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IBPL/IBP2/ -20 50 -20 100 -20 200 -50 300 50 250 - -
RESP 0 60 0 120 0 240 - - - - - -
AWRR 0 60 0 120 0 240 - - - - - -
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NAME ALl DR. NAME : DR. SAFAVI
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HOME/MODULE SETUP WINDOW
MODULE COLOR >> MODULE VERSION >>
NETWORK SETUP >> MASIMO VERSION >>
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EXIT
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ECG COLOR mm NIBP COLOR
IBP1 COLOR [ TEMP COLOR
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EXIT
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Smma Version:0.0
ECG Version:0.0
IBP Version: 0.0
SPO2 Version: 0.0
Masimo Version: 0.0
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\EXlT\
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cce ] 54 3950 b 2; 0 ys MODULE SETUP & 2, ;) NETWORK SETUP bl L
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EXIT
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HOME/MODULE SETUP/MASIMO VERSION WINDOW

Ptoduct ID / VERSION:
MCU_Version:
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Board_Mode:

Board Serial Number:
Board Available:

PROGRAMMING MODE >> LINE FREQUENCY : EXIT

HOME/MODULE SETUP/ MASIMO VERSION WINDOW & -Y s

e o] 35 45 S35ca b 2 o2 MODULE SETUP 6, 51 NIBP VERSION Gl L
wgei sdalive |, NIBP Jgile a5 bgs po il

HOME / MODULE SETUP WINDOW / NIBP VERSION WINDOW

NAME :
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EXIT

HOME/ SETUP/NIBP VERSION WINDOW Y#-Y &
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239500 3k 2 sie HOME WINDOW o 2, ;I "RECORDER" il L

HOME/RECORDER WINDOW
INTERNAL RECORDER : ON PERIODIC TRACE1 :ECG
TRACE 1 : ECG PERIODIC TRACEZ2 :OFF
TRACE 2 : SPO2 PERIODIC INTERVAL : OFF
TRACE 3 +RIFF MANUAL REC DELAY :10 SEC
RECORDER SWEEP : 25 mm/s ALARM RECORD >>
MANUAL RECORD TIME: 10 SEC EXIT

HOME/RECORDER WINDOW \Y-Y s

INTERNAL RECORDER =
DLl Lo ,8 e ozl T oyl 5l (62570555 ) 5 09 oo JUed pitmmsns (JB10 50,55, "ON™ Ol L
255 oo el J1le piecs oyl 5l 659,555 5 00 Jlad pé e (SIS 3,05, "OFF"

TRACEL =
S s plosl (s Sjgo 4 (625955, &5 (SR 40,955 (29> sl JUB oe JSB Sl sl
b o OFF 3 GAS. RESP. IBP2. IBP1 . SPO2. ECG o s B (slaslesl o4 so oolin

TRACE2 =
S oo plal (s O jso 4 (6725955, 45 (el 0,55, (2,5 s JUU zge KL LIl sl
2l oo OFF§ GAS. RESP. IBP2. IBP1 . SPO2. ECG s sws JB slaclll ogd oo ool




S1600 Ll az yiio ICTURIPRCIC VRS QW

sSlges pgo TRACE ol - wyu olsasl Jol TRACE - Lo Jgiloe 5l (S0 4 Sibe;

Dgd ol ladse

TRACE3 =

S o ploml (G D90 4 (65253,55, &5 (lip 03,55 ) (29,5 po JUI gge JS S (6

b o OFF g ECG Jgsle calizes slaad (o yiws b6 slasbsesl o so oolizul

20, s ECG (5410 ,0 ECG Cable Type clsl & Trace 3 ol obsl slo a5

OFF ] Jlaie g cudlo aslyss 999 Sbl a3 sl ECG CABLE TYPE =3 WIRE ;51 -
RIVIRV [P

ECG-111 . ECG-Il .ECG-l bl sl a5 b ECG CABLETYPE=5WIRE 5 -
sselss> OFF s ECG-aVL . ECG-avF . ECG-avR . ECG-V .

ECG- . ECG-Il . ECG-l bl sla a5 < 0k ECG CABLE TYPE = 10 WIRE 31 -
sV6.V5.V4.V3.V2.V1.ECG-aVL . ECG-avVF . ECG-avVR . ECG-V . IlI
g anlys OFF

50,65, Trace 3 ool ,o 89290 43S g 09d ool ,usd )5 bwy CABLE TYPE 45,50 0
CABLE TYPE = 3WIRE il s il sl CABLE TYPE b cosline e 5 ¥l
6l Solegil & ,pm ECG-Il lsie CABLE TYPE = 5 WIRE cil> 5 5 OFF juie

A asles a8 5 L o Trace 3

b o 0.5 MV Ll (15 ST aisl b 40,65, Trace aw a5 b= o

RECORDER SWEEP =
Al se 25MMm/s. 12.5mm/s . 6mm/s o yiws JB slacll

MANUAL RECORD TIME =
30sec. 20 sec. 10 seC 4 (o) "MANUAL" oy ws | B oL sl sl

(&)

Qb oo (4w )CONTINUOUS




S1600 Ll az yiio ICTURIPRCIC VRS QW

PERIODICTRACEL =
@55 (2 bl SSlegil Oygo a4 (650,95, &5 (Kl 0,55, (>9,5 Jgl JUS zee S5 Sl (sl
il o OFF ;GAS . RESP IBP2. IBPL SPO2. ECG _ s b5 (sla ol .05_a ool

PERIODICTRACE2 =
55 0 el SSlegil G0 0 (6525 50,95 5 &5 (K 0,55, (g5 pgo JUB zge JSb Sl (4l
Al ° OFF SGAS « RESP .IBP2. IBP1. SPO2. ECG O s FB sl ol Ol oo oalau!

PERIODIC INTERVAL =

355 oo )8 oolatnl 8,90 Slegsl (s (6,150 ,65, y Sboy alols Ol gl

el el Vel A cceln ¥ aceln Vocelo ) addo Ve 8o VO o iws JB slacll
Abb o0 OFF,

MANUAL REC DELAY =

st 4l Ve (59) an S ol ST e plgin 005 o palp 67:50,55, 50 3l sl coll (Tl L
298 oo ST UK 5l 653,55, B3 4l ) - 5l RECOrd oS 0,28 L s

el 5l 4l S L) Aol Ly 4l VO b 4l & o s b5 (glacli

ALARM RECORD =
Seilogil &g amy ol 3T oo VT 45 el caily y3s, ysl)l o sl,s ALARM RECORD 31

WSS 0 50,95, A Eg

Sgl anxl e 10,65, fad 4y yiinn Olbwsgs gl p




S1600 Ll az yiio ICTURIPRCIC VRS QW

* CARDIAC OUTPUT v-¥

S35 g0 3k 3 0,2 HOME WINDOW o 2, 51 "CARDIAC OUTPUT" sl |

HOME | CARGIAC GUTPUT MENU
5¢ Maoisy Baseline
CO
T BLOGD
INJECT Teny 0-+5
IHJECT Vol 1ol
CATHETER Type 13HFT
s
<< START>> EDIT=~ SETUP == EXNT

HOME/ CARDIAC OUTPUT MENU YA-Y Js.i
0 axzl e CLO S joiile Juad @ i Slmdgs cq

* DRUG_CALCULATOR A-¥
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HOME/DRUGITITRATION TABLE

AMOUNT : 400.00 mg VOLUME: 400.00 mi WEIGHT:80.00 kg DOSE UNIT: mg/min

DOSE INF RATE DOSE INF RATE DOSE INF RATE DOSE INF RATE
30.00 330.00 630.00 930.00
60.00 360.00 660.00 960.00
90.00 390.00 680,00 980,00
120.00 420.00 T20.00 1020.00
150.00 450.00 750.00 1050.00
180.00 480.00 T780.00 1080.00
210,00 510.00 810.00 1110.00
240.00 540.00 840.00 1140.00
270.00 570.00 870.00 170,00
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313.33 313.33 1:18:19

356.67 356.67 1:29:10

EXIT
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CLASSIFICATION

Protection against electroshock

Class|, Type CF for all modules (except Multi-gas, NIBP modules that
are BF) (based on IEC 60601-1).

Protection

Against Electro surgery and Defibrillator

Mode of operation

Continues operation equi pment

Harmful Liquid Proof Degree

IPX1

Method of disinfection

Refer to each module's chapters and chapter chapter Care & Cleaning for
detail.

Safety of anesthetic mixture

Not suitable for use in the presence of a flammable anaesthetic mixture
with air or with oxygen or nitrous oxide.

Generdl
Display
Novin S1600 TFT/LED 800x 600 | 10”
COLOR
Waveforms ECG, SPO2, IBP1, IBP2, RESPIGAS (Freezable), C.O.

Numeric Parameters

HR,PVCs,ST,SPO2, PR, NIBP (SYS, DIA, MAP),
IBP1(SYS,DIA,MAP), IBP2(SYS,DIA,MAP), RR, T1, T2, DT, EtCo2,
FiCo2, AWRR, EtN20, FiN20, Et0O2, FiO2, EtAA, FiAA,C.O, Alarm
Limits.

Operation Method

Membrane/K eys and rotary knob

AC Power

100 - 240 VAC, 50/60Hz , Ip: 0.9-0.4 A

ECG

Lead & Wire Options

Selectable: 3,5 or 12 Leads

Selectable: 3,5 or 10 Wires

3 ECG Leads I, I1, I 3 Lead wires ECG Cable
5 Leads ECG: |,11,111,V,aVR,avVF,aVvVL 5 Lead wires ECG Cable
12 LeadsECG: LI 1Il, avR,aVF,avL V1,V2,V3,V4V5V6 | 10 Lead wiresECG Cable
Dynamic Range +5mV
Lead Off Current <90 nA
Gain 4, 2,1, 1/2, 1/4, Auto
Calibration 1mV, 0.5 sec
Filters “MONITOR” 05-24Hz
“NORMAL” 0.5-40Hz
“EXTENDED” 0.05-100 Hz
CMRR > 98 dB
Internal Noise <30pV RTI
Input Impedance >5MQ
QRS Detection Duration 40 to 120 msec
Amplitude 0.25to5mv for Adult/Pediatric
0.2to5mV for Neonate
Heart Rate Range 15- 300 BPM for adult/Pediatric
15- 350 BPM for neonate
Accuracy +1% or 2 BPM
Tall T-Wave Reject up to 1.2 mV Amp.
Pacer Detection/Rejection Duration 0.1- 2 msec
Amp +2to+ 700 mV (Without over/undershoot)
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Reject from heart rate counter

Re-insert into ECG to display on screen

Ineffective pace rejection | HR:0, Pace: 60

HR:60, Pace:60

HR:30, Pace:80

Beside rejection of atrial paces preceed ventricular paces by 150 or 250 ms

Protection Defibrillator and Electrosurgery

ANALOG OUTPUT

Signals ECG

Maximum delay <30 ms

Output range 5V

Signal gain 1000 (1V/mV)

Gain accuracy +20 mV

Maximum off set +50 mvV

ECG bandwidth “MONITOR” 05-24Hz
“NORMAL” 05-40Hz
“EXTENDED” 0.05-100 Hz

Pacemaker pulses Amplitude: 5V (nominal)
Duration: 5ms

ECG range -5to5mVv

Output impedance 249 Q + 5%

Datarate 400 samples/sec

ARRHYTHMIA ANALYSIS

Type

ASYS, VFIB, VTAC, RUN, AIVR, COUPLET, BIGEMINY, TRIGEMINY,
TACHY, BRADY, AFIB, PAUS, FREQUENT PVCs

Learning Rapid Learning: only 20 seconds required for recognition of dominant
rhythm.

