simultane-
ously, some of the patient’s other physiological parameters
may be sensed, sampled and monitored employing suitable
instrumentation 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 per-
fusion, and oxygenation parameters.

[0686] Data including the parameters monitored and
sampled by, for example, instrumentation 104 are relayed to
computer 110. The measured patient parameters are ana-
lyzed by computer 110 and advisory statements, preferably
including at least one of diagnostic statements as to the
character and severity of a medical condition and therapeutic
recommendations may be displayed on a display 112, or
transmitted to a remote location. Changes in the measured
patient parameters are recorded over time by computer 110
and the resulting 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 diagnostic statements as to the character and
severity of a medical condition and therapeutic recommen-
dations.

[0687] 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 (ETCO,) 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,
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[0688] 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 (hence-
forth designated as “slope”) and angle of rise up to 80% of
the maximum carbon dioxide exhaled are measured.
[0689] In a rule application step, the following rules
defining the patient status preferably are applied by com-
puter 110, for example, to the CO, profile measured by
capnograph 102:

[0690] If:

[0691] 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,

[0692] D) the slope of the increase in concentration of CO,
is less than 100 mm Hg/sec (designated henceforth as
“slope” or “CO, slope™);

[0693] then: an alert signal such as “ALERT: BRONCHO-
SPASM PRESENT” or “ALERT: ASTHMA PATIENT” is
displayed on display 112 associated with computer 110.
[0694] If the patient is an asthma patient according to the
definition of the previous step, then the patient receives the
appropriate treatment. Thereafter, a second set of exhaled
carbon dioxide profile measurements are taken by capno-
graph 102, and the differences between the initial measure-
ments and these second set of measurements are computed
by computer 110. The following decision rule is preferably

applied:

[0695] If:

[0696] a) the difference in the run is less than 0.1 sec; and
[0697] b) the difference in the slope is less than +15 mm
Hg/sec;

[0698] then,

[0699] a message is displayed on display 112 such as

“ADMIT PATIENT TO HOSPITAL”. Additionally or alter-
natively, further tests may be performed for checking the
severity of the patient’s condition as are described herein-
below.

[0700] If the patient is not yet in hospital, as is portrayed
in FIGS. 1A and 1B, then a typical message is “ADMIT TO
HOSPITAL”. Whereas, if the patient is already in the
hospital environment (FIG. 1C), a typical message is
“PATIENT REQUIRES URGENT TREATMENT BY PHY-
SICTAN.” Additionally or alternatively, further tests may be
performed for checking the severity of the patient’s condi-
tion as are described hereinbelow.

[0701] 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
IMPROVING” on display 112.

[0702] 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 environment for detecting the presence and sever-
ity of bronchospasm, gauging the response to treatment and
recommending disposition of the patient. As seen in FIG. 5,
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, pref-
erably via an oral airway 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
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CapnoLine Adult (Oral/nasal FilterLine) 007414, commet-
cially available from Oridion Ltd., of Jerusalem Israel,
typically coupled with a capnograph 132, such as a Micro-
cap®, commercially available from Oridion Ltd., of Jeru-
salem 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 134, a finger sensor 136, a
forehead/scalp sensor 138, cannula 130 and a blood pressure
cuff (sphygmomanometer) 140 respectively, may also be
sensed and measured by suitable instrumentation 154.

[0703] The outputs of the capnograph 132 and preferably
of additional instrumentation 154 are preferably supplied to
a suitably programmed automatic diagnostic and treatment
computer 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 diag-
nostic statement, here “ALERT: MODERATE BRONCHO-
SPASM PRESENT”. The severity of the patient’s condition
is defined by measured parameters as described hereinbe-
low.

[0704] The patient is preferably 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 bronchospasm condition. The patient is then transferred
to an ambulance.

[0705] Reference is now made additionally to FIG. 4,
which illustrates the operation of the system and method-
ology 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 prefer-
ably 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. Neuro-
logical status of the patient is acquired by any suitable
technique, including visual and electroencephalograph
(EEG) monitoring. Values of CO, concentration, ECG,
NIBP and the SPO, (the percent saturation of the hemoglo-
bin molecule with oxygen) in units of % saturation (desig-
nated as % SAT herein), are continuously monitored, and
carbon dioxide waveforms are preferably digitized as a
capnogram 169 and together with other waveforms are
stored in computer 144.

[0706] 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 a measure of volume. The character
ratio is FEV1/FVC. This is the ratio of flow to volume:
markedly less than 1 in bronchospasm, and close to a value
of 1 in patients of normal status and those with restrictive
disease.

[0707] 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 obstruc-
tive and restrictive disorders.
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[0708] Forced expiratory volume (FEV) values are pref-
erably determined employing, a correlation from at least one
capnographic measurement, and are denoted herein as CAP-
FEV or CAP-FEV1 (measured over one second). The sever-
ity criteria is assessed from the capnogram using a measure
that we refer to as Cap-FEV1, to emphasize it’s relation to
the gold-standard FEV1 and it’s derivation from the Cap-
nogram. The area under capnogram 169 is measured over
the first second. This, the CAP-FEV1 is computed as (SUM
[CO,] (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 FEVI.
[0709] 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 preferably supplied to suitably programmed auto-
matic diagnostic and treatment computer 144, having asso-
ciated display 146, which typically analyzes the respiration
parameter output of the capnograph 132.
[0710] 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
ETCQ,. The slope of CO, (mm Hg/sec), and CO, “run”, of
the capnogram 132, measured, to 80% of maximum CO,
concentration, are calculated by computer 144.
[0711] Following each treatment, computer 144 computes
the differences between consecutive measurements of the
various patient parameters. Thereafter, in a diagnostic rule
application step, the following diagnostic rules are prefer-
ably applied to the measured parameters by computer 144:
[0712] 1). If

[0713] a) the blood pressure values are within the

normal range;

[0714] b) the respiratory rate is normal;
[0715] c) CO, run is less than or equal to 0.3 sec;
[0716] d) CO, slope is more than or equal to 100 mm
Hg/sec;
[0717] e) SPO, is greater or equal to than 95% SAT; and
[0718] f) ETCO, is less than or equal to 45 mm Hg;
[0719] then,
[0720] display 146 shows the message “VITAL SIGNS
WITHIN NORMAL LIMITS.”
[0721] 2) In contrast, if:

[0722] a) CO, run is greater than 0.3 sec;
[0723] b) CO, slope is less than 100 mm Hg/sec;
[0724] c¢) SPO, is more than or equal to 91% SAT but

less than 95% SAT; and
[0725] d) ETCO, is less than 45 mm Hg;
[0726] then,
[0727] the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 146.
[0728] 3) If the parameters measured are yet further
removed from the acceptable range, such as if:
[0729] a) CAP-FEV1 (forced expiratory volume in one
second) is less than 50%;
[0730] D) SPO, is less than 92% SAT; and
[0731] c¢) ETCO, (end tidal value of the exhaled carbon
dioxide) is greater than 45 mm Hg;

Mar. 15,2018

[0732] then,

[0733] a message such as “SEVERE BRONCHOS-
PASM PRESENT” is displayed on display 146.

[0734] It should be understood from this example that the
severity of the a respiratory disorder, whether restrictive or
obstructive, may be determined by CAP-FEV1 measure-
ments. 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 diagnose whether the patient is suffering from a
restrictive or obstructive breathing disorder as is described
hereinabove.

[0735] Reference is now made to FIG. 5, which is also a
simplified pictorial illustration of an automatic medical
diagnostic and treatment system and methodology in an
on-scene environment for detecting the presence and sever-
ity of bronchospasm, 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 short-
ness 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 Jeru-
salem Israel, typically coupled with a capnograph 152, such
as a Microcap®, commercially available from Oridion Ltd.,
of Jerusalem Israel. Other patient physiologic activities
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), typi-
cally 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.

[0736] The outputs of the capnograph 152 and preferably
of additional instrumentation 154 are preferably supplied to
a suitably programmed automatic diagnostic and treatment
computer 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 diag-
nostic statement, here “ALERT: SEVERE BRONCHOS-
PASM PRESENT”.

[0737] The patient is 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 bronchos-
pasm 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
recommendation may also be provided, such as “CON-
SIDER INTUBATION”.

[0738] Intubation is performed and correct intubation tube
placement is confirmed by continuing monitoring of the
physiologic activities of the patient. A status statement, here:
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“ADEQUATE CO, WAVEFORM—TUBE IN TRACHEA”
and a treatment recommendation, here “SECURE TUBE”
appear.
[0739] 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 intubation tube in the trachea. A status statement, here
“TUBE IN TRACHEA” appears. Typically, the position of
the tube is continuously monitored by computer 160, and a
status statement “MONITORING TUBE POSITION”
appears on display 162.
[0740] 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-parameter 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, forehead/scalp sensor 158 and blood pressure
cuff 168, is monitored. Neurological status of the patient is
acquired by any suitable technique.
[0741] At least one expired air sample is 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 ETCQO, and
SPO, (SYS/DIA). SPO,, NIBP, and cerebral oximetry val-
ues, and these parameters are measured and/or determined
continuously by techniques as detailed hereinabove. These
parameter values are typically digitized as waveforms and
are further stored for analysis by computer 160.
[0742] In an analyzing step, the onset and offset limits of
capnograph 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 cal-
culated by computer 160.
[0743] Thereafter, in a diagnostic rule application step, the
following diagnostic rules are applied to the measured
parameters by computer 160:
[0744] 1.if:

[0745] a) the blood pressure values are within the

normal range;

[0746] D) respiratory rate is normal;
[0747] c¢) CO, run is less than or equal to 0.3 sec;
[0748] d) CO, slope is more than or equal to 100 mm
Hg/sec;
[0749] e) SPO, is greater than or equal to 95% SAT; and
[0750] f) ETCO, is less than or equal to 45 mm Hg;
[0751] then,

[0752] computer 160 displays a message “NO BRON-
CHOSPASM PRESENT” on display 162.

[0753] 2) In contrast, if:
[0754] a) CO, run is greater than 0.3 sec;
[0755] b) CO, slope is less than 100 mm Hg/sec;
[0756] c) SPO, is more than or equal to 91% SAT, but

less than 95% SAT; and
[0757] d) ETCO, is less than 45 mm Hg;
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[0758] then,
[0759] computer 160 provides the message “MODER-
ATE BRONCHOSPASM PRESENT” on display 162.
[0760] 3) If the parameters measured are yet further
removed from the acceptable range, such as if:
[0761] a) CAP-FEVI is less than 50%;
[0762] b) SPO, is more than or equal to 90% SAT, but
is less than 91% SAT; and
[0763] c¢) ETCO, is greater than 45 mm Hg, but less
than or equal to 60 mm Hg;
[0764] then,

[0765] computer 160 provides a message “SEVERE
BRONCHOSPASM PRESENT?” on display 162.
[0766] 4. If the parameters measured are still yet further

removed from the acceptable range, such as if:

[0767] a) SPO, is less than 90% SAT;
[0768] D) the respiratory rate is less than 8 per minute;
[0769] c¢) ETCO, is greater than 60 mm Hg; and
[0770] d) the neurological parameters are poor;

[0771] then,

[0772] computer 160 issues a message on display 162
stating “RESPIRATORY FAILURE; CONDITION
CRITICAL; CONSIDER INTUBATION”.

[0773] Subsequently. in an intubation stage, a standard
intubation procedure is followed, as is described herein-
above in FIG. 5. Thereafter, an operator, typically a physi-
cian or paramedic, confirms that the intubation monitoring
mode has been activated, and the patient is monitored for a
successful outcome of the intubation. Thereafter, computer
160 displays a message stating “MONITORING FOR
INTUBATION” on display 162.

[0774] The next step entails a checking procedure,
wherein the ETCO, value is measured by capnograph 152.
[0775] The following checking rule is preferably applied.
[0776] 1) If:

[0777] a) the ETCO, value is more than 15;

[0778] then,

[0779] a display is provided by computer 160 stating
“GOOD WAVEFORM, to TUBE IN TRACHEA,
CONFIRM AND SECURE TUBE” on display 162.

[0780] Thereafter, the ETCO, value is measured again by
capnograph 152, and recorded by computer 160. The fol-
lowing monitoring rules are preferably applied.
[0781] 1).If

[0782] a) the ETCO, value is more than 15 mm Hg;
[0783] then,

[0784] a message is displayed by computer 160 on
display 162 stating “MONITORING TUBE IN POSI-
TION: NO DISLODGEMENT.”

[0785] 2) Whereas, if:

[0786] a) the ETCO, value is less than or equal to 15
mm Hg; or

[0787] D) there is a loss in the tracking of the waveform
by capnograph 152;

[0788] then,

[0789] a message is displayed by computer 160 stating
“ALERT: CHECK FOR TUBE DISLODGEMENT”
on display 162.

[0790] Reference is now made FIG. 7, which is a simpli-
fied 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 rec-
ommending disposition of spontaneously breathing patients.
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As seen in FIG. 7, 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
170, 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 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 oxi-
metry), cerebral oxygenation (e.g. cerebral oximetry) and
systemic circulation (e.g. NIBP), typically 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.
[0791] The outputs of the capnograph 172 and possibly of
additional instrumentation 182 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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 PRES-
ENT”. A breathing treatment is administered after which a
diagnostic statement which indicates the patient status and
the severity of the respiratory condition is preferably pre-
sented, here “GOOD RESPONSE TO TREATMENT, CON-
DITION IMPROVING”. Additional breathing treatment is
typically administered after which a diagnostic statement
which indicates the current patient status and the severity of
the respiratory condition is preferably presented, here “NO
BRONCHOSPASM PRESENT, CONDITION STABLE”.
[0792] Preferably, response to treatment statements as
well as disposition recommendations may be appended to
patient status statements, here “RAPID RESPONSE TO
TREATMENT, CONDITION REMAINS STABLE, DIS-
CHARGE TO HOME LIKELY™.

[0793] 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.

[0794] 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 environment, attached to a multi-parameter
monitor including capnograph 172, by means of cannula 170
and preferably also by means of chest electrodes 174, finger
sensor 176, scalp/forehead 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 instrumentation 182 are supplied to computer
184, 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 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
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capnograph 172, are calculated by computer 184. Addition-
ally, neurological findings, monitored by means of an EEG
are inputted to computer 184.
[0795] In an analyzing step, the onset and offset limits of
the capnogram, pulse waveforms, and the QRS complex.
(ECG) are marked by computer 184.
[0796] Following each treatment, the differences between
consecutive measurements of the various patient parameters
are evaluated by computer 184. After each treatment, in a
diagnostic rule application step, the following diagnostic
rules are preferably applied to the measured parameters by
computer 184:
[0797] 1) If:

[0798] a) the blood pressure values are within the

normal range;

[0799] b) the respiratory rate is normal,
[0800] ¢) CO, run is less than or equal to 0.3 sec;
[0801] d) CO, slope is more than or equal to 100 mm
Hg/sec;
[0802] e) SPO, is greater than or equal to 95% SAT; and
[0803] f) ETCO, is less than or equal to 45 mm Hg;
[0804] then,
[0805] display 162 shows the message “NO BRON-
CHOSPASM PRESENT”
[0806] 2) In contrast, if:

[0807] a) CO, run is greater than 0.3 sec;
[0808] b) CO, slope is less than 100 mm Hg/sec;
[0809] c) SPO, is more than or equal to 91% SAT less

than 95% SAT; and
[0810] d) ETCO, is less than 45 mm Hg;
[0811] then,
[0812] the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 186.

[0813] 3) If the parameters measured are yet further
removed from the acceptable range, such as if:

[0814] a) CAP-FEVI is less than 50%;

[0815] b) SPO, is less than 92% SAT; and

[0816] c) ETCO, is greater than 45 mm Hg;
[0817] then,

[0818] a message such as “SEVERE BRONCHOS-
PASM PRESENT” is displayed on display 186.
[0819] The findings of the last stage are stored by com-
puter 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 recommendations back to the ambulance.
[0820] After each time interval, the difference between
consecutive measures of each parameter are calculated by
computer 184. Thereafter; the following monitoring rules
are preferably applied to the measured parameters by com-

puter 184.
[0821] 1)If:
[0822] a) the difference in the run values is greater than
+0.1 sec; and
[0823] D) the difference in the slope is more negative
than -15 mm Hg/sec;
[0824] then,
[0825] computer 184 displays on display 186 “BRON-
CHOSPASM WORSENING”.



US 2018/0070834 A1

[0826] 2) If:
[0827] a) the difference in the run values is more
negative than -0.1 sec; and
[0828] b) the difference in the slope is more than +15
mm Hg/sec;
[0829] then,
[0830] computer 184 displays on display 186 “BRON-
CHOSPASM IMPROVING™.
[0831] 3)If:
[0832] a) the difference in the slope is more than or
equal to =15 mm Hg/sec and less in than or equal to +15

mm Hg/sec;
[0833] then,
[0834] computer 184 displays on display 186
“UNCHANGED”.
[0835] The change in patient’s vital functional activities,

including SPO, and ETCO,, over the time interval are
calculated by computer 184.