Method Real time arrhythmia detection with innovative feature.
Memory Capability of storing the latest 150 ARR event (waveform and Parameters)
ST ANALYSIS
Display resolution 0.01 mvV
Measurement Range -2mv to +2mv
Alarm Range -2mv to +2mv
Features User Adjustable Isoelectric and ST point trending of ST values
Update period 5 Sec.
NIBP
Measurement method Oscillometric
Measurement mode Manual/A utomatic/Stat
Measurement time 20-25 sec (excluding cuff inflation time)
Measurement Range Adult SYS 30 ~ 255 mmHg

DIA 15 ~ 220 mmHg

MAP 20 ~ 235 mmHg

Neonate SYS 30 ~ 135 mmHg
DIA 15~ 110 mmHg
MAP 20 ~ 125 mmHg
Pediatric SYS 30 ~ 240mmHg

B




DIA 15~ 220 mmHg
MAP 20 ~ 230 mmHg
Pressure Transducer accuracy +3 mmHg full range
Initial Inflation Target Adult : 150 mmHg
Pediatric:. ~ 140mmHg
Neonate: 85 mmHg
Memory 500 Records
SpO2 (Masimo Rainbow Set)
Spo2 Parameters Spo2,PI,PR
Method Spo2 2 Wavelengths of light used
Rainbow parameters SpOC
SpCO
SpMet
SpHb
PVI
Method Rainbow 7+Wavelengths of light used
Range SpO2 0-100 %
SpMet 0-99.9%
SpCO 0-99%
SpHb 0-25.0g/dL
SpOC 0-35.0 ml/dL
PR 25— 240 bpm
Pl 0-20.0%
PVI 0-100 %
Accuracy Oxygen Saturation
No motion conditions Adult/Pediatric +2% (SPO2 70 ~ 100%)
Neonate +3% (SPO2 70 ~ 100%)
Motion conditions Adult/Pediatric/Neonate +3% (SPO2 70 ~ 100%)
Low perfusion conditions | Adult/Pediatric/Neonate +2% (SPO2 70 ~ 100%)
Pulse Rate
No motion conditions Adult/Pediatric/Neonate +3bpm (PR 25 ~ 240)
Motion conditions Adult/Pediatric/Neonate +5bpm (PR 25 ~ 240)
Low perfusion conditions | Adult/Pediatric/Neonate +5bpm (PR 25 ~ 240)
Carboxyhemoglobin Saturation
Carboxyhemoglobin Adult/Pediatric +3% (1-40)
Saturation
Methemoglobin Saturation
Methemoglobin Saturation | Adult/Pediatric/Neonate +1% (1-15)
Total Hemoglobin
Total Hemoglobin Adult/Pediatric +1g/dL (8-17) g/dL
Resolution SpO2 1%
SpCO 1.0%
SpMet 0.1%
SpHb 0.1 g/dL
Pl 0.1%
PVI 1%
SpOC 0.1 ml/dL
PR 1BPM
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Please note that pul se-oximetry method (SPO2) is compared to laboratory spectroscopy of sample blood (Sa02). This
method measures precision of SPO2 measurement using statistical analysis. Therefore, measurement precision isreliable for
at least two third of measurements.

TEMPERATURE(2 Channel)

Probe Type Y S| 400 Compatible

Range 0-50°C

Accuracy +0.2°C

RESPIRATION

Method Impedance

Base Resistance 250 -1250 Ohm

Dynamic Range 0.2-20hm

Breath Rate Range 0- 253 BrPM

Accuracy +2% or 2 BrPM

IBP

Channel 2 Channel

Measurement Range SYS -50 ~ 300 mmHg
DIA -50 ~ 300 mmHg
MAP -50 ~ 300 mmHg

Pressure Filter 8Hz, 16Hz,22Hz selectable

Press Sensor Sensitivity 5uV/V/mmHg

Press Sensor |mpedance 300 ~ 2500 Ohm

Resolution 1 mmHg

Accuracy 2 % or 2mmHg (each one is greater) without transducer

IBP Auto Scale

Pump Page

Multi-gas, Mainstream (MASIMO SWEDEN AB)

IRMA CO2 COo2
IRMA AX+ CO2, N20, primary and secondary agents (HAL, 1SO, ENF, SEV, DES)
Gas/CO2 Interface Connector and S/W Interface Driver, Applicable for All Gas and CO2 Modules.
Description Extremely compact infrared mainstream multigas probe available in two
parameter configurations.
Cable length 25m+0.1m
Recovery time after defibrillator test Unaffected
Drift of measurement accuracy No drift
Surface temperature IRMA CO2 Max 39°C/ 102°F
(at ambient temp. 23°C) IRMA AX+ Max 46°C/ 115°F
Interface Modified RS-232 serial interface operating at 9600 bps.
Airway adapters Disposable adult/pediatric: - Adds less than 6 ml deadspace.
- Pressure drop less than 0.3 cm H20 @ 30
LPM.
Disposable infant: - Adds less than 1 ml deadspace.
- Pressure drop less than 1.3 cm H20 @ 10
LPM.
(Infant Airway Adapter recommended for Tracheal Tube ID size = 4 mm)
Degree of protection against harmful P44
ingress of water or particulate matter
Method of sterilization The IRMA system contains no sterile parts.
Mode of operation CONTINUOUS OPERATION
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Data output

Breath detection Adaptive threshold, minimum 1 vol% change in CO2 concentration.
Respiration rate’ 0-150 +1 bpm. The respiration rate is displayed after three breaths and the
average value is updated every breath.

Fi and ET*

Fi and ET are displayed after one breath and have a continually updatedbreath average.

The following methods are used to calculate end-tidal (ET) values:

-CO2: The highest concentration of CO2 during one breathing cycle with aweight function applied to favor values closer to
the end ofthe cycle.

-N20 and anesthetic agents. The momentary gas concentration at the time point where ETCO2 is detected.

ET-values for anaesthetic agents and N20 (IRMA AX+) will typically decrease below nomina value when respiration rate
exceeds 80 bpm. The maximum decrease is described by the formula ET = 80* ETnom/RR.

ETCO2 will be within specification for all respiration rates up to 150 bpm (IRMA AX+ and IRMA CO2)

Automatic agent identification | IRMA AX+: Primary and secondary agent.
Gas Analyzer
Probe 2-9 channel NDIR type gas analyzer measuring at
4-10 um. Pressure, temperature and full spectral interference correction.
Cadlibration Zeroing recommended when changing Airway adapter IRMA AX+)
No span calibration required for the IR bench.
Warm-up time IRMA CO2: < 10 seconds (concentrations reported and full accuracy)

IRMA AX+: < 20 seconds (concentrations reported, automatic agent
identification enabled and full accuracy)

Risetime® (@10 I/min) CO2 <90 ms
N20 <300 ms
HAL, 1SO, ENF, SEV, DES < 300ms

Primary agent threshold 0.15 vol%. When an agent is identified, concentrations will be reported
even below 0.15 vol% as long as apnea.is not detected.

Secondary agent threshold 0.2 vol% +10% of total agent concentration

Agent identification time <20 seconds. (Typically < 10 seconds)

Total system response time” < 1 second

Accuracy - standard conditions

The following accuracy specifications are valid for dry single gasesat 22 + 5 °C and 1013 * 40 hPa

Gas Range Accuracy

CO2 0to 15 vol% +(0.2 vol% +2% of reading)
N20 0to 100 vol% +(2 vol% +2% of reading)
HAL,ISO,ENF 0to 8 vol% +(0.15 vol% +5% of reading)
SEV 0to 10 vol% +(0.15 vol% +5% of reading)
DES 0to 22 vol% +(0.15 vol% +5% of reading)

Accuracy - al condition

The following accuracy specifications are valid for all specified environmental conditions except for
interference specified in the table “Interfering gas effects” and the section “Effects from water vapor
partial pressure on gas readings” below.

Gas Accuracy

CO2 +(0.3 kPa + 4% of reading)
N20 +(2 kPa + 5% of reading)
Agents’ +(0.2 kPa + 10% of reading)

Gas concentration conversion

Measured at I/E ratio 1:1 using breath simulator according to EN 1SO 80601-2-55 fig. 201.101.

Measured at I/E ratio 1:1 using breath simulator according to EN 1SO 80601-2-55 fig. 201.101.

Measured @ 10 I/min with gas concentration steps corresponding to 30% of total measuring range for each gas.
Measured according to EN 1SO 80601-2-55.

The accuracy specification for IRMA AX+ isnot valid if more than two agents are present in the gas mixture. If more than
two agents are present, an alarm will be set.

a » w N P

B




Gas concentration is reported in units of volume percent. The concentration is defined as:
_ (Partial pressure of gas component)

Yo gas *100

(Toral pressure of gas mixture)

Thetotal pressure of the gas mixtureis estimated by measuring the actual atmospheric pressurein
the IRMA probe.

Effects from water vapor partial pressure on gas readings

The effects of water vapor areillustrated by the examples in the following table. The two columnsto
the right show the relative error in displayed concentrations when adding or removing water vapor
from the gas mixture, and referencing the measurement to dry gas conditions at actual temperature
and pressure (ATPD) or saturated conditions at body temperature (BTPS).

Temp [C] RH [%] P [hPg] H20 part.pres. | errrel [%] errrel ATPD errrel [%]
[hPa] [%] BTPS

10 20 1013 2 0 -0.2 +6.0

20 20 1013 5 0 -0.5 +5.7

25 0 1013 0 (ATPD) 0 0 +6.2

25 23 1013 7.3 0 -0.7 +5.5

25 50 1013 16 0 -1.6 +4.6

30 80 1013 42 0 -4.1 +2.0

37 100 1013 63 (BTPS) 0 -6.2 0

37 100 700 63 0 -9.0 -2.8

The table illustrates that the gas concentrations in the alveoli, where the breathing gas is saturated with water vapor at body
temperature (BTPS), are 6.2% |ower than the corresponding concentrations in the same gas mixture after removal of all
water vapor (ATPD).

Interfering gas effects

Gas or vapour Gaslevel CO2 Agents N20
IRMA CO2 IRMA
AX+
N20-noted) 60 vol% - notel&2) - -notel) | - notel)
notel& 2)
HAL-noted) 4vol% - notel) - notel) -notel) | - notel)
ENF, 1SO, SEV-note4) 5vol% +8% of reading-note3) | - note 1) -notel) | - notel)
DES-note4) 15 vol% +12% of reading- - note 1) -notel) | - notel)
note3)
Xe (Xenon)-noted) 80 vol% -10% of reading-note3) -notel) | - notel)
He (Helium)-noted) 50 vol% -6% of reading-note3) -notel) | - notel)
Metered does inhaler propellants-noted) Not for use with metered dose inhaler propellants
C2H50H (Ethanal)-noted) 0.3 vol% - notel) - notel) -notel) | - notel)
C3H70H (Isopropanol)-note4) 0.5 vol% - notel) - notel) -notel) | - notel)
CH3COCHS3 (Acetone)-noted) 1vol% - notel) - notel) -notel) | - notel)
CH4 (Methane) -note4) 3 vol% - notel) - notel) -notel) | - notel)
CO (Carbon monoxide) -note5) 1vol% - notel) - notel) -notel) | - notel)
NO (Nitrogen monoxide)-note5) 0.02 vol% - notel) - notel) -notel) | - notel)
0O2-note 5) 100 vol% - notel&2) - -notel) | - notel)
notel& 2)

Note 1 : Negligible interference, effect included in the specification “ Accuracy all conditions” above.

Note 2 : For probes not measuring N20 and/or O2 the concentrations shall be set from host according to the instructions.
(IRMA CO2 measures neither N20, nor O2. IRMA AX+ dose not measure O2.)