[0836] 4) If:
[0837] a) the decrease in SPO, is more than —5% SAT;
or
[0838] b) the increase in the ETCO, is more than +5 mm
Hg;
[0839] then,
[0840] computer 184 displays on display 186 “VITAL

SIGNS DETERIORATING.”

[0841] 5)If:
[0842] a) the increase in SPO, is greater than +5% SAT;
or
[0843] b) the decrease in the ETCO, is less than -5 mm
Hg;
[0844] then,
[0845] computer 184 displays on display 186 “VITAL

SIGNS IMPROVING”.
[0846] ©) If:
[0847] a) the change in SPO, is greater than or equal to
-5% SAT, but less than or equal to +5%; or
[0848] D) the change in the ETCO, is more than or equal
to =5 mm Hg, or less than or equal to +5 mm Hg;
[0849] then.
[0850] computer 184 displays on display 186 “VITAL
SIGNS UNCHANGED.”
[0851] Computer 184 preferably combines the results of
these monitoring rules to display an integrated display 186
such as “BRONCHOSPASM WORSENING; VITAL
SIGNS UNCHANGED.”
[0852] Thereafter, in a transmission stage, the connection
with the receiving center is maintained. 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.
[0853] Following the transmission stage, the following
exit rules are preferably applied to the measured parameters
by computer 184:

[0854] 1) If:

[0855] a) the blood pressure values are within normal
limits;

[0856] b) the respiratory rate is within normal limits;
[0857] c) the value of the CO, run is less than 0.3 seconds;
and

[0858] d) the CO, slope is greater than 100 mm Hg/sec;
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[0859] then,

[0860] Computer 184 preferably displays on display 186
“NO BRONCHOSPASM PRESENT”.

[0861] 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.

[0862] 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 environment for detecting the presence and
severity of bronchospasm, gauging the response to treatment
and recommending disposition of mechanically ventilated
patients. As seen in FIG. 9 and similarly to that described
hereinabove with reference 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 Jeru-
salem Israel, typically coupled with a capnograph 202, such
as a Microcap®, commercially available from Oridion Ltd.,
of Jerusalem Israel. Other patient physiologic activities
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), typi-
cally 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 measured by
suitable instrumentation 210. 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 instrumenta-
tion 212

[0863] The outputs of the capnograph 202 and preferably
of additional instrumentation 212 are preferably supplied to
a suitably programmed automatic diagnostic and treatment
computer 214 having an associated display 216, which
typically analyzes the respiration parameter output of the
capnograph 202 and preferably other physiologic activities
and provides an output which preferably contains a diag-
nostic statement, here “ALERT: SEVERE BRONCHOS-
PASM PRESENT”.

[0864] The patient is 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 214 to indicate the response to the
breathing treatment and the current status of the patient
condition. 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 WORSEN-
ING”. A treatment recommendation may also be provided,
such as “CONSIDER INTUBATION”.

[0865] Intubation is performed and correct initial tube
placement is confirmed followed by continuous monitoring
of the physiologic activities of the patient, which indicate
current tube position. Where intubation is successful, a
status statement, here: “ADEQUATE CO2 WAVEFORM—
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TUBE IN TRACHEA” and a treatment recommendation,
here “SECURE TUBE” appear. Where intubation is not
successful, a status statement, here: “NO C0O2 WAVE-
FORM—TUBE IN ESOPHAGUS” and a treatment recom-
mendation, here “REINTUBATE” appear.
[0866] Following successful intubation, continuous moni-
toring may provide a status statement such as “ADEQUATE
CO2 WAVEFORM-TUBE IN TRACHEA—NO to DIS-
LOGEMENT” may appear. If tube dislodgment occurs at
any time following intubation, a status statement appears,
here “CO2 WAVEFORM ABSENT” preferably accompa-
nied by a treatment recommendation, here “CHECK FOR
TUBE DISLOGEMENT”.
[0867] 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.
[0868] Reference is now made additionally to FIGS. 10A-
10C, which illustrate the operation of the system and meth-
odology of the system of the present invention in the context
of FIG. 9.
[0869] In a monitoring step, the patient in an ambulance
environment, attached to a multi-parameter monitor includ-
ing capnograph 202 and instrumentation 212, by means of
cannula 200 and preferably also by means of chest elec-
trodes 204, finger sensor 206, scalp/forehead sensor 208 and
blood pressure cuff 209, is monitored continuously, Neuro-
logical 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 com-
puter 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 SPO, values are measured. The initial
slope of the capnogram and the run, monitored by capno-
graph 202, are calculated by computer 214. Additionally,
neurological findings, monitored by means of an EEG are
inputted to computer 214.
[0870] Following each treatment, the differences between
consecutive measurements of the various patient parameters
are evaluated by computer 214. After each treatment, in a
diagnostic rule application step, the following diagnostic
rules are preferably applied to the measured parameters by
computer 214:
[0871] 1) If:

[0872] a) the blood pressure values are within the

normal range;

[0873] b) the respiratory rate is normal;
[0874] c¢) CO, run is less than or equal to 0.3 sec;
[0875] d) CO, slope is more than or equal to 100 mm
Hg/sec;
[0876] e) SPO, is greater than or equal to 95% SAT; and
[0877] f) ETCO, is less than or equal to 45 mm Hg;
[0878] then,

[0879] display 216 shows the message “NO BRON-
CHOSPASM PRESENT.”

[0880] 2) In contrast, if:
[0881] a) CO, run is greater than 0.3 sec;
[0882] b) CO, slope is less than 100 mm Hg/sec;
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[0883] c) SPO, is more than or equal to 91% SAT but
less than 95% SAT; and
[0884] d) ETCO, is less than 45 mm Hg;
[0885] then,
[0886] the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 216.
[0887] 3) If the parameters measured are yet further
removed from the acceptable range, such as if:

[0888] a) CAP-FEVI is less than 50%,

[0889] b) SPO, is less than 91% SAT; and

[0890] c) ETCO, is greater than 45 mm Hg;
[0891] then,

[0892] a message such as “SEVERE BRONCHOS-
PASM PRESENT” is preferably displayed on display
216.

[0893] The findings of the last stage are stored by com-
puter 214 and/or transmitted to a dispatch/receiving center,
typically located at a hospital or medical center]. A connec-
tion is established with the dispatch/receiving center, and the
data 1s 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.

[0894] After each time interval, the difference between
consecutive measures of each parameter are calculated by
computer 214: Thereafter, the following monitoring rules
are preferably applied to the measured parameters by com-
puter 214.

[0895] 1) If:

[0896] a) the difference in the run values is greater than
0.1 sec; and

[0897] D) the difference in the slope is more negative
than -15 mm Hg/sec;

[0898] then,

[0899] computer 214 displays on display 216 “BRON-

CHOSPASM WORSENING”.
[0900] 2)If:

[0901] a) the difference in the run values is more
negative than -0.1 sec; and

[0902] 1) the difference in the slope is more positive
than +15 mm Hg/sec;

[0903] then,

[0904] computer 214 displays on display 216 “BRON-

CHOSPASM IMPROVING”.

[0905] 3)If:
[0906] 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;
[0907] then,
[0908] computer 214 displays on display 216 “BRON-
CHOSPASM UNCHANGED”.
[0909] The change in patient’s vital functional activities,

including SPO, and ETCO,, over the time interval are
calculated by computer 214.
[0910] 4)If:
[0911] a) the decrease in SPQO, is more negative than
-5% SAT; or
[0912] D) the increase in the ETCO, is more positive
than +5 mm Hg;
[0913] then,
[0914] computer 214 displays on display 216 “VITAL
SIGNS DETERIORATING.”
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[0915] 5)If:
[0916] a) the change in SPO, is greater than +5% SAT;
or
[0917] b) the change in the ETCO, is more negative
than -5 mm Hg;
[0918] then,
[0919] computer 214 displays on display 216 “VITAL

SIGNS IMPROVING”.
[0920] o) If:
[0921] a) the change in SPO, is greater than or equal to
-5% SAT, but less than or equal to +5% SAT; or
[0922] D) the change in the ETCO, is more than or equal
to =5 mm Hg, but less than or equal to +5 mm Hg;
[0923] then,
[0924] computer 214 displays on display 216 “VITAL
SIGNS UNCHANGED.”
[0925] Computer 214 preferably combines the results of
these monitoring rules to display an integrated display such
as “BRONCHOSPASM WORSENING; VITAL SIGNS
UNCHANGED.”
[0926] In a checking rule step, the following rule is
preferably applied:
[0927] 1) A patient appears to be entering respiratory
failure phase if:

[0928] a) the SPO, is less than 90% SAT;

[0929] b) the respiratory rate is less than 8/min;
[0930] c¢) ETCO, is greater than 60 mm Hg; and
[0931] d) the patient’s neurological symptoms are

qualified as being “bad”;
[0932] then,

[0933] computer 214 displays “RESPIRATORY FAIL -
URE; CONDITION CRITICAL; CONSIDER INTU-
BATION.” on display 216.

[0934] Following this, in an alert data transmission stage,
a high priority update is transmitted via transmitter 218 from
computer 214 to notify the dispatch/receiving centers of the
significant deterioration and change in the patient’s condi-
tion.

[0935] Once these changes in the patient’s condition have
been confirmed by an operator, the patient is consequentially
intubated 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 stan-
dardized capnograms for intubation in computer 214, the
computer displays “MONITORING FOR INTUBATION™.

[0936] Thereafter, the following check rule is preferably
applied to the patient’s capnogram:
[0937] 1.1f:
[0938] a) ETCO, is greater than 15 mm Hg;
[0939] then,
[0940] computer 214 displays “GOOD WAVEFORM,

TUBE IN TRACHEA. CONFIRM AND SECURE
TUBE.”
[0941] In the next step, the following monitoring rules are
preferably applied to the patient’s capnogram:

[0942] 1) If:
[0943] a) the value of ETCO, is greater than 15 mm Hg;
[0944] then,
[0945] computer 214 displays “MONITORING TUBE
POSITION: NO DISLODGEMENT” on display 216.
[0946] 2) If:
[0947] a) the value of ETCO, is less than or equal to 15
mm Hg; or
[0948] b) there is a loss of the waveform;
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[0949] then,

[0950] computer 214 displays “ALERT: CHECK FOR
TUBE DISLODGEMENT” on display 216.

[0951] 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 eflicient transfer of the patient
upon arrival to the hospital.

[0952] 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.

[0953] 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 bronchospasm, gauging the response to
treatment and recommending treatment and disposition of
spontaneously breathing patients. As seen in FIG. 11, 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 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 Jeru-
salem Israel, typically coupled with a capnograph 222, such
as a Microcap®, commercially available from Oridion Ltd.,
of Jerusalem Israel. Other patient physiologic activities
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), typi-
cally sensed by means of chest electrodes 224, a finger
sensor 226, a forehead/scalp sensor 228 and a blood pressure
cuff 230 respectively.

[0954] The outputs of the capnograph 222 and possibly of
additional instrumentation 230 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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 PRES-
ENT”. A breathing treatment is administered after which a
diagnostic statement which indicates the patient status and
the severity of the respiratory condition is preferably pre-
sented, here “GOOD RESPONSE TO TREATMENT, CON-
DITION IMPROVING”. Additional breathing treatment is
typically administered after which a diagnostic statement
which indicates the current patient status and the severity of
the respiratory condition is preferably presented, here “NO
BRONCHOSPASM PRESENT, CONDITION STABLE”.

[0955] Preferably, response to treatment statements as
well as disposition recommendations may be appended to
patient status statements, here “RAPID RESPONSE TO
TREATMENT, CONDITION REMAINS STABLE, DIS-
CHARGE TO HOME LIKELY”.

[0956] Reference is now made additionally to FIG. 12,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
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of FIG. 11. The patient in the hospital environment, prefer-
ably attached to a multi-parameter monitor including cap-
nograph 222 and instrumentation 230, by means of cannula
220 and preferably also by means of chest electrodes 230,
finger sensor 226, scalp/forchead sensor 228 and blood
pressure cuff 236, is monitored continuously. The neuro-
logical 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 and other waveforms and stored.
[0957] The parameter data may be digitized as waveforms
and are further stored for analysis by computer 232. There-
after, 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 capno-
gram and the run, monitored by capnograph 222, are cal-
culated by computer 232. Additionally, neurological find-
ings, monitored by means of an EEG are inputted to
computer 232.
[0958] Following each treatment, the differences between
consecutive measurements of the various patient parameters
are evaluated by computer 232. After each treatment, in a
diagnostic rule application step, the following diagnostic
rules are preferably applied to the measured parameters by
computer 234:
[0959] 1) If:

[0960] a) the blood pressure values are within the

normal range;

[0961] b) the respiratory rate is normal,
[0962] c¢) CO, run is less than or equal to 0.3 sec;
[0963] d) CO, slope is more than or equal to 100 mm
Hg/sec;
[0964] e) SPO, is greater than or equal to 95% SAT; and
[0965] f) ETCO, is less than or equal to 45 mm Hg;
[0966] then,
[0967] display 234 shows the message “VITAL SIGNS
WITHIN NORMAL LIMITS.”
[0968] 2) In contrast, if:

[0969] a) CO, run is greater than 0.3 sec;
[0970] D) CO, slope is less than 100 mm Hg/sec;
[0971] c¢) SPO, is more than or equal to 91% SAT, but

less than 95% SAT; and
[0972] d) ETCO, is less than 45 mm Hg;
[0973] then,
[0974] the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 234.
[0975] 3) If the parameters measured are yet further
removed from the acceptable range, such as if:

[0976] a) CAP-FEV1 is less than 50%;

[0977] b) SPO, is less than 92% SAT; and

[0978] c) ETCO, is greater than 45 mm Hg;
[0979] then,

[0980] a message such as “SEVERE BRONCHOS-
PASM PRESENT” is displayed on display 234.
[0981] The findings of the last stage are stored by com-
puter 232 and/or transmitted to a dispatch/receiving center,
typically located at a hospital or medical center. A connec-
tion 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 rec-

ommendations back to the hospital.
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[0982] After each time interval, the difference between
consecutive measures of each parameter are calculated by
computer 232: Thereafter, the following monitoring rules
are preferably applied to the measured parameters by com-
puter 232.
[0983] 1) If:
[0984] a) the difference in the run values is greater than
0.1 sec; and
[0985] 1) the difference in the slope is less than =15 mm
Hg/sec;
[0986] then,
[0987] computer 232 displays on display 234 “BRON-
CHOSPASM WORSENING”.
[0988] 2) If:
[0989] a) the difference in the run values is more
negative than -0.1 sec; and
[0990] 1) the difference in the slope is more than +15
mm Hg/sec;
[0991] then,
[0992] computer 232 displays on display 234 “BRON-
CHOSPASM IMPROVING”.
[0993] 3)If:
[0994] 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
[0995] a) the difference in the run values is greater or
equal to -0.1 sec; but less than or equal to +0.1 sec;
[0996] then,
[0997] computer 232 displays on display 234 “BRON-
CHOSPASM UNCHANGED”.
[0998] The change in patient’s vital functional activities,
including SPO, and ETCO,, over the time interval are
calculated by computer 232.

[0999] 4) If:
[1000] a) the change in SPO, is greater than —5% SAT;
or
[1001] b) the change in the ETCO, is more than +5 mm
Hg;
[1002] then,
[1003] computer 232 displays on display 234 “VITAL

SIGNS DETERIORATING.”

[1004] 5)1If:
[1005] a) the change in SPO, is greater than +5% SAT;
or
[1006] D) the change in the ETCO, is less than -5 mm
Hg;
[1007] then,
[1008] computer 232 displays on display 234 “VITAL

SIGNS IMPROVING”.
[1009] o) If:
[1010] a) the change in SPO, is greater than or equal to
-5% SAT, and less than or equal to +5% SAT; or
[1011] 1) the change in the ETCO, is more than or equal
to -5 mm Hg, but less than or equal to +5 mm Hg;
[1012] then,
[1013] computer 232 displays on display 234 “VITAL
SIGNS UNCHANGED.”
[1014] Computer 232 preferably combines the results of
these monitoring rules to display an integrated display 234
such as “BRONCHOSPASM WORSENING; VITAL
SIGNS UNCHANGED.”
[1015] Following the monitoring stage, the following exit
rules are preferably applied to the measured parameters of
the patient by computer 232:
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[1016] 1)If:

[1017] a) the blood pressure values are within normal
limits;
[1018] b) the respiratory rate is within normal limits;
[1019] c¢) the value of the CO, run is less than 0.3
seconds;
[1020] d) the CO, slope is greater than 100 mm Hg/sec;
and
[1021] e) ETCO, is less than 45 mm Hg;
[1022] then,
[1023] Computer 232 preferably displays on display 234

“NO BRONCHOSPASM PRESENT”

[1024] (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).

[1025] 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 environment for detecting the presence and
severity of bronchospasm, gauging the response to treatment
and recommending 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 depart-
ment 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 Jeru-
salem Israel, typically coupled with a capnograph 252, such
as a Microcap®, commercially available from Oridion Ltd.,
of Jerusalem Israel. Other patient physiologic activities
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), tvpi-
cally 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 measured by
suitable instrumentation 262.

[1026] The outputs of the capnograph 252 and preferably
of additional instrumentation 262 are preferably supplied to
a suitably programmed automatic diagnostic and treatment
computer 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 diag-
nostic statement, here “ALERT: SEVERE BRONCHOS-
PASM PRESENT”.

[1027] The patient is 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 264 to indicate the response to the
breathing treatment and the current status of the patient
condition. 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 WORSEN-
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ING”. A treatment recommendation may also be provided,
such as “CONSIDER INTUBATION".

[1028] Intubation is performed and correct initial tube
placement is confirmed followed by continuous monitoring
of the physiologic activities of the patient, which indicate
current tube position. Where intubation is successful, a
status statement, here: “ADEQUATE CO2 WAVEFORM—
TUBE IN TRACHEA” and a treatment recommendation,
here “SECURE TUBE” appear. Where intubation is not
successful, a status statement, here: “NO CO2 WAVEFORM
TUBE IN ESOPHAGUS” and a treatment recommendation,
here “REINTUBATE” appear.

[1029] Following successful intubation, continuous moni-
toring may provide a status statement such as “ADEQUATE
CO2 WAVEFORM—TUBE IN TRACHEA—NO DIS-
LOGEMENT” may appear. If tube dislodgment occurs at
any time following intubation, a status statement appears,
here “CO2 WAVEFORM ABSENT” preferably accompa-
nied by a treatment recommendation, here “CHECK FOR
TUBE DISLOGEMENT”.

[1030] 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.

[1031] 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.

[1032] 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
sensor 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 continu-
ously measured, 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.

[1033] Thereafter, the onset and offset limits of the cap-
nogram, 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, monitored by means of an EEG are inputted to
computer 264. Following each treatment, the differences
between consecutive measurements of the various patient
parameters are evaluated by computer 264. After each
treatment, in a diagnostic rule application step, the following
diagnostic rules are preferably applied to the measured
parameters by computer 264:

[1034] 1) If:
[1035] a) the blood pressure values are within the
normal range;

[1036] D) the respiratory rate is normal;

[1037] c) CO, run is less than or equal to 0.3 sec;

[1038] d) CO, slope is more than or equal to 100 mm
Hg/sec;

[1039] e) SPO, is greater than or equal to 95% SAT; and

[1040] ©) ETCO, is less than or equal to 45 mm. Hg;
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[1041] then,
[1042] display 266 shows the message “VITAL SIGNS
WITHIN NORMAL LIMITS.”
[1043] 2) In contrast, if:
[1044] a) CO, run is greater than 0.3 sec;
[1045] b) CO, slope is less than 100 mm Hg/sec;
[1046] c) SPO, is greater than or equal to 91% SAT, but
less than 95% SAT; and
[1047] d) ETCO, is less than 45 mm Hg;
[1048] then,
[1049] the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 266.
[1050] 3) If the parameters measured are yet further
removed from the acceptable range, such as if:
[1051] a) CAP-FEV1 is less than 50%;
[1052] b) SPO, is less than 91% SAT; and
[1053] c) ETCO, is greater than 45 mm Hg;
[1054] then,

[1055] a message such as “SEVERE BRONCHOS-
PASM PRESENT” is displayed on display 266.
[1056] The findings of the last stage are stored by com-
puter 264 and/or transmitted by transmitter 268 to a dis-
patch/receiving center, typically located at a hospital or
medical center. A connection is established with the dis-
patch/receiving center [ref. no], and the data is forwarded
thereto. A medical supervisor typically watches display of
the received data, and consequentially transmits the recom-
mended treatment and/or transport recommendations back

to the hospital.
[1057] After each time interval, the difference between
consecutive measures of each parameter are calculated by
computer 264: Thereafter, the following monitoring rules
are preferably applied to the measured parameters by com-
puter 264.
[1058] 1) If:
[1059] a) the difference in the run values is greater than
+0.1 sec; and
[1060] b) the difference in the slope is more negative
than =15 mm Hg/sec;
[1061] then,
[1062] computer 264 displays on display 266 “BRON-
CHOSPASM WORSENING™.
[1063] 2)If:
[1064] a) the difference in the run values is more
negative than -0.1 sec; and
[1065] b) the difference in the slope is more positive
than +15 mm Hg/sec;
[1066] then,
[1067] computer 264 displays on display 266 “BRON-
CHOSPASM IMPROVING™.
[1068] 3)If:
[1069] 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
[1070] 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;
[1071] then,
[1072] computer 264 displays on display 266 “BRON-
CHOSPASM UNCHANGED”.
[1073] The change in patient’s vital functional activities,
including SPO, and ETCO,, over the time interval are
calculated by computer 264.
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[1074] 4)If:
[1075] a) the change in SPO, is greater than —5% SAT;
or
[1076] b) the change in the ETCO, is more than +5 mm
Hg;
[1077] then,
[1078] computer 264 displays on display 266 “VITAL

SIGNS DETERIORATING.”

[1079] 35)If:
[1080] a) the change in SPO, is greater than +5% SAT;
or

[1081] b) the change in the ETCO, is less than -5 mm

Hg;
[1082] then,

[1083] computer 264 displays on display 266 “VITAL

SIGNS IMPROVING”.
[1084] o©) If:

[1085] a) the change in SPO, is greater than or equal to
-5% SAT, but less than or equal to +5% SAT; or

[1086] D) the change in the ETCO, is more than or equal
to -5 mm Hg, but less than or equal to +5 mm Hg;

[1087] then,

[1088] computer 264 displays on display 266 “VITAL
SIGNS UNCHANGED.”

[1089] Computer 264 preferably combines the results of
these monitoring rules to display an integrated display 266
such as “BRONCHOSPASM WORSENING; VITAL
SIGNS UNCHANGED.”

[1090] In a checking rule step, the following rule is
preferably applied:

[1091] 1) A patient appears to be entering respiratory
failure phase if:

[1092] a) the SPO, is less than 90% SAT;

[1093] D) the respiratory rate is less than 8/min;

[1094] c¢) ETCO, is greater than 60 mm Hg; and

[1095] d) the patient’s neurological symptoms are
qualified as being “bad”;

[1096] then,

[1097] computer 264 displays “RESPIRATORY FAIL-
URE; CONDITION CRITICAL; CONSIDER INTU-
BATION.” on display 266.

[1098] Once these changes in the patient’s condition have
been confirmed by an operator, the patient is consequentially
intubated 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 stan-
dardized capnograms for intubation in computer 264, the
computer displays “MONITORING FOR INTUBATION”.
[1099] Thereafter, the following check rule is preferably
applied to the patient’s capnogram:

[1100] 1.If

[1101] a) ETCO, is greater than 15 mm Hg;

[1102] then,

[1103] computer 264 displays “GOOD WAVEFORM,
TUBE IN TRACHEA. CONFIRM AND SECURE
TUBE.”

[1104] In the next step, the following monitoring rules are
preferably applied to the patient’s capnogram:
[1105] 1) If

[1106] a) the value of ETCQO, is greater than 15 mm Hg;
[1107] then,

[1108] computer 266 displays “MONITORING TUBE
POSITION: NO DISLODGEMENT” on display 268.
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[1109] 2) If:
[1110] a) the value of ETCO, is less than or equal to 15
mm Hg; or
[1111] b) there is a loss of the waveform;
[1112] then,
[1113] computer 264 displays “ALERT: CHECK FOR

TUBE DISLODGEMENT” on display 266.
[1114] 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 emphysema 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 Capnoline Adult (Oral/nasal FilterLine)
007414, commercially available from Oridion Ltd., of Jeru-
salem Israel, typically coupled with a capnograph 272, 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 274, a finger sensor 276, a
forehead/scalp sensor 278 and a blood pressure cuff’ 280
respectively, may also be sensed and measured by suitable
instrumentation 282.
[1115] The outputs of the capnograph 272 and possibly of
additional instrumentation 282 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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 diag-
nostic statement would suggest treatment for emphysema
rather than for heart failure. Breathing treatment is admin-
istered after which a diagnostic statement which indicates
the patient status and the severity of the respiratory condi-
tion is preferably presented, here “MODERATE BRON-
CHOSPASM, CONDITION IMPROVING”
[1116] Reference is now made additionally to FIGS. 16A
and 16B, which illustrates the operation of the system and
methodology of the system of the present invention in the
context of FIG. 15. FIGS. 16A and 16B illustrate the utility
of using the capnograph in both diagnostic and monitoring
modes as an aid to diagnosis and monitoring-respectively.
[1117] The patient in the hospital environment, preferably
attached to a multi-parameter monitor including capnograph
272 and the suitable instrumentation, by means of cannula
270 and preferably also by means of chest electrodes 274,
finger sensor 276, forehead/scalp sensor 278 and blood
pressure cuff 280, is monitored continuously. The neuro-
logical 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 and other waveforms and stored on
computer 284.
[1118] In the above exemplified scenario (FIG. 15), the
medical team initially do not know whether the patient’s
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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 meth-
odology assists and enables the medical team to reach the
correct diagnosis. In contrast, in FIG. 11 above, here were no
indications that the patient’s diagnosis could include a
heart-related episode.
[1119] Thereafter, the onset and offset limits of the cap-
nogram, the pulse waveform and QRS onset and offset are
determined by computer 284. The initial slope of the cap-
nogram and the run are determined and stored in computer
284.
[1120] 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 cap-
nograph 272 is shifted to its bronchospastic monitoring
mode.
[1121] In a monitoring rule stage, the following rule is
preferably applied to the values of the end tidal value of
exhaled carbon dioxide:
[1122] D) If:

[1123] a) ETCO, is greater than 15 mm Hg;
[1124] then,

[1125] computer 284 displays on display 286 “GOOD
WAVEFORM QUALITY; CRITERIA FOR BRON-
CHOSPASM MET: STARTING MONITORING”.

[1126] Thereafter a cycle of alternating 1) sampling step
(data collection and measurement) and II) diagnostic rule
application to the previous sample step 1) is initiated.

1) Sampling Step

[1127] a) A sample of expired air is taken and conveyed
from cannula 270 to capnograph 272.
[1128] b) The carbon dioxide concentration is measured
continuously by capnograph 272 as a capnogram.
[1129] c¢) The capnogram is digitized as waveform and
store for analysis by computer 284.
[1130] d) Computer 284 marks onset and offset limits of
the capnogram.
[1131] e) The waveform quality of the capnogram is
assessed by employing the criteria that an acceptable quality
is defined by:
[1132] 1) the root mean square (rms) of the noise of the
waveform must be less than 2 mm Hg; and
[1133] ii) the breath-to-breath correlation must be
greater than 0.85.
[1134] f) The slope and the run are determined by com-
puter 284.

1I) Diagnostic Rule Application Step

[1135] In a diagnostic rule application step, the following
diagnostic rules are preferably applied to the measured
parameters of I) Sampling step by computer 284:

[1136] 1) If:

[1137] a) the blood pressure values are within the nor-
mal range;

[1138] D) the respiratory rate is normal,

[1139] ¢) CO, run is less than or equal to 0.3 sec;

[1140] d) CO, slope is more than or equal to 100 mm
Hg/sec;

[1141] e) SPO, is greater than or equal to 95% SAT; and

[1142] f) ETCO, is less than or equal to 45 mm Hg;
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[1143] then,
[1144] display 286 shows the message “NO BROCHO-
SPASM PRESENT.”

[1145] 2) In contrast, if:
[1146] a) CO, run is greater than 0.3 sec;
[1147] b) CO, slope is less than 100 mm Hg/sec;
[1148] c¢) SPO, is greater than or equal to 91% SAT, but

less than 95% SAT; and
[1149] d) ETCO, is less than 45 mm Hg;
[1150] then,
[1151] the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 286.
[1152] 3) If the parameters measured are yet further
removed from the acceptable range, such as if:

[1153] a) CAP-FEV1 is less than 50%;

[1154] b) SPO, is less than 91% SAT; and

[1155] ¢) ETCO, is greater than 45 mm Hg;
[1156] then,

[1157] a message such as “SEVERE BRONCHOS-
PASM PRESENT” is displayed on display 286.
[1158] At any one of the diagnostic rule application steps,
it may be verified that the patient is suffering from bron-
chospasm. Once bronchospasm is verified, the operator
switches capnograph 272 to a serial comparison mode. The
medical team applies the appropriate interventions to the

patient to treat the bronchospasm.

[1159] Thereafter, a cycle of alternating I) sampling step
(data collection and measurement) and II) monitoring rule
application step to the previous sample step I) is initiated.

I) Sampling Step

[1160] a) A sample of expired air is taken and conveyed
from cannula 270 to capnograph 272.

[1161] b) The carbon dioxide concentration is measured
continuously by capnograph 272 as a capnogram.

[1162] ¢) The capnogram is digitized as waveform and
store for analysis by computer 284.

[1163] d) Computer 284 marks onset and offset limits of
the capnogram.
[1164] e) The waveform quality of the capnogram is

assessed by employing the criteria that an acceptable quality
is defined by:
[1165] 1) the root mean square (rms) of the noise of the
waveform must be less than 2 mm Hg; and
[1166] 1i) the breath-to-breath correlation must be
greater than 0.85.
[1167] ) The slope and the run are determined by com-
puter 284.

1I) Monitoring Rule Application Step

[1168] After each time interval, the difference between
consecutive measures of each parameter are calculated by
computer 284: Thereafter, the following monitoring rules
are preferably applied to the measured parameters by com-
puter 284.
[1169] 1) If:
[1170] a) the difference in the run values is greater than
0.1 sec; and
[1171] 1) the difference in the slope is less than —15 mm
Hg/sec;
[1172] then,
[1173] computer 284 displays on display 286 “BRON-
CHOSPASM WORSENING™.
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[1174] 2)If:
[1175] a) the difference in the run values is more nega-
tive than -0.1 sec; and
[1176] b) the difference in the slope is more than +15
mm Hg/sec;
[1177] then,
[1178] computer 284 displays on display 286 “BRON-
CHOSPASM IMPROVING”
[1179] 3)If:
[1180] 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

[1181] 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;
[1182] then,
[1183] computer 284 displays on display 286 “BRON-
CHOSPASM UNCHANGED".
[1184] The change in patient’s vital functional activities,

including SPO, and ETCO,, over the time interval are
calculated by computer 284.
[1185] 4)If:
[1186] a)the change in SPO, is more negative than -5%
SAT; or
[1187] b) the change in the ETCO, is more than +5 mm
Hg;
[1188] then,
[1189] computer 284 displays on display 286 “VITAL
SIGNS DETERIORATING.”

[1190] 5) If:
[1191] a) the change in SPO, is greater than +5% SAT;
or
[1192] b) the change in the ETCO, is less than -5 mm
Hg;
[1193] then,
[1194] computer 284 displays on display 286 “VITAL

SIGNS IMPROVING”.
[1195] 6) If:
[1196] a) the change in SPO, is greater than or equal to
-5% SAT, but less than or equal to +5% SAT; or
[1197] D) the change in the ETCO, is more than or equal
to =5 mm Hg, but less than or equal to +5 mm Hg;
[1198] then,
[1199] computer 284 displays on display 286 “VITAL
SIGNS UNCHANGED.”
[1200] Computer 284 preferably combines the results of
these monitoring rules to display an integrated display 286
such as “BRONCHOSPASM WORSENING; VITAL
SIGNS UNCHANGED.”
[1201] Once the medical interventions have concluded
and the patient’s disposition has been determined, the opera-
tor switches the capnograph back to its diagnostic mode.
[1202] 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, O,/CO, Nasal FilterLine
Adult 007141, or Smart Capnol.ine Adult (Oral/nasal Fil-
terLine) 007414, commercially available from Oridion Ltd.,
of Jerusalem Israel, typically coupled with a capnograph
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302, 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 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.

[1203] The outputs of the capnograph 302 and possibly of
additional instrumentation 312 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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 CO2 WAVEFORM” preferably
accompanied by a treatment recommendation, here CHECK
FOR TUBE DISLODGEMENT”. Following re-intubation,
a revised diagnostic statement, here “CO2 WAVEFORM
RESTORED, TUBE IN TRACHEA?”, preferably accompa-
nied by a treatment recommendation, here “SECURE
TUBE” appears.

[1204] Reference is now made additionally to FIG. 18,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
of FIG. 17.

[1205] 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
sensor 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.

[1206] 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.

[1207] The onset and offset limits of the patient’s capno-
gram from capnograph 302 are delineated by computer 314.
[1208] The waveform quality of the capnogram is assessed
by employing the criteria that an acceptable quality is
defined by:

[1209] 1) the root mean square (rms) of the noise of the
waveform must be less than 1 mm Hg; and

[1210] 1ii) the breath-to-breath correlation must be
greater than 0.85.

[1211] If the quality is unacceptable, further samples are
collected until a sample of acceptable quality, according to
the above two criteria, is taken.

[1212] The next step entails a checking procedure,
wherein the ETCO, value is measured by capnograph 302.
[1213] The following checking rule is preferably applied.
[1214] 1) If:

[1215] a) the ETCO, value is more than 15 mm Hg;

[1216] then,

[1217] a display is provided by computer 314 stating
“GOOD WAVEFORM, TUBE IN TRACHEA, CON-
FIRM AND SECURE TUBE” on display 316.