Note 3 : Interference at indicated gas level. for example, 50 vol% Helium typically decreases the CO2 readings by 6%. This
means that if measuring on a mixture contaning 5.0 vol% CO2 and 50 vol% Helium, the measured CO2 concentration will
typically be (1-0.06) * 5.0 vol% = 4.7 vol% CO2.

Note 4 : According to the EN 1SO 80601-2-55:2011 standard.

Note 5 : In addition to the EN 1SO 80601-2-55:2011 standard.
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Multi-gas, Sidestream (MASIMO SWEDEN AB)

ISA CO2 CO2, CO2 waveform

ISA AX+ C02,02, N20, primary and secondary Agents (HAL, ISO, ENF, SEV, DES)

ISA OR+ C02,02, N20, primary and secondary Agents (HAL, ISO, ENF, SEV, DES)

Gas/CO2 Interface Connector and S/'W Interface Driver, Applicable for All Gas and CO2 Modules.

Description Compact, low-flow sidestream gas analyzers with integrated pump,
zeroing valve and flow controller.

Ambient CO2 < 800 ppm (0.08 vol%)

Recovery time after defibrillator test Unaffected

Water handling Nomoline Family sampling lines with proprietary water removal tubing.

Sampling flow rate 50 + 10 sml/min®

Degree of protection against harmful P44

ingress of water or particulate matter

Method of sterilization The ISA system contains no sterile parts.

Mode of operation CONTINUOUS OPERATION

Degree of protection against electric shock | Nomoline Family sampling lines are classified as DEFIBRILLATION-
PROOF TYPE BF APPLIED PART

Data output

Breath detection Adaptive threshold, minimum 1 vol% change in CO2concentration.

Respiration rate ' 010150 * 1 breaths/min (or BrPM)

Fi and ET®

Fi and ET are displayed after one breath and have a continually updated breath average.
The following methods are used to calculate end-tidal (ET) values:

-CO2: The highest concentration of CO2 during one breathing cycle with aweight function applied to favor
values closer to the end of the cycle.

-02: The highest/lowest concentration of O2during the expiratory phase (depending on whether ETO2 is higher or
lower than FiO2

-N20 and anesthetic agents. The momentary gas concentration at the time point where ETCO2 is detected.
ET will typically decrease below nominal value (ETnom ) when respiration rate (RR) exceeds the RR threshold (RRth)
according to the following formulas:

ISA CO2 ET=ETnomx(125RR)_for RRth >125

COo2

ISA OR+/AX+

co2 ET=ETnomx+ (/0 / RR) for RRth >70

N20, ©2, DES, ENF, 10, SEV ET=ETnomxv (50 / BR) for RRth >50

HAL ET=ETnomxv (35 / B2) for RRth >35

Automatic agent identification ISA OR+/AX+: primary and secondary agent.

Gas analyzer

Sensor head 210 9 channel NDIR type gas analyzer measuring at 4 to 10 um.
Data acquisition rate 10 kHz (sample rate 20 Hz / channel).
02 measurements by Servomex’s paramagnetic sensor.

Cadlibration No span calibration isrequired for the IR bench. An automatic zeroing is
performed 1 to 3 times per day.

Compensation ISA CO2 Automatic compensation for pressure and temperature.

Manual compensation for broadening effects on CO2.

ISA Automatic compensation for pressure, temperature and
OR+/AX+ broadening effects on CO2.

Warm-up time ISA CO2: <10 seconds (concentrations reported and full accuracy)
ISA +: <20 seconds (concentrations reported, automatic agent
OR+/AX identification enabled and full accuracy

Rise time’ co2 < 200 ms(< 300 ms for ISA

OR+/AX+)

6 Volumetric flow rate of air corrected to standardized conditions of temperature and pressure.

" Measured at I/E ratio 1:1 usi ng breath simulator according to EN 1SO 80601-2-55 fig. 201.101.

g Measured at I/E ratio 1:1 using breath simulator according to EN 1SO 80601-2-55 fig. 201.101.

Measured according to EN 1SO 80601-2-55.
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N20, O2, ENF, ISO, SEV, DES <400 ms

HAL <500 ms

Primary agent threshold (ISA OR+/AX+) 0.15 vol%. When an agent is identified, concentrations will be reported even
below 0.15 vol%

Secondary agent threshold (ISA 0.2 vol% +10% of total agent concentration

OR+/AX+)

Agent identification time (ISA OR+/AX+) | <20 seconds (typically <10 seconds)

Total system response time™® ISA CO2: < 3 seconds
ISA < 4 seconds (with 2m Nemoline Airway Adapter Set
OR+/AX+: sampling line)

Accuracy standard conditions

The following accuracy specifications are valid with no drift for dry single gasesat 22 + 5 °C and 1013 + 40 hPa:

Range™ Accuracy

co2 2;%52\5:%?% +(0.2 vol% +2% of reading)Unspecified

N20 0to 100 vol% +(2 vol% +2% of reading)

HAL, ENF, ISO Oto8val% +(0.15 vol%+5% of reading)Unspecified

' ' 8to 25 vol% T

SEV 0to 10 vol% +(0.15 vol% +5% of reading)Unspecified
10 to 25 vol%

DES 0to 22 vol% +(0.15 vol% +5% of reading)Unspecified
10 to 25 vol%

02 0to 100 vol% +(1 vol% +2% of reading)

Accuracy - all conditions

The following accuracy specifications are valid with no drift for all specified environmental conditions, except for
interference from water vapor in the below section “Effects from water vapor partial pressure on gas readings”.

GAS Accuracy

(6(07] +(0.3 kPa + 4% of reading)
N20 +(2 kPa + 5% of reading)
Agents” +(0.2 kPa + 10% of reading)
(0 +(2 kPa + 2% of reading)

Effects from water vapor partial pressure on gas readings

When the breathing gas flows through the sampling line, the gas temperature will adapt to the ambient temperature before
reaching the gas analyzer. The measurement of all gases will always show the actual partial pressure at the current humidity
level in the gas sample. Asthe NOMO section removes al condensed water, no water will reach the ISA gas analyzer.
However at an ambient temperature of 37 °C and a breathing gas with arelative humidity of 95% the gas reading will
typically be 6% lower than corresponding partial pressure after removal of all water.

Interfering gas and vapor effects

10 Measured according to EN 1SO 80601-2-55.

1 All gas concentrations are reported in units of volume percent and may be translated into mmHg or kPa by using the reported
atmospheric pressure.

2 The accuracy specification is not valid if more than two agents are present in the gas mixture. If more than two agents

are present, an alarm will be set.

B




Gas or vapour Gaslevel | CO2 Agents N20
ISA CO2 ISA
AX+/OR+

N20-noted) 60vol% | - note2) - notel) -notel) | - notel)
HAL-note4) 4vol% - notel) - notel) - notel) | - notel)
ENF, 1SO, SEV-note4) 5vol% +8% of reading-note3) - notel) - notel) | - notel)
DES-noted) 15vol% | +12% of reading-note 3) | - notel) -notel) | - notel)
Xe (Xenon)-note4) 80vol% | -10% of reading-note3) -notel) | - notel)
He (Helium)-noted) 50vol% | -6% of reading-note3) -notel) | - notel)
Metered does inhaler propellants-noted) Not for use with metered dose inhaler propellants

C2H50H (Ethanol)-noted) 0.3vol% | - notel) - notel) -notel) | - notel)
C3H70H (Isopropanol)-note4) 05vo0l% | - notel) - notel) - notel) | - notel)
CH3COCH3 (Acetone)-noted) 1vol% - notel) - notel) -notel) | - notel)
CH4 (Methane)-noted) 3 vol% - notel) - notel) - notel) | - notel)
CO (Carbon monoxide)-note5) 1vol% - notel) - notel) -notel) | - notel)
NO (Nitrogen monoxide)-noteb) 0.02vol% | - notel) - notel) - notel) | - notel)
02-noteb) 100vol% | - note ) - note2) -notel) | - notel)

Note 1 : Negligible interference, effect included in the specification * Accuracy all conditions” above.

Note 2 : Negligible interference with N20O/O2concentrations correctly set, effect included in the specification “ Accuracy all
conditions” above.

Note 3 : Interference at indicated gas level. For example, 50 vol% Helium typically decreases the CO2 readings by 6%. This
means that if measuring on a mixture contaning 5.0 vol% CO2and 50 vol% Helium, the actual measured CO2 concentration
will typically be (1-0.06) * 5.0 vol% = 4.7 vol% CO2.

Note 4 : According to the EN |SO 80601-2-55:2011 standard.

Note 5 : In addition to the EN 1SO 80601-2-55:2011 standard.

Cardiac Output

Method Right Heart Thermodilution
Range 0.5-18 |/min

Resolution 0.01l/min

Reproducibility +3%

Recorder

Model Internal Thermal Recorder SP58
Channel Up to 3 waveforms

Printing Speed 6,12.5,25 mm/sec

Paper Size 57mm by 59 foot roll

DRUG CALCULATE

To calculate the dose and time of medication

ALARM

Sources Error messages, All other parameter limits
Alarm On/Off Selectable for al parameters

Alert Blinking on Display, Volume Selectable Audio Alarms, Light indicator

B




TREND

Sources

HR,PVCs,ST,AFIB,SPO2, RR, T1, T2, IBP1(SYS,DIA,MAP),
IBP2(SY S,DIA,MAP), EtCo2,FiCo2,AWRR(sidestream, mainstream),
EtN20,FiN20,Et02,Fi02,EtAA FiIAA(I1SO, DES, ENF, HAL, SEV)

Trend Time Save

96 Hours

Trend Time Interval

15, 30, 45 Min, 1, 2 and 4 Hours

Resolution 1sec
INPUT/OUTPUT
Network TCP/IP Protocol Ethernet LAN with RJ45 Interface

VGA Connection

VGA output with same page

Internal Battery

Sealed Lead Acid, Rechargeable, 12V, 3.3 AH

Lithium Polymer: 11.1V,4.3AH
System Model Sealed Lead Acid Lithium Polymer
Chargetime Usage Chargetime Usage
(New & Full Charged) (New & Full harged)
Novin S1600 4 ~5hours Approximately 1:30 hours | 8 ~ 9 hours Approximately 4 hours

Basic monitoring configuration: Brightnessis automatically set by system,

NIBP measurement every 15 minutes

ECG/Resp,SpO2, TEMP measurementsin Use,

Physical Specification

Model

Dimension (Cm)

Weight (approximately

With Lithium with Sealed Lead
Polymer Battery Acid Battery
Novin S1600 26(W) x 21(H) x 18(D) 39Kg 48Kg
ENVIRONMENTAL
Temperature Operating: 5to040°C
Storage & Transport: -25t060°C

Humidity Operating: 20-90 % (Noncondensing)
Storage & Transport: 10-100 % (Noncondensing)
Altitude -200 to 3000 m

-4
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ECG s> pjlg 1Y+

oECG PATIENT CABLE 3 WIRES PART. #:10-003
oECG PATIENT CABLE 5 WIRES PART. #:10-038
eECG PATIENT CABLE 10 WIRES PART. #:10-066
eECG PATIENT CABLE - Neonate - FMT (E201-3000) PART. #:10-055
e ECG Lead Wire - Neonate PART. #:03-122

SpO2(MASIMO & RAINBOW) sil> pjlgd Y-+

e Adult Reusable Sensor, > 30 Kg, (LNCS DCI) PART .#:18-045
e SpO2 Disposable Sensor, <1 Kg, (LNCS NeoPt) PART .#:18-046
e SpO2 Disposable Sensor, <3 Kg or >40 Kg, (LNCS Neo) PART .#:18-047
e SpO2 Reusable Y- Sensor, > 1 Kg (LNCS) PART.#:18-049
e SpO2 Extension Cable, (Red LNC-10) PART .#:18-060
o SpO2 Reuseable Sensor,Finger/Toe, Adulat > 30 Kg, Red DCI-dc12 PART .#:18-055
o SpO2 Extension Cable PART .#:18-056
eRainbow R25 Sensor, Adult, Adhesive, >30Kg, (SpO2,SPCo,SPMet) PART .#:18-062
eRainbow Resposable R2-25a Sensor, Disposable, Adult, >30K g, (SpO2,SPHb,SPMet) PART .#:18-063
eRainbow Resposable R2-25r Sensor, Reusable, Adult, >30K g, (SpO2,SPHb,SPMet) PART .#:18-064

eRainbow Resposable R2-20a Sensor, Disposable, Pediatric, 10-50K G, (SpO2,SPHb,SPMet) PART.#:18-065
eRainbow Resposable R2-20r Sensor, Reusable, Pediatric, 10-50K G, (Sp0O2,SPHb,SPMet)  PART.#:18-066

eRainbow DC-3 SC 360, Reuseable, Adult, (SpO2,SpMet,SpHb) PART .#:18-068
eRainbow DCI, Reuseable, Adult, (SpO2,SpCO,SpMet) PART .#:18-069
oM-LNCS DCI, Reuseable, Adult, (SpO2) PART #:18-070
eRainbow R1-20L Pulse Co-Oximeter Sensor, Disposable, Pediatric, ( SPHb ,Sp02,SPMet) PART.#:18-072
e SpO2 Disposable Sensor, 3-20 Kg, (LNCS Inf) PART .#:18-075

e Ambient Shield Accessory for Rainbow Sensor PART .#:18-067
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TEMP s> p3lg Y-

e TEMP Probe, Skin, LAUNCH (98ME04GA634) PART .#:10-083
e TEMP Probe, Rectal, LAUNCH (98MEO4GA635) PART #:10-084

NIBP l> o3lg) F-Y

e NIBP Infant Cuff, Tuff-Cuff (TCS0813) PART .#:13-033
e NIBP Infant Cuff, Ultra Check (US0814) PART #:13-051
e NIBP Child Cuff, Tuff-Cuff (TCS1219) PART #:13-034
e NIBP Child Cuff, Ultra Check (US1320) PART #:13-052
e NIBP Small Adult Cuff, Tuff-Cuff (TCS1725) PART #:13-035
e NIBP Adult Cuff, Ultra Check (US2635HP) PART #:13-050
o NIBP Cuff Reusable — Neonate — Single M5301 Bladderless, Tube Length 20Cm PART .#:13-077
e NIBP Cuff Reusable — Infant — Single M5302 Bladderless, Tube Length 20Cm PART .#:13-078
e NIBP Cuff Reusable — Pediatric — Single M5303 Bladderless, Tube Length 20Cm PART .#:13-079
e NIBP Cuff Reusable — Adult — Single M5304 Bladderless, Tube Length 20Cm PART .#:13-080
e NIBP Cuff Reusable — Large Adult — Single M5305 Bladderless, Tube Length 20Cm PART .#:13-081
e NIBP Cuff Reusable — Thigh — Single M5306 Bladderless, Tube Length 20Cm PART .#:13-082

e NIBP Disposable Cuff, Neonate, 3-5.5cm, PRS (M5541-1#
o NIBP Disposable Cuff, Neonate, 4-8cm, PRS (M5541-2#)
e NIBP Disposable Cuff, Neonate, 6-11cm, PRS (M5541-3#)
e NIBP Disposable Cuff, Neonate, 7-13cm, PRS (M5541-4#)
e PU Helical Bourdon Tube

e PU Legthing Tube (Gray)

e PU Legthing Tube (Black)

e IBP Transducer , MEDEX - .MX860/866 Novatrans

e IBP Disposable Dome — MEDEX - MX860/866 Novatrans Dome
e |BP Extension Cable - MEDEX - MX860/866 Novatrans Extension
e IBP Transducer, MEDEX (MX960P1 L ogiCal)

e IBP Transducer, Dome, MEDEX (MX960XXP1)

e IBP Extension Cable - MEDEX - MX960 Logical Extension

e IBP Transducer Cable—- TRUWAVE

e IBP Transducer , Disposable — RX only —-PX260

e IBP Holder

e IBP Extension Cable, for MX960

o|BP Transducer kit, Disposable, iPex, Ref BKT-164ET
o|BP Cable, Ipex, P/N: BKT-164ET

o |BP Bracket for iPex Trancducer

o|BP Transducer Holder

ICP Accessory
oICP-TEMP-Cable (Ref:094328)
oNPS2 SpaceLabs for ICP (Ref:091715)
eNEUROVENT-P-TEMP for ICP (Ref:094268)

PART #:13-085
PART .#:13-086
PART .#:13-087
PART .#:13-088
PART. #:13-075
PART. #:13-073
PART. #:13-097

IBP _l> pjlef &Y

PART.#:16-00 1
PART #:16-031

PART. #:16-032
PART. #:16-002
PART. #:16-033
PART. #:16-034
PART .#: 16-037
PART #: 16-036
PART #:16-030

PART. #:16-050

PART #:16-046
PART #:16-053
PART #:16-047
PART #:16-030

PART #:P23007
PART #:P23008
PART #:P23009
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(Mainstream) GAS il> pjlgd #-Y+

e IRMA CO2 only probe(2++) PART. # 20-053
e IRMA AX+ probe PART. # 20-039
e IRMA Disposable Airway Adapter without O2 port PART. # 20-025
e IRMA Disposable Airway Adapter for infant PART. # 20-035
e IRMA Adapter Cable PART. # 20-027
e Probe Holder for IRMA sensor PART. # 20-043
e IRMA & BFA Extension to IRMA Connector PART. # 19-145

(Sidestream) GAS il> pjlgd V-Y+

e ISA CO2 only probe PART. # 20-046
e ISA AX+ probe PART. # 20-049
e ISA OR+ probe PART. # 20-052
e Nomoline with luer lock connector. 2 m. Box of 25 PART. # 20-045
e Clamp of ISA Module Holder PART. # 20-055

or

e VersaStream, CO2/Gas Airway Adapter Sampling Line, Adult / Pediatric (Ref. 4420827) PART. # 20-077

e VersaStream,CO2/Gas Airway Adapter Sampling Line, Infant (Ref. 4420828) PART. # 20-078
e VersaStream, CO2/Gas Sampling Line with Luer Lock Male (Ref. 4420829) PART. # 20-079
(it uses with Sidestream Airway Adapter-Adault/Pediatric, part number:4420531)

BFA _il> pjls) A—Y

e BFA Accessory Patient Cable, SAADAT PART. # 22- 028

C.O. s> pjlg 4-Y+

e SAADAT CO Cable PART. # 19-069
e Intro-Flex , Percutaneous sheath Introducer - EDWARDS Lifesciences PART. # 20-061
e Swan-Ganz CCO/VIP , Thermodilution Catheter , EDWARDS Lifesciences PART. # 20-062

rga.www d)‘f &'S “—Y‘
e AC Power Cable PART. #03-018
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ECG bs;&’SJ' -yv.

e Adults ECG Disposable Electrodes, FIAB Manufacturer REF: FO9060

e Pediatric ECG Disposable Electrodes, FIAB Manufacturer REF: FO060P

Or

e Arbo H124SG, COVIDIEN Manufacturer REF: 31.1245.21

EEG ég;.’iSJ' \w-vy.

e Neuroline 720, AMBU Manufacturer Part.#Neuroline720
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LIST OF MONITOR PARAMETERS (SELECTIONSAND DEFAULTYS)
Menu item selection Default
The parametersin ECG menu
ECG LEAD ILILI,aVR,aVF,avVL,V1, V2 V3,V4, V56 1
CABLE TYPE 3 Wires,5 Wires, 10 Wires 3 Wires
DISPLAY FORMAT Cascade, 2Traces, 4Traces, 7Traces, 12Traces Cascade
ECG GAIN x0.25,%0.5,x1,x2, x4, AUTO AUTO
ECG SWEEP 12.5,25,50mm/s 25
ECGFILTER MONITOR,NORMAL,EXTENDED NORMAL
HR AVERAGE 4,8,16SEC 8SEC
HR SOURCE ECG,Sp02,1BP1,1BP2, AUTO AUTO
BEAT VOLUME 1,2,3,4,5,6,7,0FF 1
PACE DETECT ON,OFF OFF
ECG CALIB ON,OFF OFF
ALARM LEVEL 1,2 1
HR ALARM ON,OFF OFF
HR HIGH ALARM HR LOW ALARM +5 to 250 150Bpm
HR LOW ALARM 30 to HR HIGH ALARM -5 50Bpm
The parametersin RESP menu
RESP LEAD. RA-LARA-LL RA-LA
RESP GAIN x0.25,x0.5,x1,x2 x4 x1
RESP SWEEP 3,6,12.5,25mm/s 6mm/s
ALARM LEVEL 1,2 1
RR ALARM ON ,OFF OFF
RR HIGH ALARM RR LOW ALARM +1 to 150 25Brpm
RR LOW ALARM 510 RR HIGH ALARM -1 5Brpm
APNEA LIMIT 10 to 40S, OFF 10S
Menu item selection Default
The parametersin SpO2 menu
AVERAGE TIME 2-4,4-6,8,10,12,14,16 8
SpO2 PLETH SWEEP 12.5,25mm/s 25mm/s
ALARM LEVEL 1,2 1
SpO2 ALARM ON,OFF OFF
SpO2HIGH ALARM Sp0O2 LOW ALARM +1 to 100 (with step 1) 100
SpO2 LOW ALARM 1to SpO2 HIGH ALARM -1  (with step 1) 90
SpO2 SENSITVITY MODE | NORMAL , MAX , APOD NORMAL
Pl HIGH ALARM Pl LOW ALARM +0.1t0 19.0 (with step 0.1) 19.0
Pl LOW ALARM 0.0 to PI HIGH ALARM -0.1 (with step 0.1) 0.0
PVI HIGH ALARM PVI LOW ALARM +1 to 99 (with step 1) 99
PVI LOW ALARM 1 to PVI HIGH ALARM -1 (with step 1) 1
SpOC HIGH ALARM SpOC LOW ALARM +1to 34.0 (with step 1) 34.0
SpOC LOW ALARM 1.0 to SpOC HIGH ALARM -1 (with step 1) 1.0
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SpCO HIGH ALARM SpCO LOW ALARM +1t099.0  (with step 1) 10.0
SpCO LOW ALARM 1.0 to SpCO HIGH ALARM -1 (with step 1) 1.0
SpMet HHGH ALARM SpMet LOW ALARM +0.5 t0 99.5 (with step 0.5) 3.0
SpMet LOW ALARM 0.5 to SpMet HIGH ALARM -0.5  (with step 0.5) 0.5
SpHb HIGH ALARM SpHb LOW ALARM +0.1 to 24.5 (with step 0.1) 17.0
SpHb LOW ALARM 0.5 to SpHb HIGH ALARM -0.1 (with step 0.1) 7.0
Menu item selection Default
The parametersin NIBP menu
NIBP UNIT mmHg , KPa mmHg
ALARM LEVEL 1,2 1
NIBP ALARM ON,OFF OFF

SYSHIGH ALARM

Adult: SYS LOW ALARM +5 to 255
Neonate: SYS LOW ALARM +5 to 135
Pediatric: SYS LOW ALARM +5 to 240
(with step 5)

Adult: 160mmHg
Neonate: 90mmHg
Pediatric: 120mmHg

SYSLOW ALARM

Adult: 30 to SYS HIGH ALARM -5
Neonate: 30to SYS HIGH ALARM -5
Pediatric: 30 to SYS HIGH ALARM -5
(with step 5)