[1218] If the intubation is successful, the operator con-
firms this, by for example, entering the relevant code into
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computer 314, and capnograph 302 is then entered into an
intubation monitoring mode. The patient is monitored con-
tinuously. Thus, computer 314 displays “MONITORING
INTUBATION” on display 316.

[1219] TIfthere is aloss 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 DIS-
LODGEMENT”.

[1220] Thereafter a cycle of alternating I) sampling step
(data collection and measurement) and II) diagnostic rule
application to the previous sample step 1) is initiated.

1) Sampling Step

[1221] In this sampling step, an exhaled air sample from
cannula 300 is periodically collected, conveyed and mea-
sured by capnograph 302. The carbon dioxide concentration
value is determined continuously by capnograph 302. Com-
puter 314 digitizes the capnograph signals as a waveform
and store the waveform for analysis.

[1222] Thereafter, the ETCO, value is determined.

1) Diagnostic Rule Application Step.

[1223] The following diagnostic rules are applied to each
sample:
[1224] 1) If:
[1225] a) The value of ETCQ, is greater or equal to 15
mm Hg; and
[1226] 1) There is no loss in the waveform from cap-
nograph 302;
[1227] then,
[1228] computer 314 displays “MONITORING TUBE
POSITION: NO DISLODGMENT” on display 316.
[1229] 2)If:
[1230] a) The value of ETCO, is less than or equal to 15
mm Hg; or
[1231] D) There is a loss in the waveform from capno-
graph 302;
[1232] then,
[1233] computer 314 displays “ALERT: CHECK FOR

TUBE DISLODGMENT” on display 316.

[1234] This cycle typically proceeds until the patient
monitoring is halted by the medical team or operator.

[1235] 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 status 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 measured, 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, O,/CO, Nasal FilterLine Adult
007141, or Smart Capnoline Adult (Oral/nasal FilterLine)
007414, commercially available from Oridion Ltd., of Jeru-
salem 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 Oxygen-
ation (e.g. pulse oximetry), cerebral oxygenation (e.g. cere-
bral oximetry) and systemic circulation (e.g. NIBP), typi-
cally sensed by means of chest electrodes 334, a finger
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sensor 336, a forehead/scalp sensor 338 and a blood pressure
cuff 340 respectively, may also be sensed and measured by
suitable instrumentation 342.
[1236] The outputs of the capnograph 332 and possibly of
additional instrumentation 342 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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”.
[1237] Reference is now made additionally to FIG. 20,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
of FIG. 19.
[1238] 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
sensor 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.
[1239] 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 344.
[1240] The onset and offset limits of the patient’s capno-
gram from capnograph 332 are delineated by computer 344.
[1241] The waveform quality of the capnogram is assessed
by employing the criteria that an acceptable quality is
defined by:

[1242] 1) the root mean square (rms) of the noise of the

waveform must be less than 2 mm Hg; and
[1243] 1ii) the breath-to-breath correlation must be
greater than 0.85.

[1244] If the quality is unacceptable, further samples are
collected until a sample of acceptable quality, according to
the above two criteria, is taken.
[1245] 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 determined by computer 344.

[1246] At startup, the following checking rule is prefer-
ably applied.
[1247] 1) If:

[1248] a) the ETCO, value is more than 15 mm Hg;
[1249] then,

[1250] a display is provided by computer. 344 stating

“GOOD WAVEFORM, QUALITY: MONITORING
FOR BRONCHOSPASM™.
[1251] If the monitoring is successful, the operator con-
firms this, by for example, entering the relevant code into
computer 344, and capnograph 332 is then entered into a
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diagnostic monitoring mode. The patient is monitored con-
tinuously by capnograph 332.

[1252] Thereafter a cycle of alternating T) sampling step
(data collection and measurement) and II) diagnostic rule
application to the previous sample step I) is initiated.

1) Sampling Step

[1253] a) A sample of expired air is taken and conveyed
from cannula 330 to capnograph 332.
[1254] b) The carbon dioxide concentration is measured
continuously by capnograph 332 as a capnogram.
[1255] c) The capnogram is digitized as waveform and
store for analysis by computer 344.
[1256] d) Computer 344 marks onset and offset limits of
the capnogram.
[1257] e) The waveform quality of the capnogram is
assessed by employing the criteria that an acceptable quality
is defined by:
[1258] i) the root mean square (rms) of the noise of the
waveform must be less than 2 mm Hg; and
[1259] 1ii) the breath-to-breath correlation must be
greater than 0.85.
[1260] 1) The slope and the run are determined by com-
puter 344.

1I) Diagnostic Rule Application Step

[1261] In a diagnostic rule application step, the following
diagnostic rules are preferably applied to the measured
parameters of I) Sampling step by computer 344:
[1262] 1) If:
[1263] a) the blood pressure values are within the
normal range;

[1264] D) the respiratory rate is normal;
[1265] c) CO, run is less than or equal to 0.3 sec;
[1266] d) CO, slope is more than or equal to 100 mm
Hg/sec;
[1267] e) SPO, is greater than or equal to 95% SAT; and
[1268] ) ETCO, is less than or equal to 45 mm Hg;
[1269] then,

[1270] display 346 shows the message “NO BRON-
CHOSPASM PRESENT.”

[1271] 2) In contrast, if:
[1272] a) CO, run is greater than 0.3 sec;
[1273] b) CO, slope is less than 100 mm Hg/sec;
[1274] c¢) SPO, is greater or equal to 91% SAT, but less

than 95% SAT; and
[1275] d) ETCO, is less than 45 mm Hg;
[1276] then,

[1277] the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 346. The patient
then receives suitable breathing treatment as is shown
in FIG. 19 hereinabove.

[1278] 3) If the parameters measured are yet further
removed from the acceptable range, such as ift

[1279] a) CAP-FEVI is less than 50%;

[1280] b) SPO, is less than 91% SAT; and

[1281] c) ETCO, is greater than 45 mm Hg;
[1282] then,

[1283] a message such as “SEVERE BRONCHOS-
PASM PRESENT” is displayed on display 346.
[1284] Reference is now made to FIGS. 21A and 21B,
which are simplified pictorial illustrations of an automatic
medical diagnostic and treatment system and methodology,
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operative in a hospital environment, for continuously moni-
toring the respiratory status of a spontaneously breathing
patient in a second clinical scenario. As seen in FIGS. 21A
and 21B, in a hospital environment, various patient physi-
ologic activities are sensed and measured, including respi-
ratory 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 CapnolLine Adult (Oral/
nasal FilterLine) 007414, commercially available from
Oridion Ltd., of Jerusalem Israel, typically coupled with a
capnograph 352, 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
oxygenation (e.g. cerebral oximetry) and systemic circula-
tion (e.g. NIBP), typically sensed by means of chest elec-
trodes 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.

[1285] The outputs of the capnograph 352 and possibly of
additional instrumentation 362 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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 “PATTENT 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 BRONCHO-
SPASM PRESENT”. Additional breathing treatment is
administered and thereafter an updated diagnostic statement
appears, here “NO RESPONSE TO TREATMENT,
SEVERE BRONCHOSPASM PRESENT”, which may
prompt the physician to transfer the patient to the ICU.

[1286] Reference is now made additionally to FIGS. 22A-
22C, which illustrates the operation-of the system and
methodology of the system of the present invention in the
context of FIGS. 21A and 21B.
[1287] The patient in the hospital environment, preferably
attached to a multi-parameter monitor including capnograph
352, is monitored continuously for at least 30 seconds.
Expired air is collected via cannula 350 and is conveyed to
the capnograph 352.
[1288] 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.
[1289] The onset and offset limits of the patient’s capno-
gram from capnograph 352 are delineated by computer 364.
[1290] The waveform quality of the capnogram is assessed
by employing the criteria that an acceptable quality is
defined by:

[1291] 1) the root mean square (rms) of the noise of the

waveform must be less than 2 mm Hg; and
[1292] ii) the breath-to-breath correlation must be
greater than 0.85.

Mar. 15,2018

[1293] 1If the quality is unacceptable, further samples are
collected until a sample of acceptable quality, according to
the above two criteria, is taken.

[1294] 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 determined by computer 364.

[1295] At startup, the following checking rule is prefer-
ably applied.
[1296] 1) If:

[1297] a) the ETCO, value is more than 15 mm Hg;
[1298] then,

[1299] a display is provided by computer 364 stating

“GOOD WAVEFORM, QUALITY: MONITORING
FOR BRONCHOSPASM™.
[1300] If the monitoring is successful, the operator con-
firms this, by for example, entering the relevant code into
computer 364, and capnograph 352 is then entered into a
diagnostic monitoring mode. The patient is monitored con-
tinuously by capnograph 352.
[1301] Thereafter a cycle of alternating 1) sampling step
(data collection and measurement) and II) diagnostic rule
application to the previous sample step 1) is initiated.

1) Sampling Step

[1302] a) A sample of expired air is taken and conveyed
from cannula 350 to capnograph 352.

[1303] b) The carbon dioxide concentration is measured
continuously by capnograph 352 as a capnogram.

[1304] c¢) The capnogram is digitized as waveform and
store for analysis by computer 364.

[1305] d) Computer 364 marks onset and offset limits of
the capnogram.
[1306] e) The waveform quality of the capnogram is

assessed by employing the criteria that an acceptable quality
is defined by:
[1307] 1) the root mean square (rms) of the noise of the
waveform must be less than 2 mm Hg; and
[1308] 1) the breath-to-breath correlation must be
greater than 0.85.
[1309] 1) The slope and the run are determined by com-
puter 364.

1I) Diagnostic Rule Application Step

[1310] In a diagnostic rule application step, the following
diagnostic rules are preferably applied to the measured
parameters of I) Sampling step by computer 364:
[1311] 1) If:
[1312] a) the blood pressure values are within the
normal range;

[1313] D) the respiratory rate is normal;
[1314] c) CO, run is less than or equal to 0.3 sec;
[1315] d) CO, slope is more than or equal to 100 mm
Hg/sec;
[1316] e) SPO, is greater than or equal to 95% SAT; and
[1317] ) ETCO, is less than 45 mm Hg;
[1318] then,

[1319] display 366 shows the message “NO BRON-
CHOSPASM PRESENT.”

[1320] 2) In contrast, if:
[1321] a) CO, run is greater than 0.3 sec;
[1322] b) CO, slope is less than 100 mm Hg/sec;
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[1323] c¢) SPO, is greater than or equal to 91% SAT, but
less than 95% SAT; and

[1324] d) ETCO, is less than 45 mm Hg;
[1325] then,
[1326] the message “MODERATE BRONCHOS-

PASM. PRESENT” is displayed on display 366.
[1327] 3) If the parameters measured are yet further
removed from the acceptable range, such as if:

[1328] a) CAP-FEV1 is less than 50%;
[1329] b) SPO, is less than 91% SAT; and
[1330] c¢) ETCO, is greater than 45 mm Hg;
[1331] then,
[1332] a message such as “SEVERE BRONCHOS-

PASM PRESENT” is displayed on display 366.
[1333] At any one of the diagnostic rule application steps,
it may be verified that the patient is suffering from bron-
chospasm. Once bronchospasm is verified, the operator
switches capnograph 352 to a serial comparison mode. The
medical team applies the appropriate interventions to the
patient to treat the bronchospasm.

[1334] 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.
[1335] 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 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 com-
puter 364. Thereafter, the limits of the capnogram, the pulse
waveform and QRS onset and offset are determined by
computer 364.

[1336] 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.

[1337] At startup, the following checking rule is prefer-
ably applied.

[1338] 1) If:

[1339] a) the ETCO, value is more than 15 mm Hg;
[1340] then,
[1341] a display is provided by computer 344 stating

“GOOD WAVEFORM, QUALITY: MONITORING
FOR BRONCHOSPASM™.
[1342] If the monitoring is successful, the operator con-
firms this, by for example, entering the relevant code into
computer 364, and capnograph 352 is then entered into a
diagnostic monitoring mode. The patient is monitored con-
tinuously by capnograph 352.
[1343] Thereafter, a cycle of alternating I) sampling step
(data collection and measurement) and II) monitoring rule
application step to the previous sample step I) is initiated.

I) Sampling Step

[1344] a) A sample of expired air is taken and conveyed
from cannula 350 to capnograph 352.

[1345] b) The carbon dioxide concentration is measured
continuously by capnograph 352 as a capnogram.

[1346] c) The capnogram is digitized as waveform and
store for analysis by computer 364.
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[1347] d) Computer 364 marks onset and offset limits of
the capnogram.
[1348] e) The waveform quality of the capnogram is
assessed by employing the criteria that an acceptable quality
is defined by:
[1349] 1) the root mean square (rms) of the noise of the
waveform must be less than 2 mm Hg; and
[1350] ii) the breath-to-breath correlation must be
greater than 0.85.
[1351] f) The slope and the run are determined by com-
puter 364.

1) Monitoring Rule Application Step

[1352] After each time interval, the difference between
consecutive measures of each parameter are calculated by
computer 364: Thereafter, the following monitoring rules
are preferably applied to the measured parameters by com-
puter 364.
[1353] 1) If:
[1354] a) the difference in the run values is greater than
+0.1 sec; and
[1355] D) the difference in the slope is more negative
than =15 mm Hg/sec;
[1356] then,
[1357] computer 364 displays on display 366 “BRON-
CHOSPASM WORSENING”.
[1358] 2) If:
[1359] a) the difference in the run values is more
negative than -0.1 sec; and
[1360] D) the difference in the slope is more than +15
mm Hg/sec;
[1361] then,
[1362] computer 364 displays on display 366 “BRON-
CHOSPASM IMPROVING”.

[1363] 3)If:

[1364] 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

[1365] D) the difference in the slope is more than or
equal to =15 mm Hg but less than or equal to +15 mm
Hg/sec;

[1366] then,
[1367] computer 364 displays on display 366 “BRON-

CHOSPASM UNCHANGED”.
[1368] The change in patient’s vital functional activities,
including SPO, and ETCO,, over the time interval are
calculated by computer 364.

[1369] 4 1If
[1370] a) the decrease in SPO, is more than -5% SAT;
or
[1371] b) the increase in the ETCO, is more than 5 mm
Hg;
[1372] then,
[1373] Computer 364 displays on display 366 “VITAL

SIGNS DETERIORATING.”
[1374] 5)1If:
[1375] a) the increase in SPO, is more than 5% SAT; or
[1376] D) the decrease in the ETCO, is greater than -5
mm Hg;
[1377] then,
[1378] computer 364 displays on display 366 “VITAL
SIGNS IMPROVING”.
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[1379] o) If:
[1380] a) the change in SPO, is greater than or equal to
-5% SAT but less than or equal to +5% SAT:; or
[1381] b) the change in the ETCO, is more than or equal
to =5 mm Hg or less than or equal to +5 mm Hg;
[1382] then,
[1383] computer 364 displays on display 366 “VITAL
SIGNS UNCHANGED”.
[1384] Computer 364 preferably combines the results of
these monitoring rules to display an integrated display 366
such as “BRONCHOSPASM WORSENING; VITAL
SIGNS UNCHANGED.”
[1385] Once the medical interventions have concluded
and the patient’s disposition has been determined, the opera-
tor switches the capnograph back to its diagnostic mode.
[1386] 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 a physician’s office environment for detecting
the presence and severity of bronchospasm, gauging the
response to treatment 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 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 400, 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 402, 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
oxygenation (e.g. cerebral oximetry) and systemic circula-
tion (e.g. NIBP), typically sensed by means of chest elec-
trodes 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.
[1387] The outputs of the capnograph 402 and preferably
of additional instrumentation 404 are preferably supplied to
a suitably programmed automatic diagnostic and treatment
computer 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 diag-
nostic statement, here “MODERATE BRONCHOSPASM
PRESENT”.

[1388] The patient is given breathing treatments, such as
beta agonist nebulizer treatments and following such treat-
ments 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 suc-
cessful, a status message, here “GOOD RESPONSE TO
TREATMENT™, 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.

[1389] Reference is now made additionally to FIGS. 24A
and 24B, which illustrate the operation of the system and
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methodology of the system of the present invention in the
context of FIGS. 23A and 23B.
[1390] 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.
[1391] 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.
[1392] The onset and offset limits of the patient’s capno-
gram from capnograph 402 are delineated by computer 416.
[1393] The waveform quality of the capnogram is assessed
by employing the criteria that an acceptable quality is
defined by:

[1394] 1) the root mean square (rms) of the noise of the

waveform must be less than 2 mm Hg; and
[1395] ii) the breath-to-breath correlation must be
greater than 0.85.

[1396] If the quality is unacceptable, further samples are
collected until a sample of acceptable quality, according to
the above two criteria, is taken.
[1397] 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-determined by computer 416.

[1398] At startup, the following checking rule is prefer-
ably applied.
[1399] 1) If

[1400] a) the ETCO, value is more than 15 mm Hg;
[1401] then,

[1402] a display is provided by computer 416 stating

“GOOD WAVEFORM, QUALITY: MONITORING
FOR BRONCHOSPASM™.
[1403] If the monitoring is successful, the operator con-
firms this, by for example, entering the relevant code into
computer 416, and capnograph 402 is then entered into a
diagnostic monitoring mode. The patient is monitored con-
tinuously by capnograph 402.
[1404] Thereafter a cycle of alternating I) sampling step
(data collection and measurement) and II) diagnostic rule
application to the previous sample step is initiated. The
sampling step is typically performed every 15 minutes for
one hour after the treatment.

) Sampling Step

[1405] a) A sample of expired air is taken and conveyed
from cannula 400 to capnograph 402.

[1406] b) The carbon dioxide concentration is measured
continuously by capnograph 402 as a capnogram 417.
[1407] c) The capnogram is digitized as waveform and
store for analysis by computer 416.

[1408] d) Computer 416 marks onset and offset limits of
the capnogram.
[1409] e) The waveform quality of the capnogram is

assessed by employing the criteria that an acceptable quality
is defined by:
[1410] 1) the root mean square (rms) of the noise of the
waveform must be less than 2 mm Hg; and
[1411] ii) the breath-to-breath correlation must be
greater than 0.85.
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[1412] f) The slope and the run are determined by com-
puter 416.

1I) Diagnostic Rule Application Step

[1413] 1In a diagnostic rule application step, the following
diagnostic rules are preferably applied to the measured
parameters of T) Sampling step by computer 416:
[1414] 1) If:
[1415] a) the blood pressure values are within the
normal range;

[1416] b) the respiratory rate is normal,

[1417] c¢) CO, run is less than or equal to 0.3 sec;

[1418] d) CO, slope is more than or equal to 100 mm

Hg/sec;

[1419] e) SPO, is greater than or equal to 95% SAT; and

[1420] f) ETCO, is less than or equal to 45 mm Hg;
[1421] then,

[1422] display 418 shows the message “NO BRON-

CHOSPASM PRESENT.”

[1423] 2) In contrast, if:
[1424] a) CO, run is greater than 0.3 sec;
[1425] D) CO, slope is less than 100 mm Hg/sec;
[1426] c¢) SPO, is more than or equal to 91% SAT, but

less than 95% SAT; and

[1427] d) ETCO, is less than 45 mm Hg;
[1428] then,
[1429] the message “MODERATE BRONCHOSPASM

PRESENT” is displayed on display 418.
[1430] 3) If the parameters measured are yet further
removed from the acceptable range, such as if:

[1431] a) CAP-FEV1 is less than 50%;
[1432] b) SPO, is less than 91% SAT; and
[1433] c¢) ETCO, is greater than 45 mm Hg;
[1434] then,
[1435] a message such as “SEVERE BRONCHOS-

PASM PRESENT” is displayed on display 418.
[1436] At any one of the diagnostic rule application steps,
it may be verified that the patient is suffering from bron-
chospasm. Once bronchospasm is verified, the operator
switches capnograph 402 to a serial comparison mode. The
medical team applies the appropriate interventions to the
patient to treat the bronchospasm.

[1437] The following rule is preferably applied to the
capnogram by computer 416:
[1438] 1) If:

[1439] a) the value of CAP-FEV1 is greater than 50%;
and
[1440] b) the slope is greater or equal to 100 mm

Hg/sec; and,

[1441] c) the angle of rise of the carbon dioxide con-
centration is greater than a predetermined value in
degrees

[1442] then,

[1443] computer 416 displays a message on display
418: “GOOD RESPONSE TO TREATMENT: CON-
SIDER DISCHARGE HOME.”

[1444] Reference is now made to FIGS. 25A and 25R,
which 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 disposition of a
spontaneously breathing patient in a second clinical sce-
nario. As seen in FIGS. 25A and 25B, a child having an
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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,
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 422, such as a Microcap, com-
mercially available from Oridion Ltd., of Jerusalem Israel.

[1445] Other patient physiological 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 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.

[1446] The outputs of the capnograph 422 and preferably
of additional instrumentation 424 are preferably supplied to
a suitably programmed automatic diagnostic and treatment
computer 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 diag-
nostic statement, here “MODERATE BRONCHOSPASM
PRESENT”.

[1447] The patient is given breathing treatments, such as
beta agonist nebulizer treatments and following such treat-
ments 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
successful, a status message, here “POOR RESPONSE TO
TREATMENT?”, is presented accompanied by a disposition
recommendation, here “CONSIDER ADMISSION TO
HOSPITAL” and the physician may send the child to the
hospital.

[1448] 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.

[1449] 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.

[1450] 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.

[1451] The onset and offset limits of the patient’s capno-
gram from capnograph 422 are delineated by computer 426.

[1452] The waveform quality of the capnogram is assessed
by employing the criteria that an acceptable quality is
defined by:

[1453] i) the root mean square (rms) of the noise of the
waveform must be less than 2 mm Hg; and

[1454] 1ii) the breath-to-breath correlation must be
greater than 0.85.
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[1455] 1If the quality is unacceptable, further samples are
collected until a sample of acceptable quality, according to
the above two criteria, is taken.

[1456] 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 determined by computer 426.

[1457] At startup, the following checking rule is prefer-
ably applied.
[1458] 1) If:

[1459] a) the ETCO, value is more than 15 mm Hg;
[1460] then,

[1461] a display is provided by computer 426 stating

“GOOD WAVEFORM, QUALITY: MONITORING
FOR BRONCHOSPASM”.
[1462] If the monitoring is successful, the operator con-
firms this, by for example, entering the relevant code into
computer 426, and capnograph 422 is then entered into a
diagnostic monitoring mode. The patient is monitored con-
tinuously by capnograph 422.
[1463] Thereafter a cycle of alternating I) sampling step
(data collection and measurement) and II) diagnostic rule
application to the previous sample step I) is initiated. The
sampling step is typically performed every 15 minutes for
one hour after the treatment.

I) Sampling Step

[1464] a) A sample of expired air is taken and conveyed
from cannula 420 to capnograph 422.

[1465] b) The carbon dioxide concentration is measured
continuously by capnograph 422 as a capnogram.

[1466] c¢) The capnogram is digitized as waveform and
store for analysis by computer 426.

[1467] d) Computer 426 marks onset and offset limits of
the capnogram.
[1468] e) The waveform quality of the capnogram is

assessed by employing the criteria that an acceptable quality
is defined by:
[1469] 1) the root mean square (rms) of the noise of the
waveform must be less than 2 mm Hg; and
[1470] 1i) the breath-to-breath correlation must be
greater than 0.85.
[1471] 1) The slope and the run are determined by com-
puter 426.

1I) Diagnostic Rule Application Step

[1472] In a diagnostic rule application step, the following
diagnostic rules are preferably applied to the measured
parameters of I) Sampling step by computer 426:
[1473] 1) If:
[1474] a) the blood pressure values are within the
normal range;

[1475] b) the respiratory rate is normal;
[1476] c) CO, run is less than or equal to 0.3 sec;
[1477] d) CO, slope is more than or equal to 100 mm
Hg/sec;
[1478] e) SPO,
[1479] is greater than or equal to 95% SAT; and
[1480] 1) ETCO, is less than or equal to 45 mm Hg;
[1481] then,

[1482] display 428 shows the message “NO BRON-
CHOSPASM PRESENT.”
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[1483] 2) In contrast, if:
[1484] a) CO, run is greater than 0.3 sec;
[1485] b) CO, slope is less than 100 mm Hg,/sec;
[1486] c) SPO, is greater than or equal to 91% SAT, but

less than 95% SAT; and
[1487] d) ETCO, is less than 45 mm Hg;
[1488] then,
[1489] the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 428.
[1490] 3) If the parameters measured are yet further
removed from the acceptable range, such as if:

[1491] a) CAP-FEVI is less than 50%;

[1492] b) SPO, is less than 91% SAT; and

[1493] c¢) ETCO, is greater than 45 mm Hg;
[1494] then,

[1495] a message such as “SEVERE BRONCHOS-
PASM PRESENT” is displayed on display 428.
[1496] At any one of the diagnostic rule application steps,
it may be verified that the patient is suffering from bron-
chospasm. Once bronchospasm is verified, the operator
switches capnograph 422 to a serial comparison mode. The
medical team applies the appropriate interventions to the

patient to treat the bronchospasm.

[1497] The following rule is preferably applied to the
capnogram by computer 426:

[1498] 1) If:

[1499] a) the value of CAP-FEV 1 is less than 50%; and

[1500] D) the slope is less than 100 mm Hg/sec; and,

[1501] c) the angle of rise of the carbon dioxide con-
centration is less than a predetermined value in degrees;

[1502] then,

[1503] computer 426 displays a message on display
428: “POOR RESPONSE TO TREATMENT: CON-
SIDER ADMISSION TO HOSPITAL INTENSIVE
CARE.”

[1504] 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
severity 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 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 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 Jeru-
salem Israel, typically coupled with a capnograph 452, 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 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
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oximetry)and systemic circulation (e.g. NIBP), may also be
sensed and measured by suitable instrumentation 462.
[1505] The outputs of the capnograph 452 and preferably
of additional instrumentation 462 are preferably supplied to
a suitably programmed automatic diagnostic and treatment
computer 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 diag-
nostic statement indicating the presence of lower airway
obstruction, here “ALERT: MODERATE BRONCHOS-
PASM PRESENT”. The presence of bronchospasm defini-
tively indicates lower airway obstruction.

[1506] The patient is 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 464 to indicate the response to the
breathing treatment and the current status of the patient
condition. 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 CRITI-
CAL”. A treatment recommendation may also be provided,
such as “CONSIDER INTUBATION”.

[1507] Intubation is performed and correct initial tube
placement is confirmed followed by continuous monitoring
of the physiologic 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.

[1508] Following successful intubation, continuous moni-
toring may provide a status statement such as “ADEQUATE
CO, WAVEFORM—TUBE IN TRACHEA—NO DIS-
LOGEMENT”. If tube dislodgment occurs at any time
following intubation , a status statement would appear, such
as “CO, WAVEFORM ABSENT” preferably accompanied
by a treatment recommendation, such as “CHECK FOR
TUBE DISLOGEMENT”.

[1509] 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.

[1510] Reference is now made additionally to FIG. 28,
which illustrates the operation of the system and method-
ology 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.
[1511] In the scenario described in FIGS. 27A and 27B
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.

[1512] The patient previously attached to a multi-param-
eter monitor including a capnograph 452 and suitable instru-
mentation 462, by means of cannula 450 and preferably also
by means of chest electrodes 454, finger sensor 456, fore-
head 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, includ-
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ing visual and electroencephalograph (EEG) monitoring.
Values of CO, concentration, ECG, NIBP and (the percent
saturation of the hemoglobin molecule with oxygen) SPO,
are continuously monitored, and carbon dioxide waveforms
are preferably digitized as a capnogram 452 and together
with other waveforms are stored in computer 464.
[1513] At least one expired air sample is collected and
conveyed for analysis by capnograph 452. The outputs of the
capnograph 452 and possibly of additional instrumentation
462 are preferably supplied to suitably programmed auto-
matic diagnostic and treatment computer 464, having asso-
ciated display 466, which typically analyzes the respiration
parameter output of the capnograph 452.
[1514] In an analyzing step, the onset and offset limits of
a capnogram 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.
[1515] Following each treatment, the differences between
consecutive 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:
[1516] 1) If:
[1517] a) the blood pressure values are within the
normal range;
[1518] D) the respiratory rate is normal; and
[1519] c¢) ETCO, is less than 45 mm Hg;
[1520] then,
[1521] display 466 shows the message “VITAL SIGNS
STABLE™.
[1522] 2) In contrast, if:
[1523] 1) If:
[1524] a) the blood pressure values are not within the
normal range;

[1525] D) the respiratory rate is not normal; and

[1526] c) ETCO, is more than or equal to 45 mm Hg;
[1527] then,

[1528] display 466 shows the message “RESPIRA-

TORY IMPAIRMENT”.

[1529] Additionally, the following rules may also be
applied:
[1530] 3)If:
[1531] a) CO, run is less than or equal to 0.3 sec; and
[1532] b) CO, slope is more than or equal to 100 mm
Hg/sec;
[1533] then,
[1534] display 466 shows the message “NO BRON-

CHOSPASM PRESENT: CONSIDER UPPER AIR-
WAY OBSTRUCTION™.
[1535] 4)If:
[1536] a) CO, run is more than 0.3 sec;
[1537] b) CO, slope is less than 100 mm Hg/sec;
[1538] then,

[1539] display 466 shows the message “BRONCHOS-
PASM PRESENT: CONSIDER LOWER AIRWAY
OBSTRUCTION”.

[1540] The findings of the last stage are stored by com-
puter 464 and/or transmitted via transmitter 468 to a dis-
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patch/receiving center, typically located at a hospital or
medical center. A connection is established with the dis-
patch/receiving center, and the data is forwarded thereto. A
medical supervisor typically watches display of the received
data, and consequentially transmits the recommended treat-
ment and/or transport recommendations back to the ambu-
lance.
[1541] After each time interval, the difference between
consecutive measures of each parameter are calculated by
computer 464: Thereafter, the following monitoring rules
are preferably applied to the measured parameters by com-
puter 464.
[1542] 1) If:
[1543] a) the difference in the run values is greater than
+0.1 sec; and
[1544] b) the difference in the slope is more negative
than -15 mm Hg/sec;
[1545] then,
[1546] computer 464 displays on display 466 “BRON-
CHOSPASM WORSENING™.
[1547] 2) If:
[1548] a) the difference in the run values is more
negative than -0.1 sec; and
[1549] b) the difference in the slope is more positive
than +15 mm Hg/sec;
[1550] then,
[1551] computer 464 displays on display 466 “BRON-
CHOSPASM IMPROVING™.
[1552] 3)If:
[1553] a) the difference in the run is greater or equal to
-0.1 sec, but less than or equal to +0.1 sec; or
[1554] 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;
[1555] then,
[1556] computer 464 displays on display 466 “BRON-
CHOSPASM UNCHANGED”.
[1557] The change in patient’s vital functional activities,
including SPO, and ETCO,, over the time interval are
calculated by computer 464.
[1558] 4) If:
[1559] a) the decrease in SPO, is more negative than
-5% SAT; or
[1560] D) the increase in the ETCO, is more than +5 mm
Hg;
[1561] then,
[1562] computer 184 displays on display 186 “VITAL
SIGNS DETERIORATING.”

[1563] 5)If
[1564] a) the increase in SPO, is more than +5% SAT;
or
[1565] D) the decrease in the ETCO, is more than -5
mm Hg;
[1566] then,
[1567] computer 464 displays on display 466 “VITAL

SIGNS IMPROVING”.
[1568] ©6) If:
[1569] a) the change in SPO; is greater than or equal to
-5% SAT, but less than or equal to +5% SAT; or
[1570] D) the change in the ETCO, is more than or equal
to -5 mm Hg, but less than or equal to +5 mm Hg;
[1571] then,
[1572] computer 464 displays on display 466 “VITAL
SIGNS UNCHANGED.”
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[1573] Computer 464 preferably combines the results of
these monitoring rules to display an integrated display 466
such as “BRONCHOSPASM WORSENING; VITAL
SIGNS UNCHANGED.”

[1574] In a checking rule step, the following rule is
preferably applied:

[1575] 1) A patient appears to be entering respiratory
failure phase if:

[1576] a) the SPO, is less than 90% SAT:

[1577] 1) the respiratory rate is less than 8/min;
[1578] c¢) ETCO, is greater than 60 mm Hg; and
[1579] d) the patient’s neurological symptoms are

qualified as being “bad”;
[1580] then,

[1581] computer 464 displays “RESPIRATORY FAIL-
URE; CONDITION CRITICAL; CONSIDER INTU-
BATION.” on display 466.

[1582] Following this, in an alert data transmission stage,
a high priority update is transmitted via transmitter 468 from
computer 464 to notify the dispatch/receiving centers of the
significant deterioration and change in the patient’s condi-
tion.

[1583] Once these changes in the patient’s condition have
been confirmed by an operator, the patient is consequentially
intubated 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 stan-
dardized capnograms for intubation in computer 464, the
computer displays “MONITORING FOR INTUBATION™.

[1584] Thereafter, the following check rule is preferably
applied to the patient’s capnogram:
[1585] 1.1If:
[1586] a) ETCO, is greater than 15 mm Hg;
[1587] then,
[1588] computer 464 displays “GOOD WAVEFORM,

TUBE IN TRACHEA. CONFIRM AND SECURE
TUBE.”
[1589] In the next step, the following momtoring rules are
preferably applied to the patient’s capnogram:
[1590] 1) If:
[1591] a) the value of ETCO, is greater than 15 mm Hg;
[1592] then,
[1593] computer 214 displays “MONITORING TUBE
POSITION: NO DISLODGEMENT” on display 216.
[1594] 2) If:
[1595] a) the value of ETCO, is less than or equal to 15
mm Hg; or
[1596] D) there is a loss of the waveform;
[1597] then,
[1598] computer 464 displays “ALERT: CHECK FOR
TUBE DISLODGEMENT” on display 466.
[1599] 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 eflicient transfer of the patient
upon arrival to the hospital.
[1600] 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.
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[1601] 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 environment for distinguishing between upper
airway obstruction and lower airway obstruction, such as
distinguishing between asthma and croup, bronchiolitis and
croup, and allergic reactions affecting the upper or lower
airways. As seen in FIG. 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 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 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 Jeru-
salem Israel, typically coupled with a capnograph 472, 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 474, a finger sensor 476, a
forehead/scalp sensor 478 and a blood pressure cuff' 480
respectively, may also be sensed and measured by suitable
instrumentation 482. 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 482.