Adult: 90mmHg
Neonate: 40mmHg
Pediatric: 70mmHg

DIA HIGH ALARM

Adult: DIA LOW ALARM +5 to 220
Neonate: DIA LOW ALARM +51to0 110
Pediatric: DIA LOW ALARM +5 to 220
(with step 5)

Adult: 90mmHg
Neonate: 60mmHg
Pediatric: 70mmHg

DIA LOW ALARM

Adult: 15 to DIA HIGH ALARM -5
Neonate: 15 to DIA HIGH ALARM -5
Pediatric: 15 to DIA HIGH ALARM -5
(with step 5)

Adult:  50mmHg
Neonate: 20mmHg
Pediatric: 40mmHg

MAP HIGH ALARM

Adult: MAP LOW ALARM +5 to 235
Neonate: MAP LOW ALARM +5 to 125
Pediatric: MAP LOW ALARM +5 to 230
(with step 5)

Adult: 110mmHg
Neonate: 70mmHg
Pediatric: 90mmHg

Adult: 20 to MAP HIGH ALARM -5
Neonate: 20 to MAP HIGH ALARM -5

Adult: 60mmHg

MAPLOW ALARM Pediatric: 20 to MAP HIGH ALARM -5 Neonate: 25mmHg
- Pediatric: 50mmHg
(with step 5)
Imin, 2min, 3min,5min,10min,15min,20min,
AUTO/MANUAL 30min,45min, 60min, 90min, MANUAL
2hr,4hr, 8hr, 12hr, 16hr, 20hr, 24hr, MANUAL, STAT
Menu item selection Default
The parametersin TEMP menu
TEMPUNIT °C,°F °C
ALARM LEVEL 1,2 1
TEMP ALARM ON ,OFF OFF
T1HIGH ALARM T1LOW ALARM +1to 50 39
T1LOW ALARM 0to T1 HIGH ALARM -1 35
T2HIGH ALARM T2 LOW ALARM +1to 50 40
T2LOW ALARM 0to T2 HIGH ALARM -1 36
DT HIGH ALARM DT LOW ALARM +1 to 50 5
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DT LOW ALARM 0to DT HIGH ALARM -1 1.0

Menu item selection Default

The parametersin IBP menu

IBP UNIT mmHg , KPa,cmH20 mmHg
IBP LABEL IBP, ART, PAP, CVP, LAP, RAP, LVP, RVP,ICP IBP
IBP SWEEP 3,6,12.5,25 mm/s 12.5 mm/s
IBP GRID ON, OFF OFF
IBPFILTER 8, 16, 22 Hz 16 Hz
ALWAYSAUTO SCALE ON,OFF OFF
IBP ALARM ON,OFF OFF
ART CATH.
DISCONNECT ALM ON, OFF OFF
ALARM LEVEL 1,2 1

SYS: 150 mmHg

IBPHIGH ALARM IBP LOW ALARM +5 to 300 DIA: 100 mmHg
MEAN: 115 mmHg
SYS: 80 mmHg

IBPLOW ALARM -50to IBP HIGH ALARM -5 DIA: 50 mmHg

MEAN: 60 mmHg

ART HIGH ALARM

ART LOW ALARM +5 to 300

SYS: 150 mmHg
DIA: 100 mmHg
MEAN: 115 mmHg

ART LOW ALARM

-50to ART HIGH ALARM -5

SYS: 80 mmHg
DIA: 50 mmHg
MEAN: 60 mmHg

LVPHIGH ALARM

LVP LOW ALARM +5 to 300

SYS: 150 mmHg
DIA: 20 mmHg
MEAN: 80 mmHg

LVPLOW ALARM

-50 to LVP HIGH ALARM -5

SYS: 80 mmHg
DIA: -5 mmHg
MEAN: 20 mmHg

PAP HIGH ALARM

PAP LOW ALARM +1 to 120

SYS: 40 mmHg
DIA: 20 mmHg
MEAN: 30 mmHg

SYS: 5 mmHg
PAPLOW ALARM -50 to PAP HIGH ALARM -1 DIA: -5 mmHg

MEAN: 0 mmHg

SYS: 40 mmHg
RVPHIGH ALARM RVP LOW ALARM +1 to 100 DIA: 15 mmHg

MEAN: 30 mmHg

SYS: 5bmmHg
RVPLOW ALARM -50 to RVP HIGH ALARM -1 DIA: -5 mmHg

MEAN: 0 mmHg
CVPHIGH ALARM CVP LOW ALARM +1 to 100 15 mmHg

CVPLOW ALARM

-50 to CVP HIGH ALARM -1

-5 mmHg
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LAPHIGH ALARM LAP LOW ALARM +1 to 100 20 mmHg
LAPLOW ALARM -50 to LAP HIGH ALARM -1 -5 mmHg
RAPHIGH ALARM RAP LOW ALARM +1 to 100 15 mmHg
-5 mmHg
RAP LOW ALARM -50 to RAP HIGH ALARM -1
Menu item selection Default

ICPHIGH ALARM

ICP LOW ALARM +1 to 100

Adult; 10mmHg
Neonate: 4mmHg
Pediatric: 4mmHg

ICPLOW ALARM -40 to ICP HIGH ALARM -1 0 mmHg
IBP SCALE
HIGH LOW +10 TO 300 (with step 10) 200
IBP LOW -50 TO HIGH-10 -20
SIGN (HIGH+LOW )/2 90
HIGH LOW +10 TO 300 (with step 10) 200
ART LOW -50 TO HIGH-10 40
SIGN (HIGH+LOW )/2 120
HIGH LOW +5 TO 300 (with step 5) 80
PAP LOW -50 TO HIGH-5 -10
SIGN (HIGH+LOW )/2 35
HIGH LOW +5 TO 300 (with step 5) 30
CVP LOW -50 TO HIGH-5 -10
SIGN (HIGH+LOW )/2 10
HIGH LOW +5 TO 300 (with step 5) 40
LAP LOW -50 TO HIGH-5 -10
SIGN (HIGH+LOW )/2 15
HIGH LOW +5 TO 300 (with step 5) 30
RAP LOW -50 TO HIGH-5 -10
SIGN (HIGH+LOW )/2 10
HIGH LOW +10 TO 300 (with step 10) 200
LVP LOW -50 TO HIGH-10 -20
SIGN (HIGH+LOW )/2 90
HIGH LOW +5 TO 300 (with step 5) 80
RVP LOW -50 TO HIGH-5 -10
SIGN (HIGH+LOW )/2 35
HIGH LOW +5 TO 100 (with step 5) 40
ICP LOW -40 TO HIGH-5 -10
SIGN (HIGH+LOW )/2 15
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Menu item

selection

Default

The parametersin ARR menu

ARR MONITOR ON, OFF OFF
ASYSTOLE |1 1
VFIB 1 1
VTAC 1 1
RUN 1,2, OFF 1
AIVR 1,2, OFF 2
COUPLET 1,2, OFF 2
ALARM BIGEMINY | 1,2, OFF 2
LEVEL TRIGEMINY | 1,2, OFF 2
TACHY 1,2, OFF 2
BRADY 1,2, OFF 2
AFIB 1,2, OFF 1
PAUS 1,2, OFF 2
FREQUENT
PVC? 1,2, OFF OFF
VTAC 100 to 200 (with step 10) >=120
RUN VTAC e >=120
RATE AIVR <VTAC o1 >=119
TACHY 100 to 200 (with step 10) >=120
BRADY 30 to 105 (with step 5) <=50
VTAC 5 to 12 (with step 1) >=5
RUN 3to VTACCOUHt-l (with step 1) >=3
COUNT AIVR - >=3
E\R/E?UENT 1to 15 (with step 5) >=10
ASYSTOLE | STR, STR/REC, OFF, REC STR
VFIB STR, STR/REC, OFF, REC STR
VTAC STR, STR/REC, OFF, REC STR
RUN STR, STR/REC, OFF, REC STR
AIVR STR, STR/REC, OFF, REC STR
COUPLET STR, STR/REC, OFF, REC STR
BIGEMINY | STR, STR/REC, OFF, REC STR
ARCHIVE |_TRIGEMINY | STR, STR/REC, OFF, REC STR
TACHY STR, STR/REC, OFF, REC OFF
BRADY STR, STR/REC, OFF, REC OFF
AFIB STR, STR/REC, OFF, REC STR
PAUS STR, STR/REC, OFF, REC OFF
FREQUENT |
PVCs
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M enu item | Selection Default
The parametersin ST menu
ST ANALYSIS ON, OFF OFF
ST ALARM ON, OFF OFF
ALARM LEVEL 1,2 1
ST LOW ALARM -2 to ST HIGH ALARM -0.1 -0.2
ST HIGH ALARM ST LOW ALARM +0.1t0 2 0.2
EVENT DURATION 158, 308, 45S, 60S, OFF OFF
Menu item selection Default
The Parametersin GAS WINDOW (M ainstream & Sidestream)
CO2 UNIT KPa ,%V ,mmHg mmHg
SIGNAL SWEEP 3mm/s, 6mm/s, 12.5mm/s, 25mm/s 12.5mm/s
CO2 6%,10%,Auto scale 10%
SIGNAL SCALE 02/N20 | 0-50%,0-100%, Auto scale 100%
AA 1,2,3,5,10,20%, Auto scale 20%
WAVEFORM CO2, N20, AA coz
(Mainstream)
WAVEFORM
(Sidestr eam) C02, 02, N20, AA C02
02 COMPENSATE 1-100 vol%, OFF 21% , AUTO
N20 COMPENSATE 0-100 vol% ( ONLY FOR ISA CO2, IRMA2 CO2) | 0%
GASUNIT KPa , %V %V
HAL
AGENT ISO,ENF,HAL,DES,SEV AUTO  (For RMA(AXY) &
ISA(OR+) & ISA(AX+))
WORK MODE MEASURE, STANDBY MEASURE
GAS/RESP GAS, RESP GAS
FIIL SIGNAL ON,OFF OFF
CO2 ALARM ON,OFF OFF
N20 ALARM ON,OFF OFF
AA ALARM ON,OFF OFF
02 ALARM ON,OFF OFF
ALARM LEVEL 1,2 2
APNEA ALARM 20s,25s,30s,35s,40s,45s,50s, 555,60, OFF 20s
ADULT/PED | NEONATE
AWRR LOW 1~(HIGH-1) 5 BrPM 15 BrPM
AWRR HIGH (LOW+1) ~120 30 BrPM 60 BrPM
EtCo2 LOW 0.4~(HIGH-0.1) (%V) 2.6%V
EtCo2 HIGH (LOW+0.1)~13(%V) 6.5%V
FiCo2 HIGH 0.4~ 13(%V) 1.3%V
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EtO2,FiO2 LOW

18~(HIGH-1) (%V)