[1602] The outputs of the capnograph 472 and preferably
of additional instrumentation 482 are preferably supplied to
a suitably programmed automatic diagnostic and treatment
computer 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 diag-
nostic statement differentiating upper airway obstruction
from lower airway obstruction, here “ELEVATED RESPI-
RATORY RATE. NO BRONCHOSPASM PRESENT”. The
absence of bronchospasm in this scenario strongly suggests
upper airway obstruction.

[1603] The patient is given an intravenous or intra-mus-
cular medication, 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 “CONDITION STABLE”. Preferably some
or all of the outputs of computer 484 are transmitted in a
wireless manner by a transmitter 488, such as via radio or a
cellular telephone link, preferably to a dispatch center or
patient receiving facility.

[1604] Reference is now made additionally to FIG. 30,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
of FIG. 29. The patient is treated in an ambulance environ-
ment 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.
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[1605] Inthe 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.
[1606] The patient previously attached to a multi-param-
eter monitor including a capnograph 472 and suitable instru-
mentation 482, by means of cannula 470 and preferably also
by means of chest electrodes 474, finger sensor 476, fore-
head 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, includ-
ing visual and electroencephalograph (EEG) monitoring.
Values of CO, concentration, 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.
[1607] At least one expired air sample is collected and
conveyed for analysis by capnograph 472. The outputs of the
capnograph 472 and possibly of additional instrumentation
482 are preferably supplied to suitably programmed auto-
matic diagnostic and treatment computer 484, having asso-
ciated display 486, which typically analyzes the respiration
parameter output of the capnograph 472.
[1608] In an analyzing step, the onset and offset limits of
a capnogram 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.
[1609] Following each treatment, the differences between
consecutive 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:
[te10] 1) If:
[1611] a) the blood pressure values are within the nor-
mal range;
[1612] b) the respiratory rate is normal; and
[1613] c¢) ETCO, is less than 45 mm Hg;
[1614] then,
[1615] display 486 shows the message “VITAL SIGNS
STABLE”.
[1616] 2) In contrast, if:
[1617] 1) If:
[1618] a) the blood pressure values are not within the
normal range;

[1619] D) the respiratory rate is not normal; and
[1620] c) ETCO, is more than or equal to 45 mm Hg;
[1621] then,

[1622] display 486 shows the message “RESPIRA-
TORY IMPAIRMENT”.
[1623] Additionally, the following rules may also be
applied:
[1624]
[1625]
[1626]

3) If:
a) CO, run is less than 0.3 sec;
b) CO, slope is more than 100 mm Hg/sec;
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[1627] then,
[1628] display 486 shows the message “NO BRON-
CHOSPASM PRESENT”.
[1629] 4)If:
[1630] a) CO, run is more than 0.3 sec;
[1631] b) CO, slope is less than 100 mm Hg/sec;
[1632] then,

[1633] display 486 shows the message “BRONCHOS-
PASM PRESENT: CONSIDER LOWER AIRWAY
OBSTRUCTION".

[1634] The findings of the last stage are stored by com-
puter 484 and/or transmitted via transmitter 488 to a dis-
patch/receiving center, typically located at a hospital or
medical center. A connection is established with the dis-
patch/receiving center, and the data is forwarded thereto. A
medical supervisor typically watches display of the received
data, and consequentially transmits the recommended treat-
ment and/or transport recommendations back to the ambu-
lance.

[1635] 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.

[1636] Reference is now made to FIG. 31, which is a
simplified pictorial illustration of an automatic medical
diagnostic and treatment system and methodology for dis-
tinguishing 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 mea-
sured, including respiratory physiologic activities, prefer-
ably via an oral airway adapter and/or a nasal or nasal/oral
cannula 500, such as a Model Nasal FilterLine Adult XS
04461, 0,/CO,Nasal FilterLine Adult 007141, or Smart
CapnolLine Adult (Oral/nasal. FilterLine) 007414, commer-
cially available from Oridion Ltd.. of Jerusalem Israel,
typically coupled with a capnograph 502, such as a Micro-
cap®, commercially available from Oridion Ltd., of Jeru-
salem 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 504, a finger sensor 506, a
forehead/scalp sensor 508 and a blood pressure cuff 510
respectively, may also be sensed and measured by suitable
instrumentation 512.

[1637] The outputs of the capnograph 502 and possibly of
additional instrumentation 512 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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
differentiating heart failuore from emphysema, here
“ABNORMAL CO, WAVEFORM CONSISTENT WITH
MODERATE CONGESTIVE HEART FAILURE™.

[1638] This diagnostic statement indicates that treatment
is required for heart failure rather than for emphysema.
Intravenous and/or sublingual medications such as nitro-
glycerin, morphine and LASIX® are administered after
which a diagnostic statement which indicates the patient
status and the severity of the cardio-respiratory condition is
preferably presented, here “MILD CONGESTIVE HEART
FAILURE, CONDITION IMPROVING”
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[1639] Reference is now made additionally 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.
[1640] 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.
[1641] The patient, previously attached to a multi-param-
eter monitor including a capnograph 502 and suitable instru-
mentation 512, by means of cannula 500 and preferably also
by means of chest electrodes 504, finger sensor 506, fore-
head sensor 508 and blood pressure cuff 510, is monitored
continuously for at least thirty seconds. Neurological status
of the patient is acquired by any suitable technique, includ-
ing visual and electroencephalograph (EEG) monitoring.
Values of CO, concentration, ECG, NIBP and SPO, are
continuously monitored, and carbon dioxide waveforms are
preferably digitized as a capnogram 517 and together with
other waveforms are stored in computer 514.
[1642] At least one expired air sample is collected and
conveyed for analysis by capnograph 472. The outputs of the
capnograph 502 and possibly of additional instrumentation
512 are preferably supplied to suitably programmed auto-
matic diagnostic and treatment computer 514, having asso-
ciated display 516, which typically analyzes the respiration
parameter output of the capnograph 502.
[1643] In an analyzing step, the onset and offset limits of
a capnogram 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, 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 CQO, concentration, are calculated by computer
514.
[1644] Following each treatment, the differences between
consecutive 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:
[1645] 1) If:

[1646] a) the blood pressure values are within the

normal range;

[1647] D) the respiratory rate is normal; and

[1648] c¢) ETCO, is less than 45 mm Hg;
[1649] then,

[1650] display 516 shows the message “VITAL SIGNS

WITHIN NORMAL LIMITS”.

[1651] 2) In contrast, if:
[1652] a) the value of Diminished CAP-FEV1 is a40:10
point ratio; and,
[1633] b) Normal CAP-FEVI/FVC (FORCED VITAL
CAPACITY),

[1654]
[1655]

¢) CO, run is less than 0.3 sec;
d) CO, slope is more than 100 mm Hg/sec;
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[1656] then,
[1657] display 516 shows the message “HEART FAIL-
URE PRESENT”.

[1658] Additionally, if a heart failure is present then the
following rules may also be applied:
[1659] 3)If:

[1660] a) the value of CAP-FEV1 is less than 80%;
[1661] then

[1662] display 516 shows the message “MODERATE

HEART FAILURE PRESENT™.

[1663] 4)If

[1664] a) the value of CAP-FEV1 is less than 80%;

[1665] b) the value of SPO, is less than 91% SAT; and

[1666] c) the value of ETCO, is less than 45 mm Hg;
[1667] then,

[1668] display 516 shows the message “SEVERE
HEART FAILURE PRESENT”.
[1669] Thereafter a cycle of alternating I) sampling step
(data collection and measurement) and II) diagnostic rule
application to the previous sample step I) is initiated.

1) Sampling Step

[1670] a) A sample of expired air is taken and conveyed
from cannula 500 to capnograph 502.

[1671] b) The carbon dioxide concentration is measured
continuously by capnograph 502 as capnogram 517.
[1672] c) The capnogram is digitized as waveform and
store for analysis by computer 514.

[1673] d) Computer 514 marks onset and offset limits of
the capnogram.
[1674] ) The waveform quality of the capnogram is

assessed by employing the criteria that an acceptable quality
is defined by:
[1675] 1) the root mean square (rms) of the noise of the
waveform must be less than 2 mm Hg; and
[1676] 1ii) the breath-to-breath correlation must be
greater than 0.85.
[1677] 1) The slope and the run are determined by com-
puter 514.

1I) Diagnostic Rule Application Step

[1678] In a diagnostic rule application step, the following
diagnostic rules are preferably applied to the measured
parameters of I) Sampling step by computer 514:
[1679] 1)If:
[1680] a) the blood pressure values are within the
normal range;

[1681] b) the respiratory rate is normal,
[1682] c¢) CO, run is less than or equal to 0.3 sec;
[1683] d) CO, slope is more than or equal to 100 mm
Hg/sec;
[1684] e) SPO, is greater than or equal to 95% SAT; and
[1685] 1) ETCO, is less than or equal to 45 mm Hg;
[1686] then,

[1687] display 516 shows the message “NO HEART
FAILURE PRESENT.”
[1688] 2) If:
[1689] a) the value of CAP-FEV1 is more than 50%, but
less than or equal to 80%; and
[1690] b) the value of SPO, is greater or equal to 91%
SAT but less than 95% SAT;
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[1691] then
[1692] display 516 shows the message “ MODERATE
HEART FAILURE PRESENT”. 3) If:

[1693] a) the value of CAP-FEV1 is less than 80%;

[1694] b) the value of SPO, is less than 91% SAT; and

[1695] c) the value of ETCO, is less than 45 mm Hg;
[1696] then,

[1697] display 516 shows the message “SEVERE
HEART FAILURE PRESENT”.

[1698] 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 ambulance environment for treating pulmonary edema.
As seen in FIG. 33, 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 550, 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 Jeru-
salem Israel, typically coupled with a capnograph 552, 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 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.
[1699] The outputs of the capnograph 552 and possibly of
additional instrumentation 562 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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 CONSIS-
TENT WITH SEVERE CONGESTIVE HEART FAIL-
URE”.
[1700] 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 “MOD-
ERATE CONGESTIVE HEART FAILURE, CONDITION
IMPROVING”.
[1701] 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.
[1702] The patient previously attached to a multi-param-
eter monitor including a capnograph 552 and suitable instru-
mentation 562, by means of cannula 550 and preferably also
by means of chest electrodes 554, finger sensor 556, fore-
head sensor 558 and blood pressure cuff 560, is monitored
continuously for at least thirty seconds. Neurological status
of the patient is acquired by any suitable technique, includ-
ing visual and electroencephalograph (EEG) monitoring.
Values of CO, concentration, ECG, NIBP, SPO,, and cere-
bral oximetry are continuously monitored, and carbon diox-
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ide waveforms are preferably digitized as a capnogram 567
and together with other waveforms are stored in computer
564.
[1703] At least one expired air sample is collected and
conveyed for analysis by capnograph 552. The outputs of the
capnograph 552 and possibly of additional instrumentation
562 are preferably supplied to suitably programmed auto-
matic diagnostic and treatment computer 564, having asso-
ciated display 566, which typically analyzes the respiration
parameter output of the capnograph 552.
[1704] In an analyzing step, the onset and offset limits of
a capnogram 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.
[1705] Following each treatment, the differences between
consecutive 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:
[1706] 1) If:

[1707] a) the blood pressure values are within the

normal range;

[1708] b) the respiratory rate is normal; and
[1709] c¢) ETCO, is less than 45 mm Hg;
[1710] then,
[1711] display 566 shows the message “VITAL SIGNS
WITHIN NORMAL LIMITS”.
[1712] 2) In contrast, if:
[1713] a)the value of Diminished CAP-FEV1is a 40:10
point ratio;
[1714] 1) Normal CAP-FEV/FVC;
[1715] c¢) CO, run is less than 0.3 sec; and,
[1716] d) CO, slope is more than 100 mm Hg/sec;
[1717] then,

[1718] display 566 shows the message “BRONCHOS-
PASM IS PRESENT”.

[1719] Additionally, if bronchospasm is present then the
following rules may also be applied:
[1720] 3)If:

[1721] a) the value of CAP-FEV1 is less than 80%;
[1722] then

[1723] display 566 shows the message “MODERATE

BRONCHOSPASM IS PRESENT”.
[1724] 4)If:
[1725] a) the value of CAP-FEV1 is less than 80%;
[1726] D) the value of SPO, is less than 91% SAT; and
[1727] c) the value of ETCO, is less than 45 mm Hg;
[1728] then,
[1729] display 566 shows the message “SEVERE
BRONCHOSPASM PRESENT”.
[1730] Thereafter a cycle of alternating I) sampling step
(data collection and measurement) and II) diagnostic rule
application to the previous sample step 1) is initiated:

1) Sampling Step

[1731] a) A sample of expired air is taken and conveyed
from cannula 550 to capnograph 552.
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[1732] b) The carbon dioxide concentration is measured
continuously by capnograph 552 as capnogram 567.
[1733] c¢) The capnogram is digitized as waveform and
store for analysis by computer 564.

[1734] d) Computer 564 marks onset and offset limits of
the capnogram.
[1735] e) The waveform quality of the capnogram is

assessed by employing the criteria that an acceptable quality
is defined by:
[1736] 1) the root mean square (rms) of the noise of the
waveform must be less than 2 mm Hg; and
[1737] 1ii) the breath-to-breath correlation must be
greater than 0.83.
[1738] f) The slope and the run are determined by com-
puter 564.

1T) Diagnostic Rule Application Step

[1739] In a diagnostic rule application step, the following
diagnostic rules are preferably applied to the measured
parameters of I) Sampling step by computer 564:
[1740] 1) 1If:
[1741] a) the blood pressure values are within the
normal range;

[1742] D) the respiratory rate is normal;
[1743] c¢) CO, run is less than or equal to 0.3 sec;
[1744] d) CO, slope is more than or equal to 100 mm
Hg/sec;
[1745] e) SPO, is greater than or equal to 95% SAT; and
[1746] f) ETCO, is less than or equal to 45 mm Hg;
[1747] then,

[1748] display 566 shows the message “NO BRON-
CHOSPASM PRESENT.”

[1749] 2) In contrast, if:
[1750] a) CO, run is greater than 0.3 sec;
[1751] b) CO, slope is less than 100 mm Hg/sec;
[1752] c¢) SPO, is more than or equal to 91% SAT, but

less than 95% SAT; and
[1753] d) ETCO, is less than 45 mm Hg;
[1754] then,
[1755] the message “MODERATE BRONCHOSPASM
PRESENT” is displayed on display 566.
[1756] 3) If the parameters measured are yet further
removed from the acceptable range, such as if:

[1757] a) CAP-FEVI is less than 50%;

[1758] b) SPO, is less than 91% SAT; and

[1759] c) ETCO, is greater than 45 mm Hg;
[1760] then,

[1761] a message such as “SEVERE BRONCHOS-
PASM PRESENT” is displayed on display 566.
[1762] At any one of the diagnostic rule application -steps,
it may be verified that the patient is suffering from bron-
chospasm. Once bronchospasm is verified, the operator
switches capnograph 552 to a serial comparison mode. The
medical team applies the appropriate interventions to the

patient to treat the bronchospasm.

[1763] 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 activities are sensed and measured,
including respiratory physiologic 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,
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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 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 oxi-
metry), cerebral oxygenation (e.g. cerebral oximetry) 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.

[1764] 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 typically analyzes the respiration parameter output of
the capnograph 572 and possibly other parameters and
provides an output which preferably contains a diagnostic
statement indicating proper intubation, here “TUBE IN
TRACHEA”.

[1765] The system determines whether characteristics of
the capnograph 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 “ABNOR-
MAL WAVEFORM, CHECK FOR RIGHT MAINSTEM
BRONCHUS INTUBATION™.

[1766] Following repositioning of the tube, the system
provides a patient status statement, here “WAVEFORM
NORMALIZED, TUBE IN TRACHEA.

[1767] Reference is now made additionally to FIG. 36,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
of FIG. 35.

[1768] The patient in an ambulance, preferably attached to
a multi-parameter monitor including capnograph 572, is
monitored continuously for at least 30 seconds. Expired air
is collected via cannula 570 and is conveyed to the capno-
graph 572.
[1769] 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.
[1770] The onset and offset limits of the patient’S capno-
gram from capnograph 572 are delineated by computer 584.
[1771] The waveform quality of the capnogram 587 is
assessed by employing the criteria that an acceptable quality
is defined by:

[1772] 1) the root mean square (rms) of the noise of the

waveform must be less than 1 mm Hg; and
[1773] i) the breath-to-breath correlation must be
greater than 0.85.