50%

(sidestream)
EtO2,FiO2 HIGH N 0 0
(sidestream) (LOW+1)~105(%V) 100%
EtN20 ,FiN20 LOW 1~(HIGH-1) (%V) 35%
EtN20 HIGH (LOW+1)~100(%V) 75%
FiN20 HIGH (LOW+1)~82(%V) 75%
EtDES ,FIiDESLOW 0.1~(HIGH-0.1) (%V) 5%
EtDES ,FIDESHIGH (LOW+0.1)~18(%V) 10%
EtISO ,FilSO LOW 0.1~(HIGH-0.1) (%V) 0.8%
EtI SO ,FilSO HIGH (LOW+0.1)~5(%V) 2%
EtENF ,FIENF LOW 0.1~(HIGH-0.1) (%V) 0.5%
EtENF ,FIENF HIGH (LOW+0.1)~5(%V) 1.5%
EtSEV ,FiSEV LOW 0.1~(HIGH-0.1) (%V) 1%
EtSEV ,FiSEV HIGH (LOW+0.1)~8(%V) 3%
EtHAL ,FIHAL LOW 0.1~(HIGH-0.1) (%V) 0.5%
EtHAL ,FIHAL HIGH (LOW+0.1)~5(%V) 1.5%
ZERO Only for Mainstream
Menu item selection Default
The Parametersin BFA WINDOW
EEG Gain 25uV,50-250uV 100uV
BFA ALARM ON,OFF OFF
BFI LOW 1~(HIGH-1) 35%
BFI HIGH (LOW+1)~100 60%
The Parametersin Cardiac Output WINDOW
Catheter Type 131HF7,139HF75P,Simulator 131HF7
Temp_Scale 1,24 1
SYSTEM DEFUALT
ALARM VOLUME 1,2,3,4,5,6,7 1
CALENDAR SOLAR, CHRISTIAN CHRISTIAN
PATIENT CAT. ADUL,NEONATE,PEDIATRIC ADULT
BED NUMBER 1..150 01
TOUCH SOUND 1, 2,3, OFF 1
1to08 18.5” Monitor: 7
12” Monitor: 5
BACK LIGHT -
1t06 10” Monitor: 3
15” Monitor: 2
BED TO BED DURATION :1,2,3,4,5 1 Min
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M odule Color

ECG COLOR

Green

GREEN

IBP1 COLOR

White, Blue, Brown, Green, Red, Yellow,
Cyan, Orange, Cream, Magenta, Light Brown,
Light Green, Light Yellow, Light Red, Light
Blue, Light Cyan, Light Orange, Light
Magenta, Dark Orange, Dark Cyan

LIGHT RED

IBP2 COLOR

White, Blue, Brown, Green, Red, Yellow,
Cyan, Orange, Cream, Magenta, Light Brown,
Light Green, Light Yellow, Light Red, Light
Blue, Light Cyan, Light Orange, Light
Magenta, Dark Orange, Dark Cyan

LIGHT BLUE

IBP3COLOR

White, Blue, Brown, Green, Red, Yellow,
Cyan, Orange, Cream, Magenta, Light Brown,
Light Green, Light Yellow, Light Red, Light
Blue, Light Cyan, Light Orange, Light
Magenta, Dark Orange, Dark Cyan

DARK ORANGE

IBP4COLOR

White, Blue, Brown, Green, Red, Yellow,
Cyan, Orange, Cream, Magenta, Light Brown,
Light Green, Light Yellow, Light Red, Light
Blue, Light Cyan, Light Orange, Light
Magenta, Dark Orange, Dark Cyan

DARK CYAN

SpO2 COLOR

White, Blue, Brown, Green, Red, Yellow,
Cyan, Orange, Cream, Magenta, Light Brown,
Light Green, Light Yellow, Light Red, Light
Blue, Light Cyan, Light Orange, Light
Magenta, Dark Orange, Dark Cyan

MAGENTA

CO2COLOR

White, Blue, Brown, Green, Red, Yellow,
Cyan, Orange, Cream, Magenta, Light Brown,
Light Green, Light Yellow, Light Red, Light
Blue, Light Cyan, Light Orange, Light
Magenta, Dark Orange, Dark Cyan

YELLOW

RESP COLOR

White, Blue, Brown, Green, Red, Yellow,
Cyan, Orange, Cream, Magenta, Light Brown,
Light Green, Light Yellow, Light Red, Light
Blue, Light Cyan, Light Orange, Light
Magenta, Dark Orange, Dark Cyan

YELLOW

NIBP COLOR

White, Blue, Brown, Green, Red, Yellow,
Cyan, Orange, Cream, Magenta, Light Brown,
Light Green, Light Yellow, Light Red, Light

WHITE
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Blue, Light Cyan, Light Orange, Light
Magenta, Dark Orange, Dark Cyan

White, Blue, Brown, Green, Red, Yellow,
Cyan, Orange, Cream, Magenta, Light Brown,
TEMP COLOR Light Green, Light Yellow, Light Red, Light | CYAN
Blue, Light Cyan, Light Orange, Light
Magenta, Dark Orange, Dark Cyan
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APPENDIX [11
MASIMO MODULE

Signal Extraction Technology
INTRODUCTION

Masimo SET® pulse oximetry is a new and fundamentally distinct method of acquiring,
processing and reporting arterial oxygen saturation and pulse rate. As illustrated below, Masimo
SET technology enables the power of adaptive filters to be applied to real-time physiologic
monitoring by utilizing proprietary techniques to accurately establish a “noise reference” in the
detected physiologic signal, thus enabling the direct calculation of arterial oxygen saturation and
pulse rate. Because it is not bound by a conventional “red over infrared” ratio approach, the
Masimo SET system substantially eliminates the problems of motion artifact, low peripheral
perfusion and most low signal-to-noise situations. This greatly extends the utility of SpO2 in
high motion, low signal and noise intensive environments.

Discrete Saturation Transformation (DST®) Algorithm

3

IR ANC
AR B Adaptive hakddbnndnl 5 output
WXE%!% ﬁﬁﬁ—’ 1 Filter il *WL’\F\G i'?ﬂ mser
Reference P
Signal
RD A Generator Rggﬁ:re
W\"ﬁ!ﬂfﬁ%{m_’
A
Trial Saturation
Sp0, = 95%
(range 1-100%)
@
3
o

8

80 40 50 G6C 70 80 90 9510
{r.) Sp0O, (r,)

Masimo SET's most powerful algorithm is DST. All algorithms depend upon assumptions. The
more assumptions, the weaker the algorithm. DST makes only one assumption - that arterial
blood has a higher oxygenation than venous — making it the most powerful pulse oximetry
algorithm.
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CONVENTIONAL FILTERS

While pulse oximetry is readily accepted as a standard of care in the Operating Room, Recovery
Room and most Intensive Care Units, its performance in high motion environments or in patients
with low perfusion is substantially less than ideal. The reported high incidence of false alarms
due to motion artifact and the inability of conventional pulse oximetry systems to provide
information during times of crisis have led to its characterization as a “fair weather friend.”
Confronted with the problem of motion artifact, false alarms and poor “signal to noise"”
environments, medical equipment manufacturers have utilized band-pass filtering in an attempt
to address these confounding clinical problems. Band-pass filters, whether in analog or digital
form, are designed to allow only a physiologic window of interest to pass while rejecting
frequencies outside the desired frequency band. With the advent of Digital Signal Processing
(Digital Filtering), the performance of band-pass filtering was improved, but was still unable to
address the problem of noise occurring within the bandwidth of interest.

Band-Pass Filtering

In-Band Noise

" Ambient Light

‘Electro Lines . -~

Amplitude

Y- e, 4

S :
(<
0.5Hz 5Hz 60Hz 120Hz

Frequency

ADAPTIVE FILTERS

To address the confounding issue of "in-band" noise, a class of filters known as adaptive digital
filters has evolved. These filters take advantage of the fact that the construction of the filter itself
is contained within the memory of the microprocessor, allowing its multiplication coefficients,
symbolized as WO, W1,..Wn-1, to be changed in real time, hence altering the filter's
characteristic. Thus, the filter can be tuned “on the fly.” The multiplication coefficients
determine whether the frequency components of an input signal should be cancelled (e.g.,
multiplied by zero) or allowed to pass (e.g., multiplied by one). Given that the filter's coefficients
can be rapidly changed, adaptive filters derive their name in their ability to change their filtering
characteristics in response to changing in-band noise.

The detected physiologic signal is generally composed of both desired signal (S) and undesired
signal (N) or noise portions. To remove the effects of the undesired signal, some knowledge of
the noise characteristics, or equivalently its noise reference (N’), must be known. The adaptive
filter will adjust its filtering characteristics, so that the noise reference input is transformed into
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an estimate of the undesired signal portion (N~ ) of the physiologic signal. A subtracter
subsequently removes the undesired signal from the physiologic signal to yield an estimate of the
desired signal portion (S ). The combination comprising the adaptive filter and the subtracter is
commonly called an adaptive noise canceller (ANC).

ADAPTIVE |
ALGOHITEM

Adaptive Noise Canceller (ANC) block diagram

This approach has been widely used in the telecommunications and aerospace industries where a
suitable noise reference is accessible. Probes are utilized to obtain a noise reference that can then
be used in conjunction with an adaptive noise canceller to extract a desired signal portion from a
composite signal containing both desired and undesired signal portions. The problem in applying
this technique to physiological monitoring is that a noise reference is rarely available. In
addition, both the noise and the desired signal vary from patient to patient and are quickly and
continually changing in terms of frequency, amplitude and phase, even within the same patient.
In pulse oximetry, the noise reference signal required to make an adaptive noise canceller work
in real time was unavailable until the advent of Masimo Signal Extraction Technology.

CONVENTIONAL PULSE OXIMETRY

The conventional "red over infrared” approach measures the differential optical density of red (o)
and infrared (lir) light as projected through a vascular bed and calculates a ratio (r) of the optical
densities. Utilizing the optical density ratio, an arterial oxygen saturation (SpO2) value is
empirically reported based on the ratio obtained.

660nm  940nm
rd ir

Emitters ¥ ¥

Arterial Supply Vascular
Bed

Photo-Detector Caplillaries

Irq g Iir ==
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Basis For Measurement:

[rd s Srd + Nrd
Ii1' Sir * Ni:'

= Ratio (r)> % SpO>

In the presence of patient motion, the optical densities of red and infrared light contain noise
portions (Nrd, Nir), thereby falsely altering the optical density ratio and providing an inaccurate
saturation value. During periods of routine patient motion or low perfusion, the noise
components within the physiologic signals can be much larger than the desired signals (Srd, Sir).
In these cases, the optical density ratio is primarily determined by the noise contributions. This
represents a situation whereby the noise is simply “drowning out” the desired signal.

In a large noise environment, conventional wisdom holds that pulse oximetry will yield an
optical density ratio substantially equivalent to "noise over noise" or a ratio of one. This is
equivalent to a saturation value of approximately 82% in most conventional systems.

If: N>> 8,
Then: trd _Ned _ 4o goo, SpQO,
Iir Nir

Confronted with the problems of overwhelming noise and prevented from utilizing adaptive
digital filters, pulse oximetry manufacturers have resorted to “managing” false alarms. This can
include extending averaging times or employing a decision matrix to freeze when it decides it
has detected motion. If the motion persists, it reports zero.

Il‘tl
—_— HE — Report New Value
r =]
@—b Decision |y rroeze & Report Old Value

Lir A Matrix — Report Zero

The attempt to treat the "symptom” rather than the “core problem” does not provide clinicians
with continuous real-time information and can be unreliable in critical medical situations.
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MASIMO SET® PULSE OXIMETRY

Masimo Signal Extraction Technology rejects the conventional wisdom and begins with an
understanding that during patient motion the venous blood, being at a relatively low pressure, is
quite susceptible to the local effects of perturbation during motion. Considering the finger for
example, the venous blood in the vascular bed will be easily deformed during motion,
representing a significant source of in-band noise within the frequency bandwidth of interest. In
addition, the venous blood is a strong absorber of light. Hence, it can represent a significant
contributor to the total optical density during motion episodes. Furthermore, the venous blood
saturation is normally lower than the arterial blood saturation. This explains why saturation
values tend to drop in conventional pulse oximeter systems during episodes of patient motion.

During routine patient motions (shivering, waving, tapping, etc.), the resulting noise can be quite
substantial and can easily overwhelm a conventional ratio based oximetry system. Having
identified the venous blood as a significant contributor to noise during motion, it follows that if
the noise reference corresponding to the venous component could be measured, then an adaptive
noise canceller might be utilized to cancel its contribution.