[1774] If the quality is unacceptable, further samples are
collected until a sample of acceptable quality, according to
the above two criteria, is taken.
[1775] 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 determined by computer 584.
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[1776] At startup, the following checking rule is prefer-
ably applied.
17771 1) 1If:

[1778] a) the ETCO, value is more than 15 mm Hg;
[1779] then,

[1780] a display is provided by computer 584 stating

“GOOD WAVEFORM, TUBE IN TRACHEA”.
[1781] In a checking step, repeated checks for abnormal
waveform shape of capnogram 587. The following rules are
preferably applied to the capnogram shape:

[1782] 1) If

[1783] a) an abnormal waveform shape is observed,
[1784] then,

[1785] computer 584 displays “TUBE IMPROPERLY

POSITIONED: CHECK FOR RIGHT MAINSTEM

INTUBATION” on display 586.

[1786] 2)If:

[1787] a) a normal waveform shape is observed;
[1788] then,

[1789] computer 584 displays “TUBE PROPERLY

POSITIONED: CONFIRM BREATH SOUNDS AND

SECURE TUBE” on display 586.
[1790] 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 capnogram 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
INTUBATION” on display 586.
[1791] 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 pul-
monary embolism. As seen in FIG. 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 1td., of Jerusalem Israel, typically coupled with a
capnograph 602, 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
oxygenation (e.g. cerebral oximetry) and systemic circula-
tion (e.g. NIBP), typically sensed by means of chest elec-
trodes 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.
[1792] The outputs of the capnograph 602 and possibly of
additional instrumentation 612 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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
embolism. A typical such statement is “ALERT: ABNOR-
MAL WAVEFORM CONSISTENT WITH PULMONARY
EMBOLISM”. Following intravenous medication for dis-
solving blood clots in the lungs, the system determines
whether characteristics of the CO2 waveform amplitude and
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shape are approaching normal and preferably provides a
patient status statement, here “WAVEFORM NORMALIZ-
ING, GOOD RESPONSE TO TREATMENT”.

[1793] Reference is now made additionally to FIG. 38,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
of FIG. 37.

[1794] The patient, preferably attached to a multi-param-
eter 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, concen-
tration, 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.

[1795] Thereafter, the onset and offset limits of the cap-
nogram, the pulse waveform and QRS onset and offset are
determined by computer 614. The heart rate, blood pressure
ETCO, and SPO, values are measured. The initial slope of
the capnogram and the run, monitored by capnograph 602,
are calculated by computer 614. Additionally, neurological
findings, monitored by means of an EEG are inputted to
computer 614.

[1796] At various intervals, the differences between con-
secutive 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:

[1797] 1) If:
[1798] a) the heart rate is greater than 100/min;
[1799] b) the SPO, is less than 90% SAT;
[1800] c) the ETCO, is less than 35 mm Hg;
[1801] d) the amplitude (area under curve) of the CO,

waveform is less than a predetermined value:
[1802] e) the ECG is normal; and
[1803] ) the respiratory rate is greater than 15/min;
[1804] display 616 shows the message “ALERT: VITAL
SIGNS CONSISTENT WITH ACUTE PULMONARY
EMBOLISM”.
[1805] After each time interval, the difference between
consecutive measures of each parameter are calculated by
computer 614: Thereafter, the following monitoring rules
are preferably applied to the measured parameters by com-
puter 614.
[1806] 1) If:
[1807] a) the decrease in the SPO, values is greater than
-5% SAT; or

[1808] D) the difference in the ETCO, slope is greater
than +5 mm Hg;
[1809] then,
[1810] computer 614 displays on display 616

“PATIENT STATUS: DETERIORATING”.
[1811] 2)If:
[1812] a) the increase in the SPO, values is greater than
+5% SAT; or

[1813] D) the difference in the ETCO, slope is more
than -5 mm Hg;
[1814] then,
[1815] computer 614 displays on display 616

“PATIENT STATUS:IMPROVING”.
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[1816] 3) If:

[1817] a) the difference in the SPO, values is more
positive than or equal to -5% SAT, but less than or
equal to +5%; or

[1818] b) the difference in the ETCO, slope greater than
or equal to -5 mm Hg, but less than or equal to +5 mm
Hg;

[1819] then,

[1820] computer 614 displays on display 616
“PATIENT STATUS:UNCHANGED”.

[1821] Following the monitoring stage, the following exit
rules are preferably applied to the measured parameters of
the patient by computer 232:

[1822] 1) 1If:
[1823] a) the ECG values are within normal limits;
[1824] 1) the respiratory rate is within normal limits;
[1825] c¢) the heart rate is within normal limits;
[1826] d) the SPO, value is greater than 95% SAT; and
[1827] e) the ETCO, value is less than 45 mm Hg;
[1828] then,
[1829] Computer 614 preferably displays on display

616 “VITAL SIGNS STABLE”.

[1830] (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).

[1831] 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 measured, 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, O,/CO, Nasal FilterLine Adult
007141, or Smart Capnoline Adult (Oral/nasal FilterLine)
007414, commercially available from Oridion Ltd., of Jeru-
salem Israel, typically coupled with a capnograph 632, 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 634, a finger sensor 636, a
forehead/scalp sensor 638 and a blood pressure cuff 640
respectively, may also be sensed and measured by suitable
instrumentation 642.

[1832] The outputs of the. capnograph 632 and possibly of
additional instrumentation 642 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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 “NASOGAS-
TRIC (NG) TUBE IN LUNG”. This status statement is
preferably accompanied by a treatment recommendation;
here “REPOSITION NASOGASTRIC TUBE”. Following
repositioning of the nasogastric tube, a status statement
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confirming proper placement is preferably provided, here
“NASOGASTRIC TUBE IN STOMACH?”. This statement
is preferably accompanied by a treatment recommendation,
here “SECURE TUBE”.
[1833] Reference is now made additionally to FIG. 40,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
of FIGS. 39A and 39B.
[1834] The patient, preferably attached to a multi-param-
eter monitor including capnograph 632, is monitored con-
tinuously for at least 30 seconds. Expired air is collected via
cannula 630 and is conveyed to the capnograph 632.
[1835] 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 com-
puter 644.
[1836] The onset and offset limits of the patient’s capno-
gram from capnograph 632 are delineated by computer 644.
[1837] The waveform quality of the capnogram 647 is
assessed by employing the criteria that an acceptable quality
is defined by:

[1838] 1) the root mean square (rms) of the noise of the

waveform must be less than 1 mm Hg; and
[1839] 1ii) the breath-to-breath correlation must be
greater than 0.85.

[1840] If the quality is unacceptable, further samples are
collected until a sample of acceptable quality, according to
the above two criteria, is taken.
[1841] 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 determined by computer 644.

[1842] The following checking rules are preferably
applied.
[1843] 1) If:
[1844] a) the ETCO, value is less than or equal to 15
mm Hg; or
[1845] b) there is a loss of the waveform of capnogram
647; then,
[1846] a display is provided by computer 644 stating

“NO WAVEFORM PRESENT, NG TUBE NOT IN
TRACHEA”.
[1847] 2)If:
[1848] a) the ETCO, value is more than or equal to 15
mm Hg; or
[1849] b) profile of exhaled gas is detected as a wave-
form of capnogram 647,
[1850] then,

[1851] a display is provided by computer 644 stating
“CO2 DETECTED, NG TUBE IN TRACHEA.”
[1852] 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 myocardial 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 Filterine 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
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capnograph 652, 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
oxygenation (e.g. cerebral oximetry) and systemic circula-
tion (e.g. NIBP), typically sensed by means of chest elec-
trodes 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.

[1853] The outputs of the capnograph 652 and possibly of
additional instrumentation 662 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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 myocardial infarction. A typical such statement is
“VITAL SIGNS CONSISTENT WITH HEART ATTACK.
CONDITION CRITICAL”. Following sublingual and/or
intravenous administration of a medicament such as nitro-
glycerin and morphine, a patient status statement is prefer-
ably provided, here “GOOD RESPONSE TO TREAT-
MENT. CONDITION IMPROVING”.

[1854] Reference is now made additionally to FIG. 42,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
of FIG. 41.

[1855] The patient, preferably attached to a multi-param-
eter monitor including capnograph 652 and suitable instru-
mentation 662, by means of cannula 650 and preferably also
by means of chest electrodes 654, finger sensor 656, fore-
head/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,
concentration, HR, BP (SYS/DIA) ECG, NIBP and SPO, are
continuously measured, typically over a period of 30 sec-
onds, and carbon dioxide waveforms are preferably digitized
as a capnogram 667 and other waveforms and stored on
computer 664.

[1856] Thereafter, the onset and offset limits of the cap-
nogram, the pulse waveform and QRS onset and offset are
determined by computer 664. The initial slope of the cap-
nogram and the run are determined and stored in computer
664.

[1857] At various intervals, the differences between con-
secutive 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:

[1858] 1) If:
[1859] a) there is a localized elevation in the ST seg-
ment in the ECG; and
[1860] b) the ETCO, is declining at least by 2 mm
Hg/min over five minutes;
[1861] then,

[1862] display 666 shows the message “ACUTE MYO-
CARDIAL INFARCTION (MI) SUSPECTED”.

[1863] 2)If:
[1864] a) the SPO, value is less than 91% SAT; and
[1865] b) the ETCO, value is less than 30 mm Hg;
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[1866] then,
[1867] display 66 shows the message “VITAL SIGNS
CRITICAL”.
[1868] After each time interval, the difference between
consecutive measures of each parameter are calculated by
computer 664: Thereafter, the following monitoring rules
are preferably applied to the measured parameters by com-
puter 664.
[1869] 1) If:
[1870] a) the difference in the ST elevation in the ECG
is greater than 0.1 mm and

[1871] b) the difference in the ETCO, slope is less than
-1 mm Hg/min;
[1872] then,
[1873] computer 664 displays on display 666

“PATIENT STATUS: WORSENING”.
[1874] 2)If:
[1875] a) the difference in the ST elevation in the ECG
is less than -0.1 mm and

[1876] b) the difference in the ETCO, is more than 1
mm Hg/min;
[1877] then,
[1878] computer 664 displays on display 666

“PATIENT STATUS: IMPROVING™.
[1879] 3)If:

[1880] 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

[1881] D) 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;

[1882] then,

[1883] computer 664 displays on display 666
“PATIENT STATUS: UNCHANGED”,

[1884] 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 physiologic activities are sensed and measured,
including respiratory 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,
0,/CO,Nasal FilterLine Adult 007141, or Smart CapnoLine
Adult (Oral/nasal FilterLine) 007414, commercially avail-
able from Oridion [td., of Jerusalem Israel. typically
coupled with a capnograph 672, 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 674, a finger sensor 676, a forehead/scalp sensor
678 and a blood pressure cuff 680 respectively, may also be
sensed and measured by suitable instrumentation 682.

[1885] The outputs of the capnograph 672 and possibly of
additional instrumentation 682 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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
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SIGNS CONSISTENT WITH CARDIOGENIC SHOCK.
CONDITION CRITICAL”. Following intravenous admin-
istration of a medicament such as dopamine dobutamine, a
patient status statement is preferably provided, here “CON-
DITION IMPROVING”.

[1886] Reference is now made additionally to FIG. 44,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
of FIG. 43.

[1887] The patient, preferably attached to a multi-param-
eter monitor including capnograph 672 and suitable instru-
mentation 682, by means of cannula 670 and preferably also
by means of chest electrodes 674, finger sensor 676, fore-
head/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,
concentration, HR, BP (SYS/DIA) ECG, NIBP and SPO, are
continuously measured, typically over a period of 30 sec-
onds, and carbon dioxide waveforms are preferably digitized
as a capnogram 667 and other waveforms and stored on
computer 684.

[1888] Thereafter, the onset and offset limits of the cap-
nogram, the pulse waveform and QRS onset and offset are
determined by computer 684. The initial slope of the cap-
nogram and the run are determined and stored in computer
684.

[1889] At various intervals, the differences between con-
secutive measurements of the various patient parameters are
evaluated by computer 684.

[1890] After each interval, in a diagnostic rule application
step, the following diagnostic rules are preferably applied to
the measured parameters by computer 684:

[1891] 1) If:
[1892] a) the systolic blood pressure is less than 90 mm
Hg;
[1893] D) the heart rate is more than 100/min;
[1894] c) the respiratory rate is more than 15/min; and
[1895] d) and the ETCO, is less than 35 mm Hg;
[1896] then,
[1897] display 686 shows the message “ALERT: CON-
SIDER CARDIOGENIC SHOCK”.
[1898] 2)
[1899] a) the SPO, value is less than 91% SAT; and
[1900] b) the ETCO, value is less than 30 mm Hg;
[1901] then,

[1902] display 686 shows the message “VITAL SIGNS
CRITICAL”.
[1903] After each time interval, the difference between
consecutive measures of each parameter are calculated by
computer 684: Thereafter, the following monitoring rules
are preferably applied to the measured parameters by com-
puter 684.
[1904] 1) If:
[1905] a) the difference in the systolic blood pressure is
less than -5 mm Hg; and

[1906] D) the difference in the ETCO, is less than -1
mm Hg/min;
[1907] then,
[1908] computer 664 displays on display 666

“PATIENT STATUS:WORSENING”.
[1909] 2)If:
[1910] a) the difference in the systolic blood pressure is
more than 5 mm Hg; and
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[1911] b) the difference in the ETCQ, is more than 1
mm Hg/min;
[1912] then,
[1913] computer 664 displays on display 666

“PATIENT STATUS:IMPROVING”.
[1914] 3) If:

[1915] 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

[1916] 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;

[1917] then,

[1918] computer 684 displays on display 686
“PATIENT STATUS:UNCHANGED”.

[1919] 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 FI1G. 45, a patient who
is found to be unconscious and unresponsive is subsequently
connected to the system of the present invention. 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
700, 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 702, 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 704, a finger sensor 706, a forehead/scalp sensor
708 and a blood pressure cuff 710 respectively, may also be
sensed and measured by suitable instrumentation 712.
[1920] The outputs of the capnograph 702 and possibly of
additional instrumentation 712 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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: CAR-
DIAC ARREST”. Following treatment, typically including
intubation and intravenous 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 CAR-
DIAC COMPRESSIONS:” 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 recommen-
dation such as “RETURN OF SPONTANEOUS CIRCU-
LATION. CHECK FOR PULSE”.

[1921] Reference is now made additionally to FIG. 46,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
of FIG. 45.

[1922] The patient, preferably attached to a multi-param-
eter monitor including capnograph 702 and suitable instru-
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mentation 712, by means of cannula 700 and preferably also
by means of chest electrodes 704, finger sensor 706, fore-
head/scalp sensor 708 and blood pressure cuff 710, is
monitored continuously. The neurological status of the
patient is acquired by any suitable technique. Values of CO,
concentration, HR, BP (SYS/DIA) ECG, NIBP and SPO, are
continuously measured, typically over a period of 30 sec-
onds, and carbon dioxide waveforms are preferably digitized
as a capnogram 717, and is stored on computer 714 together
with other waveforms.
[1923] Thereafter, the onset and offset limits of the cap-
nogram, the pulse waveform and QRS onset and offset are
determined by computer 714: The initial slope of the cap-
nogram and the run are determined and stored in computer
714.
[1924] At various intervals, the differences between con-
secutive measurements of the various patient parameters are
evaluated by computer 714.
[1925] After each time interval, the difference between
consecutive measures of each parameter are calculated by
computer 714: Thereafter, the following monitoring rules
are preferably applied to the measured parameters by com-
puter 714.
[1926] 1) If:

[1927] a) the heart rate is less than 30/min; and

[1928] b) the ETCO, value is less than 15 mm Hg;
[1929] then,

[1930] computer 714 displays on display 716 “NO

RETURN OF CIRCULATION".

[1931] 2)1If:
[1932] a) the heart rate is more than or equal to 30/min;
and
[1933] ©b) the ETCO, value is more than or equal to 15
mm Hg;
[1934] then,
[1935] computer 714 displays on display 716

“RETURN OF CIRCULATION”.

[1936] 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 hospital environment for determining the pres-
ence of acute cardiac ischemia in a patient.

[1937] As seen in FIG. 47, while a patient, undergoes
treadmill testing in a doctor’s office, various patient physi-
ologic activities are sensed and measured, including respi-
ratory physiologic 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 Jerusalem Israel, typically coupled with a
capnograph 732, such as a Microcap, commercially avail-
able from Oridion Ltd., of Jerusalem Israel. Other patient
physiologic activities relating to cardiac function (e.g.
BCG), systemic oxygenation (e.g. pulse oximetry), cerebral
oxygenation (e.g. cerebral oximetry) and systemic circula-
tion (e.g. NIBP), typically sensed by means of chest elec-
trodes 734, a finger sensor 736, a forechead/scalp sensor 738
and a blood pressure cuff 740 respectively, may also be
sensed and measured by suitable instrumentation 742.
[1938] The outputs of the capnograph 732 and possibly of
additional instrumentation 742 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 744, having an associated display 746 which
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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 diag-
nostic statement appears, here, “ALERT: ACUTE CAR-
DIAC ISCHEMIA”. Upon noticing this statement, the phy-
sician causes the patient to lie down and administers oxygen
treatment to the patient. The system assesses the patient’s
response to the treatment and provides a patient status
message, here “VITAL SIGNS NORMAL”.
[1939] Reference is now made additionally to FIG. 48,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
of FIG. 47.
[1940] The patient, preferably attached to a multi-param-
eter monitor including capnograph 732 and suitable instru-
mentation 742, by means of cannula 730 and preferably also
by means of chest electrodes 734, finger sensor 736, fore-
head/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,
concentration, HR, BP (SYS/DIA) ECG, NIBP and SPO, are
continuously measured, typically over a period of 30 sec-
onds, and carbon dioxide waveforms are preferably digitized
as a capnogram 747, and is stored on computer 744 together
with other waveforms.
[1941] Thereafter, the onset and offset limits of the cap-
nogram, the pulse waveform and QRS onset and offset are
determined by computer 744. The initial slope of the cap-
nogram and the run are determined and stored in computer
744.
[1942] In the next step, when the monitoring has been
verified by the operator, that it is functioning correctly, the
baseline cardiorespiratory pattern is stored in computer 744.
[1943] Thereafter, computer 744 and/or the operator acti-
vates capnograph 732 in a monitoring mode. The patient is
monitored continuously by capnograph 732 for any signifi-
cant change in the cardiorespiratory pattern.
[1944] The following monitoring rule is preferably
applied to capnogram 747 by computer 744.
[1945] 1) If:

[1946] a) a significant change in the cardiorespiratory

pattern is apparent;

[1947] then,

[1948] computer 744 displays “MONITORING

STRESS RESPONSE” on display 746.

[1949] Thereafter, a cycle of alternating I) sampling step
(data collection and measurement) and II) diagnostic rule
application to the previous sample step 1) is initiated.
I) Sampling step
[1950] a) A sample of expired air is taken and conveyed
from cannula 400 to capnograph 732.
[1951] b) The carbon dioxide concentration is measured
continuously by capnograph 744 as a capnogram 747.
[1952] c¢) The capnogram is digitized as waveform and
store for analysis by computer 744.

[1953] d) Computer 744 marks onset and offset limits of
the capnogram.
[1954] ) The waveform quality of the capnogram is

assessed by employing the criteria that an acceptable quality
is defined by:
[1955] 1) the root mean square (rms) of the noise of the
waveform must be less than 2 mm Hg; and
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[1956] ii) the breath-to-breath correlation must be
greater than 0.85.
[1957] f) The Slope and the run are determined by com-
puter 744.

1I) Diagnostic Rule Application Step

[1958] In a diagnostic rule application step, the following
diagnostic rules are preferably applied to the measured
parameters of each sample in ) Sampling step by computer
744:

[1959] 1) If:

[1960] a) there are no signs of ischemia (no elevation
from baseline in the ECG ST segment; and no changes
from baseline in the T-waves;

[1961] D) there are no changes towards ischemia (rising
ST-segment values on ECG from baseline, and drop-
ping ETCO, values >5 mm Hg from baseline);

[1962] then,

[1963] Computer 744 displays on display 746 “NO

SIGNS OF ACUTE CARDIAC ISCHEMIA™.

[1964] 2) If:
[1965] a) a) there are signs of ischemia; or
[1966] D) there are changes towards ischemia; then,
[1967] Computer 744 displays on display 746 “ALERT:

SIGNS OF ACUTE CARDIAC ISCHEMIA™.

[1968] 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 monitoring. As seen in FIG. 49, while a patient is
under sedation and/or anesthesia, typically in the course of
a medical procedure, 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 800, 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 Jeru-
salem Israel, typically coupled with a capnograph 802, 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 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.

[1969] The outputs of the capnograph 802 and possibly of
additional instrumentation 812 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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 WAVE-
FORM RHYTHM”.

[1970] If at a later stage during the medical procedure, a
deviation from the patient’s normal CO2 waveform rhythm
is sensed, a further diagnostic statement is provided, here
“ALERT: SIGNIFICANT DEVIATION IN WAVEFORM
RHYTHM?”. This statement is preferably accompanied by a
treatment recommendation, here “REDUCE SEDATION
LEVEL”. Following reduction in the sedation level, a diag-
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nostic statement which indicates the patient status is pref-
erably presented, here “NORMAL WAVEFORM RHYTHM
RESTORED”.

[1971] Reference is now made additionally to FIG. 50,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
of FIG. 49.

[1972] The patient, preferably attached to a multi-param-
eter monitor including capnograph 802, is typically moni-
tored continuously for at least 30 seconds. Additionally or
alternatively, the patient may be monitored for shorter or
longer durations. Expired air is collected via cannula 800
and is conveyed to the capnograph 802.

[1973] Values of the CO, concentration are continuously
measured, 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.

[1974] The onset and offset limits of the patient’s capno-
gram from capnograph 802 are delineated by computer §14.

[1975] The waveform quality of the capnogram 817 is
assessed by employing the criteria that an acceptable quality
is defined by:
[1976] 1) the root mean square (rms) of the noise of the
waveform must be less than 1 mm Hg; and
[1977] 1ii) the breath-to-breath correlation must be
greater than 0.85.
[1978] If the quality is unacceptable, further samples are
collected until a sample of acceptable quality, according to
the above two criteria, is taken.
[1979] 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 determined by computer 644.
[1980] The following checking rule is preferably applied.
[1981] 1) If:
[1982] a) the ETCO, value is more than 15 mm Hg;
[1983] then,

[1984] a display is provided by computer 8§14 stating
“NORMAL WAVEFORM RHYTHM”.

[1985] 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. Capno-
graph 802 then monitors for any changes in the breathing
pattern of the patient.

[1986] Thereafter, computer 814 displays “MONITOR-
ING SEDATION” on display 646.

[1987] The next step entails a cycle of alternating I)
sampling step (data collection and measurement) and II)
diagnostic rule application to the previous sample step 1) is
initiated.

1) Sampling Step

[1988] In this sampling step, an exhaled air sample from
cannula 800 is periodically collected, conveyed and mea-
sured by capnograph 802. The carbon dioxide concentration
value is determined continuously by capnograph 802. Com-
puter 814 digitizes the capnograph signals as a waveform
and store the waveform for analysis.

[1989] Thereafter, the ETCO, value is determined.
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1) Diagnostic Rule Application Step.

[1990]
sample:
[1991] 1) If:
[1992] a) The value of ETCO, is greater than or equal
to 15 mm Hg; and
[1993] D) There is no loss in the waveform from cap-
nograph 802; and
[1994] c) The respiratory rate is greater than or equal to
12/min;
[1995] then,
[1996] computer 814 displays “NORMAL VENTILA-
TORY WAVEFORM AND RHYTHM” on display 816.

The following diagnostic rules are applied to each

[1997] 2)1If:
[1998] a) The value of ETCO, is less than 15 mm Hg;
or
[1999] D) There is a loss in the waveform from capno-

graph 802; or

[2000] c) The respiratory rate is less than 10/min; or

[2001] d) There is a decline in ETCO, of 50%; or

[2002] e) There is a 50% increase in the pattern vari-
ability; or

[2003] ) There is a 50% decrease in the pattern simi-
larity;

[2004] then,
[2005] computer 814 displays “ALERT: DIMINISHED

VENTILATORY WAVEFORM” on display 816.
[2006] This cycle typically proceeds until the patient
monitoring is halted by the medical team or operator.
[2007] 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 titration. As seen in FIG. 51, when a patient is
being sedated prior to carrying out of a medical procedure,
various patient physiologic activities are sensed and mea-
sured, including respiratory physiologic activities, prefer-
ably via an oral airway adapter and/or a nasal or nasal/oral
cannula 900, such as a Model Nasal FilterLine Adult XS
04461, O,/CO,Nasal FilterLine Adult 007141, or Smart
CapnolLine Adult (Oral/nasal FilterLine) 007414, commet-
cially available from Oridion Ltd., of Jerusalem Israel,
typically coupled with a capnograph 902, such as a Micro-
cap, commercially available from Oridion Ltd., of Jerusalem
Israel.

[2008] Other patient physiologic activities relating to car-
diac 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 904, a finger sensor 906, a forechead/scalp
sensor 908 and a blood pressure cuff 910 respectively, may
also be sensed and measured by suitable instrumentation
912.

[2009] The outputs of the capnograph 902 and possibly of
additional instrumentation 912 are preferably supplied to a
suitably programmed automatic diagnostic and treatment
computer 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 state-
ment confirming proper respiration, here “NORMAL
RESPIRATORY PATTERN”.

[2010] If, following the administration of additional medi-
cation, a deviation from the patient’s normal CO2 waveform
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shape, amplitude or periodicity is sensed, a further status
statement is provided, here “ALERT: MILD HYPOVENTI-
LATION PRESENT”. Following the administration of addi-
tional 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
medical procedure may be commenced. Following comple-
tion of the medical procedure, monitoring continues until a
further status statement, here “NORMAL RESPIRATORY
PATTERN RESTORED” indicates normal respiration and
that the patient may be safely discharged.
[2011] Reference is now made additionally to FIG. 52,
which illustrates the operation of the system and method-
ology of the system of the present invention in the context
of FIG. 51.
[2012] The patient, preferably attached to a multi-param-
eter monitor including capnograph 902, is monitored con-
tinuously for at least 30 seconds. Expired air is collected via
cannula 900 and is conveyed to the capnograph 902.
[2013] 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 com-
puter 914.
[2014] The onset and offset limits of the patient’s capno-
gram from capnograph 902 are delineated by computer 914.
[2015] The waveform quality of the capnogram 917 is
assessed by employing the criteria that an acceptable quality
is defined by:

[2016] 1) the root mean square (rms) of the noise of the

waveform must be less than 2 mm Hg; and
[2017] i) the breath-to-breath correlation must be
greater than 0.85.

[2018] If the quality is unacceptable, further samples are
collected until a sample of acceptable quality, according to
the above two criteria, is taken.
[2019] Thereafter, the ETCO, value and the respiratory
rate are determined.
[2020] 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 determined by computer 914.
[2021] The following checking rule is preferably applied.
[2022] 1) If:

[2023] a) the ETCO, value is more than 15 mm Hg;
[2024] then,

[2025] a display is provided by computer 914 stating
“GOOD WAVEFORM QUALITY; MONITORING
LEVEL OF SEDATION.

[2026] 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 monitor-
ing mode, either by the operator or by computer 914.
Capnograph 902 then monitors for any changes in the
breathing pattern of the patient.

[2027] The next step entails a cycle of alternating I)
sampling step (data collection and measurement) twice per
minute and II) diagnostic rule application to the previous
sample step 1) 1s initiated.
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I) Sampling Step

[2028] In this sampling step, an exhaled air sample from
cannula 900 is periodically collected, conveyed and mea-
sured by capnograph 902. The carbon dioxide concentration
value is determined continuously by capnograph 902. Com-
puter 914 digitizes the capnograph signals as a waveform
and computer 914 stores the waveform for analysis. Com-
puter 914 marks onset and offset limits of the capnogram.
[2029] The waveform quality of the capnogram is assessed
by employing the criteria that an acceptable quality is
defined by:
[2030] 1) the root mean square (rms) of the noise of the
waveform must be less than 2 mm Hg; and
[2031] 1) the breath-to-breath correlation must be
greater than 0.85.
[2032] Thereafter ETCO, and the respiratory rate are
measured, and the results stored on computer 914.

1T) Diagnostic Rule Application Step.

[2033]
sample:
[2034] 1) If:
[2035] a) The value of ETCO, is greater than or equal
to 15 mm Hg, but less than 50 mm Hg;
[2036] b) There is no loss in the waveform from cap-
nograph 902; and

The following diagnostic rules are applied to each

[2037] c) The respiratory rate is greater than 12/min;
[2038] then,
[2039] computer 914 displays “NORMAL RESPIRA-

TORY PATTERN” on display 916.
[2040] 2) If:
[2041] a) The respiratory rate is more than or equal to
10/min, but less than 12/min;
[2042] then,
[2043] computer 914 displays “MILD HYPOVENTI-
LATION” on display 916.
[2044] 3) If:
[2045] a) The value of ETCO, is greater than or equal
to 50 mm Hg, but less than 60 mm Hg; and
[2046] D) The respiratory rate is more than or equal to
6/min, but less than 10/min;
[2047] then,

[2048] computer 914  displays “MODERATE
HYPOVENTILATION” on display 916.
[2049] 4)If:
[2050] a) The value of ETCO, is greater or equal to 60
mm Hg; or
[2051] b) There is a loss in the waveform; or
[2052] c) The respiratory rate is less than 6/min;
[2053] then,
[2054] computer 914 displays “ALERT: SEVERE

HYPOVENTILATION OR APNEA” on display 916.
[2055] 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 to similar or different numerical
values and could incorporate further rules applied to other
parameters. The rules provided herein may be provided as
continuous or discontinuous rules, and may additionally or
alternatively be applied in other combinations of continuity
or discontinuity. Furthermore, it should be understood that
the term “time interval” may include the time required for a
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treatment to be effective in a patient, and the word “treat-
ment” may also be used to denote the time required for the
treatment to be effective, such as in the phrase “after each
treatment”.

[2056] Tt 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 subcombinations of the features described hereinabove
as well as modifications and variations thereof which would
occur to a person of skill in the art upon reading the
foregoing description and which are not in the prior art.

1. 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 com-
prising:

a medical data input interface adapted to provide the at
least one medical parameter relating at least to respi-
ration of the patient; and

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

2. 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 comprising:

a mobile platform; and

a medical care facility suitable for use by an operator
other than a medical doctor, said medical care facility
comprising:

a medical data input interface providing said at least
one medical parameter regarding a patient; and

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

3. 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 comprising:

a medical data input interface providing the at least one

medical parameter regarding a patient;

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

a treatment control functionality for controlling the pro-
vision of at least one treatment to a patient in response
to said at least one output indication.

4. 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 comprising:

a mobile platform; and

a medical care facility suitable for use by an operator
other than a medical doctor, said medical care facility
comprising;

a medical data input interface providing said at least
one medical parameter regarding a patient;
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a medical parameter interpretation functionality receiv-
ing said at least one medical parameter regarding
said 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 said at least one output indication.

5. 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 comprising:

a medical data input interface providing at least two

medical parameters regarding a patient; and

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

6. 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 comprising:

a mobile platform; and

a medical care facility suitable for use by an operator
other than a medical doctor, said medical care facility
comprising:

a medical data input interface providing at least two
medical parameters regarding a patient; and

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

7. 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 comprising:

a medical data input interface providing the plurality of

medical parameters regarding a patient;

a medical parameter interpretation functionality receiving
said plurality of medical parameters regarding said
patient and providing the plurality of output indica-
tions; 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 said
output indications.

8. 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 comprising:

a mobile platform; and

a medical care facility suitable for use by an operator
other than a medical doctor, said medical care facility
comprising:

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

a medical parameter interpretation functionality receiv-
ing said plurality of medical parameters regarding
said patient and providing the plurality of output
indications; and

a medical treatment control functionality for control-
ling the provision of at least one treatment to a
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patient in response to changes in the relationship
between said output indications.
9. 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 com-
prising:
a medical data input interface providing the plurality of
medical parameters regarding a patient; and

amedical parameter response functionality receiving said
plurality of medical parameters regarding said patient
and providing an output indication based on the rela-
tionship between said medical parameters.

10. 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 com-
prising:

a mobile platform; and

a medical care facility suitable for use by an operator

other than a medical doctor, said medical care facility

comprising:

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

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

11. 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 com-
prising:

a medical data input interface providing the plurality of

medical parameters regarding a patient; and

a medical treatment control functionality receiving said

plurality of medical parameters regarding said patient
and controlling at least one treatment based on a
relationship between said medical parameters.

12. 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 com-
prising:

a mobile platform; and

a medical care facility suitable for use by an operator

other than a medical doctor, said medical care facility

comprising:

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

amedical treatment control functionality receiving said
plurality of medical parameters regarding said
patient and controlling at least one treatment based
on a relationship between said medical parameters.
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13. 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 com-
prising:

a medical data input interface providing the plurality of

medical parameters regarding a patient; and

a medical parameter response functionality receiving said

plurality of medical parameters regarding said patient
and providing an output indication relating to a degree
of severity of at least one medical condition indicated
by said plurality of medical parameters.

14. 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 com-
prising:

a mobile platform; and

a medical care facility suitable for use by an operator

other than a medical doctor, said medical care facility

comprising:

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

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

15. A system according to any of claims 1 to 4, and
wherein said data input interface comprises at least one
monitoring device operative to continuously monitor the at
least one medical parameter.

16. A system according to either of claims 5-6, and
wherein said data input interface comprises at least “one
monitoring device operative to continuously monitor the at
least two medical parameters.

17. A system according to any of claims 7 to 8, and
wherein said data input interface comprises at least one
monitoring device operative to continuously monitor the
plurality of medical parameters.

18. A system according to any of claims 9-14, and wherein
said data input interface comprises at least one monitoring
device operative to continuously monitor the plurality of
medical parameters.

19. A system according to any of claims 15-17, and
wherein said at least one monitoring device includes a
capnograph.

20. A system according to any of claims 15-17 and 19, and
wherein said at least one monitoring device is operative to
collect a sample of expired air from said patient.
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