Bed

Detector Capillaires
I & Tic

GENERATING A NOISE REFERENCE

Yenous Ne

Arterial Supply > 80 mmHg } V&SCU'HF

The detected physiologic signals in response to both red (Ird) and infrared (lir) light consist of
desired signal portions (Srd, Sir) as well as undesired signal portions (Nrd, Nir). It is commonly
understood in pulse oximetry that the desired signal portions are proportional to one another
through the arterial optical density ratio (ra). This suggests that one should simply subtract the
product of the arterial optical density ratio and the physiologic signal due to infrared light from
the physiologic signal due to red light. The resultant is a reference signal that contains only noise
portions. This is the noise reference signal (N”)

Physiological Signal (8 + N)

\fenous N :
Noise (N') > Adaptwe R =%
Noise A
Reference (s)
Arteria!
Signal
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If the arterial optical density ratio is known, one can easily calculate the noise reference as just
described. However, if it were known, one could simply calculate the arterial oxygen saturation
directly. One would not need to utilize the adaptive noise cancellation process. How does one
then use the power of adaptive filters and noise reference signals for pulse oximetry? The answer
lies in the Discrete Saturation Transform® algorithm.

DISCRETE SATURATION TRANSFORM®

The Discrete Saturation Transform algorithm allows one to separate and, consequently, calculate
the optical density ratios that correspond to both the arterial oxygen saturation (ra) and an
estimate of the venous oxygen saturation (rv).

These optical densities are not known beforehand but are required to obtain the appropriate
reference signals for adaptive noise cancellation. Every optical density ratio, corresponding to
the patient’s physiological range (SpO2 = 1% to 100%) must be considered. Therefore, the
DST® algorithm not only uses a noise reference signal, but a whole family of reference signals.
Each reference signal is used in the adaptive noise cancellation process and each vyields
information regarding the oxygen saturation content of the physiological signals.

If: Then:
@ Iu=Sw+Nuw La-i *Tal=[Sia+Nua 1- [Sir Ta+ Nip T ]
@ Iir = Sir + Nir Substituting S, r, for Spq, we get:

@ ry= ;2,!_5} = [ Sir rut Ned I+ Sir rat Nip 1 |
Sir = Nrd = Nir I'n
Sri=ry*8i; = N’ (Noise Reference)

A family of reference signals, N'(r), is generated similar to that of a noise reference signal. The
reference signal, as discussed earlier, is the difference between the physiologic signal due to red
light (Ird) and the product of an arbitrary optical density ratio (r) and the physiologic signal due
to infrared light (Ird). Although there is a family of reference signals, based on the selected
optical density ratio, there are only three distinct cases to consider. If one selects an optical
density ratio that does not correspond to either arterial or venous oxygen saturation (Case 1), the
reference signal consists of a desired signal portion and an undesired signal portion. In the
adaptive noise cancellation process, such a signal will not only remove the undesired signal
portions of the physiologic signal, but also remove the desired signal portions. When an optical
density ratio that corresponds to the venous oxygen saturation is selected (Case Il), the reference
signal only contains signal portions. Therefore, the output of the adaptive noise canceller will
consist of the undesired signal portions only. Similarly, when an optical density ratio that
corresponds to the arterial oxygen saturation is selected (Case Ill), the reference signal only
contains noise portions. Therefore, the output of the adaptive noise canceller will consist of the
desired signal portions only.
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I:d=Srd + Nrge  Lir = Sjp + Nip

r: optical density ratio

..+ arterial optical
density ratio

't venous optical
density ratio

Srd = Fa Sip Npg =ry Nip

Reference Signal: N'(r) = I.q - r [
CaseLir#ryry N} =(rg-r) 5+ (r,-r) N;.
Casell: r=r, N'(r,) = (ry - ry) 5ip

Caselll: r=r, N'(rp) = (ry - ry) Nir

For each selected value of the optical density ratio, the corresponding reference signal is
calculated and subsequently processed through an adaptive noise canceller.

Irq
; 4

: 7

§p0; =1,2,3 .. 100%

La=[Tirer]=N(r) Or:

When the selected value for the optical density ratio does not correspond to either the arterial or
the venous oxygen saturation (Case 1), the corresponding output signal will contain little power.
When the selected value for the optical density corresponds to either the venous oxygen
saturation (Case Il) or the arterial oxygen saturation (Case Ill), the output signal will contain
significant output power.

The power output of the adaptive noise canceller represents the probability that the selected
optical density ratio, or its corresponding saturation value, is present in the physiologic signal.
The output power or probability value is plotted for a series of consecutive ratio values
generating the DST transform. During periods of no motion, a singular peak is generated in the
DST transform corresponding to the arterial oxygen saturation.
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In summary, the procedure for determining the arterial oxygen saturation utilizing Masimo SET
processing is as follows:

1) Sweep all optical density ratios that correspond to oxygen saturations of 1% to 100%.

2) Compute the reference signal for each optical density ratio.

3) Measure the output power of the adaptive noise canceller for each reference signal.

4) ldentify the appropriate peak in the DST transform that corresponds to the arterial oxygen
saturation (largest SpO2 value).

+ Adaptive Noise ANC Plot output
Lia J—b@f Reference .|  Canceller [P output —P power [ DST
- Signal {ANG) power Possible Plot

Iir =

r
Sp0;=1,2,3.. 100%

The procedure demonstrates another important feature of Masimo SET pulse oximetry. It is able
to calculate the arterial oxygen saturation without first extracting or determining discrete pulses
in the physiologic data. For Masimo SET processing, the saturation algorithm is independent of
the pulse rate algorithm. This is a significant distinction between Masimo SET systems and
conventional pulse oximetry systems where the recognition of a clean pulse is a prerequisite for
the calculation of accurate arterial oxygen saturation. Another advantage of Masimo SET
technology is that it can monitor arterial oxygen saturation and pulse rate even if the motion
starts before the pulse oximeter is turned on. It does not require clean data during instrument
start-up.
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Results of clinical research and evaluation performed for determining Rainbow
measur ement accuracy

1.

SPO2, SpCO and SpMet accuracy was determined by testing on healthy adult volunteers
in the range of 60-100% SPO2, 0-40% SpCO, and 0-15% SpMet against a laboratory
CO-Oximeter. SPO2 and SpMet accuracy was determined on 16 neonatal NICU patients
ranging in age from 7-135 days old and weighing between 0.5-4.25 kg. Seventy-nine (79)
data samples were collected over a range of 70-100% SaO2 and 0.5-2.5% MetHb with a
resultant accuracy of 2.9% SPO2 and 0.9% SpMet.

The Masimo sensors have been validated for no motion accuracy in human blood studies
on healthy adult male and female volunteers with light to dark skin pigmentation in
induced hypoxia studies in the range of 70-100% SPO2 against a laboratory CO-
Oximeter and ECG monitor. This variation equals plus or minus one standard deviation.
Plus or minus one standard deviation encompasses 68% of the population.

The Masimo sensors have been validated for motion accuracy in human blood studies on
healthy adult male and female volunteers with light to dark skin pigmentation in induced
hypoxia studies in the range of 70-100% SPO2 against a laboratory CO-Oximeter and
ECG monitor. This variation equals plus or minus one standard deviation which
encompasses 68% of the population.

The Masimo SET technology has been validated for low perfusion accuracy in bench top
testing against a Biotek Index 2 simulator and Masimo’s simulator with signal strengths
of greater than 0.02% and transmission of greater than 5% for saturations ranging from
70 to 100%. This variation equals plus or minus one standard deviation which
encompasses 68% of the population.

The Masimo sensors have been validated for pulse rate accuracy for the range of 25-240
bpm in bench top testing against a Biotek Index 2 simulator. This variation equals plus or
minus one standard deviation wich encompasses 68% of the population.

SpHb accuracy has been validated on healthy adult male and female volunteers and on
surgical patients with light to dark skin pigmentation in the range of 8-17 g/dl SpHb
against a laboratory CO-Oximeter. This variation equals plus or minus one standard
deviation which encompasses 68% of the population. The SpHb accuracy has not been
validated with motion or low perfusion.

The following substances may interfere with pulse CO-Oximetry measurements:

Elevated levels of Methemoglobin (MetHb) may lead to inaccurate SPO2 and SpCO
measurements.

Elevated levels of Carboxyhemoglobin (COHb) may lead to inaccurate SPO2
measurements.

Very low arterial Oxygen Saturation (SPO2) levels may cause inaccurate SpCO and
SpMet measurements.

Severe anemia may cause erroneous SPO2 readings.

Dyes, or any substance containing dyes, that change usual blood pigmentation may
cause erroneous readings.

Elevated levels of total bilirubin may lead to inaccurate SPO2, SpMet, SpCO and
SpHb readings.
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APPENDIX IV
EMC
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Guidance and manufacturer's declaration — electromagnetic emissions

The Patient Care Monitors are intended for use in the electromagnetic environment specified below.
The customer or the user of the monitor should assure that they are used in such an environment.

Emissionstest Compliance Electromagnetic environment - guidance
The use RF energy only for their internal function.
RF emissions Groun 1 Therefore, their RF emissions are very low and are not
CISPR 11 P likely to cause any interference in nearby electronic
equipment.
RF emissions
CISPR 11 Class B

The monitors are suitable for use in all establishments,

Harmonic emissions

including domestic establishments and those directly
connected to the public low-voltage power supply

IEC 61000-3-2 Complies
Voltage fluctuations/ flicker

emissions Complies
IEC 61000-3-3

network that supplies buildings used for domestic
purposes.

Guidance and manufacturer's declaration — electr omagnetic immunity

The Patient Care Monitors are intended for use in the electromagnetic environment specified below.
The customer or the user of the monitor should assure that they are used in such an environment.

I mmunity test |EC 60601 Compliance Electromagnetic environment -
y test level level guidance
Electrostatic +6 KV contact Floors should be wood, concrete or

discharge (ESD)
IEC 61000-4-2 +8 kV air

ceramic tile. If floors are covered with
synthetic material, the relative humidity
should be at least 30%.

Complies

_ +2 kV for power
Electrical fast supply lines

transient/burst ]
IEC 61000-4-4 +1 kV for input/output

lines

Mains power quality should be that of a
Complies |typical commercial or hospital
environment.

+1 kV differential

Surge mode
IEC 61000-4-5
+2 kVV common mode

Mains power quality should be that of a
Complies |typical commercial or hospital
environment.
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<5% U+
(>95% dip in U7)
for 0.5 cycle
Voltage dips, short 40% UT . l\/la_mslpower qua}lllty srrl]oulo.ltb:e that of a
interruptions and (60% dip in Ur) ypical commercial or hospita :
- environment. If the user of the monitor
voltage variations | for 5 cycles . ; : L
on power sunpl Complies | requires continued operation, it is
- Et lies PRIY  170% Ur recommended that the monitor be
IE% 61000-4-11 (30% dip in Ur) powered from an uninterruptible power
for 25 cycles supply or a battery.
<5% Ut
(>95% dip in Uy)
for 5 sec
Power frequency Power frequency magnetic fields should
(50/60 Hz) . be at levels characteristic of a typical
e 3A/m Complies O . .
magnetic field location in a typical commercial or
IEC 61000-4-8 hospital environment.
NOTE Uris the a.c. mains voltage prior to application of test level.

Guidance and manufacturer's declaration — electromagnetic immunity

The Patient Care Monitors are intended for use in the electromagnetic environment specified below.
The customer or the user of the monitor should assure that they are used in such an environment.

| mmunity test | EC 60601 Compliance Electromagne'tic environment —
test level level guidance

Portable and mobile RF communications
equipment should be used no closer to any
part of the monitor, including cables, than
the recommended separation distance
calculated from the equation applicable to
the frequency of the transmitter.

Conducted RF |3 Vrms 3V Recommended separation distance

IEC 61000-4-6 150 kHz to 80 MHz d=117JP

Radiated RF 3Vim . d=1.17+/P 80 MHz to 800 MHz

IEC 61000-4-3 |80 MHz to 2.5 GHz d=2.33+/P 800 MHzto 2.5 GHz

Where P is the maximum output power
rating of the transmitter in watts (W)
according to the transmitter manufacturer
and d is the recommended separation
distance in meters (m).

Field strengths from fixed RF
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transmitters, as determined by an
electromagnetic site survey, ® should be
less than the compliance level in each
frequency range.”

Interference may occur in the vicinity of
equipment marked with the following
symbol:

()

NOTE 1 At 80 MHz and 800 MHz, the higher frequency range applies.

NOTE 2 These guidelines may not apply in all situations. Electromagnetic propagation is affected by

absorption and reflection from structures, objects and people.

a Field strengths from fixed transmitters, such as base stations for radio (cellular/cordless) telephones and land mobile radios, amateur radio, AM and FM
radio broadcast and TV broadcast cannot be predicted theoretically with accuracy. To assess the electromagnetic environment due to fixed RF
transmitters, an electromagnetic site survey should be considered. If the measured field strength in the location in which the monitors are used exceeds

the applicable RF compliance level above, the monitor should be observed to verify normal operation. If abnormal performance is observed, additional
measures may necessary, such as reorienting or relocating the Monitor.

Over the frequency range 150kHz to 80 MHz, field strengths should be less than 3 V/m.

Recommended separ ation distances between
Portable and mobile RF communications equipment and the monitor
The Patient Care Monitors are intended for use in the electromagnetic environment in which radiated
RF disturbances are controlled. The customer or the user of the monitor can help prevent
electromagnetic interference by maintaining a minimum distance between portable and mobile RF
communications equipment (transmitters) and the monitor as recommended below, according to the
maximum output power of the communications equipment.

Rated maximum Separation distance according to frequency of transmitter
output power of m
transmitter 150 kHzto 80 MHz 80MHzto 800 MHz 800 MHzto 25 GHz
W d=117/P d=117/P d=233/P
0.01 0.12 0.12 0.23
0.1 0.37 0.37 0.74
1 1.17 1.17 2.33
10 3.70 3.70 7.37
100 11.7 11.7 23.3

For transmitters rated at a maximum output power not listed above, the recommended separation
distance d in meters (m) can be estimated using the equation applicable to the frequency of the
transmitter, where P is the maximum output power rating of the transmitter in watts (W) according to
the transmitter manufacturer.

NOTE 1 At 80 MHz and 800 MHz, the separation distance for the higher frequency range applies.
NOTE 2 These guidelines may not apply in all situations. Electromagnetic propagation is affected by
absorption and reflection from structures, objects and people.
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APPENDIX V
IRMA Design and theory

This section describes the basic concepts used in MASIMO SWEDEN AB IRMA in terms of
design, technical solutions and gas measurement.

1. Basic design features

MASIMO SWEDEN AB IRMA mainstream multi-gas probe consists of an IRMA sensor head,
and an airway adapter. As all necessary calibration constants are stored within each IRMA
sensor head, the probes can be replaced without the need for recalibration.

Figure 1. MASMO SWEDEN AB probe with airway adapter.

The IRMA sensor head includes a multi-channel IR bench, a barometric pressure sensor, a signal
processor, a power regulator, and a RS-232 digital interface.

The ultra compact multi-channel IR micro bench comprises a high reliability infrared source, an
infrared chopper wheel with an integrated brush less DC micro motor, an infrared detector and
all necessary components for processing the infrared measurement signal.

IR emitter

IR beam

/ Infrared detector

Chopper wheel with brushless DC micro motor

Figure 2. IRMA multi-channel IR micro bench.
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The airway adapter without an oxygen port, includes the optical components for measuring gases
- the XTP™ windows that are transparent to light in the wavelength ranges of interest.

«

Figure 3. IRMA airway adapter without an oxygen port.

2 Gas measur ement and identification

The IRMA probe snaps in place on the top of the airway adapter. The IRMA airway adapter is,
for example inserted between the endotracheal tube and the Y-piece of the breathing circuit. The
respiratory gas measurements are obtained by continuously measuring the infrared light
absorption, through the XTP windows in the gas flow through the adapter.

To measure the concentrations and identify the gases, absorption of up to nine different
wavelengths of infrared light is measured.

Figure4. MASIMO SWEDEN AB IRMA IR light path through the IRMA airway adapter.

The measurement of CO2, N20 and anesthetic agents in the breathing gas mixture is based on
the fact that the different gas components absorb infrared light at specific wavelengths.

A microprocessor continuously calculates the CO2, N20 and anesthetic agent concentrations
from the infrared light absorption measurements, using matrix calculations to automatically
identify which anesthetic agents are present in the gas mixture. Mixtures of maximum two
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anesthetic agents are automatically identified and both agents are measured. If more than two
agenets are present simultaneously in a gas mixture, an alarm will be set.

2.1 Infrared measur ement technology

The absorption spectra for CO2, N20 and the five anesthetic agents Halothane, Enflurane,
Isoflurane, Sevoflurane and Desflurane are shown in the figure below.
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Figure 5. Absorption spectra.

MASIMO SWEDEN AB IRMA uses the absorption peaks at 4.2 and 3.9 um for the
measurement of CO2 and N20 respectively, and five different wavelengths in the 8-12 um range
for anesthetic agent measurements. Two additional wavelengths beside the absorption peaks are
used as references. To measure the absorption of light at these wavelengths, a broadband infrared
radiation source is used. The light transmitted from the infrared source passes through the XTP
windows in the airway adapter and is then filtered using a set of narrow optical band pass filters.
The individual filters are mounted in a rapidly rotating filter wheel that intersects the light path
before the light reaches the infrared detector.
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Figure 6. Optical path
No radiation will be absorbed if the airway adapter is empty. The output signal from the detector
will thus have its maximum amplitude at a concentration of zero, with lower amplitudes at higher
concentrations.

3MASIMO SWEDEN AB XTP™ airway adapter

The IRMA disposable airway adapter is inserted between the endotracheal tube and the Y -piece
of the breathing circuit. The respiratory gas measurements are obtained through the XTP
windows in the sides of the adapter.

As the airway adapter is positioned directly in the airway, its performance can be affected by
water vapor, patient secretions or nebulized medications that can accumulate on the adapter’s
windows. The use of metered does inhalers can also affect the adapter.The water vapor can
condense on the surface of the adapter windows in the format of small discrete water droplets.
This condensation can affect the light absorption through the windows thus affecting the
precision of the measurement.

The design and material technology of the XTP windows have special features that prevent a
decrease in performance when water vapor is present.

The root cause of water droplet formation is the difference in surface tension between the plastic
and water. This mismatch means that the water condenses into discrete droplets with a high
contact angle. Figure 7 illustrates a water droplet with various contact angles showing the effects
of condensed water on light transmission.
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Figure 7. Effect of condensed water on light transmission.

The XTP windows are specially designed using the latest advances in material technology to
provide a window minimizing the impact of water vapor on light transmission. Figure 8
illustrates the light transmission in a XTP window.

- | J"ﬂ A - w g | +
XTP window
. Water ' s
Bl . ol =) ‘n' e
’ T Excellent wettabilicy T
Contact angle = o

Figure 8. Light transmission through a XTP window
For optimal results, the airway adapter shall not be placed between an endotracheal tube and an
elbow, as this may allow patient secretions to block the adapter windows. The IRMA airway

adapter shall be positioned with its windows in a vertical position to help keep patient secretions
from pooling on the windows.

The airway adapter is designed as a disposable for both adult/pediatric and infant applications.
The adult/pediatric adapter is available, Fig. 9.

' ol o

Figure 9. IRMA airway adapters. Adult/pediatric and infant adapter .

AWarningA

Do not use the IRMA adult/pediatric airway adapter with infants as the adapter add 6 ml
dead space to the patient circuit.
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The IRMA infant airway adapter has specially designed connectors for minimizing the dead
space (see fig. 9) and can be used even for very small patients.

Effect of water vapor

The total pressure of the gas mixture is estimated by measuring the actual barometric pressure in
the IRMA sensor .The partial pressure and the volume percentage of CO2 , N20, and anaesthetic
agents depend on the amount of water vapor in the breathing gas.

20.8 vol % O2 corresponds to the actual O2 concentration in room air with 0.7 vol% H20
concentration (at 1013hPa this equals for example at 25°C and 23% RH). The measurement of
C02, N20 and anaesthetic agents (e.g. all gases measured by the IR-bench) will always show the
actual partial pressure at the current humidity level.

The effects of water vapor are illustrated by the examples in the following table.O2 is assumed to
be room air calibrated at a humidity level of 0.7 vol% H20O. The two columns to the right show
the relative error in displayed concentrations when adding or removing water vapor from the gas
mixture, and referencing the measurement to dry gas conditions at actual temperature and
pressure (ATPD) or saturated conditions at body temperature (BTPS).

Temp |RH | P H20 Err(rel) | err(rel) err(rel)[%]
[C] [%] | [[hPa] | part. pres. | [%] ATPD[%] | BTPS
[[hPa]
10 20 1013 |2 0 -0.2 +6.0
20 20 1013 |5 0 -0.5 +5.7
25 0 1013 | O(ATPD) |0 0 +6.2
25 23 1013 | 7.3 0 -0.7 +5.5
25 50 |1013 |16 0 -1.6 +4.6
30 80 |1013 |42 0 -4.1 +2.0
37 100 | 1013 | 63(BTPS) |0 -6.2 0
37 100 | 700 63 0 -9.0 -2.8

The table above illustrates that the gas concentrations in the alveoli, where the breathing gas is
saturated with water vapor at body temperature (BTPS), are 6.2% lower than the corresponding
concentrations in the same gas mixture after removal of all water vapor (ATPD).

If calibration of O2 is not performed with room air humidity equal to 0.7 vol% H20O ,the
difference between the O2 concentration delivered by IRMA and the actual partial pressure of
02 will be equal to the concentration of ambient water vapor -0.7%(02 diff [%] = Conc
H20[%]-0.7%.

For example, if a room air calibration of O2 is performed at a humidity of 1.6 vol% H20
(corresponding to 50% RH at 25°C and 1013 hPa) the standard calibration value of 20.8 vol%
02 will be 1.6%-0.7%=0.9% too large. The correct O2 concentration (actual partial pressure of
02) at theses conditions is (1-0.009)*20.8=20.6 vol%02.
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Multi-gas (M ainstream) Technical specifications
For more details, please refer to specification section, Multi-gas (Mainstream) part.

General specifications

Dimension (WxDxH)

38x37x34mm (1.49” x 1.45” x 1.34")

Cablelength

25m=+0.1m

Weight

<25 g (cable excluded)

Operating temperature

IRMA CO2: 0-40°C  (32-104°F)
IRMA AX+: 10-40°C  (50-104°F)

Storagetemperature

-40-75°C (-40-167°F)

Operating humidity

<40 hPa H,0 (non-condensing)
(95 %RH at 30 °C)

Storage humidity

5-100% RH (condensing) , at a water vapor partial pressure
not
exceeding 74 hPa (100 %RH at 40 °C)

Operating atmospheric pressure

525-1200 hPa (525 hPa corresponding to an altitude of 5
211 m/ 17 100 feet)

Storage atmospheric pressure

500 to 1200 hPa
(500 hPa corresponding to an altitude of 5572 m / 18 280
feet)

Mechanical strength

Withstands repeated 1.8 m drops on a hard surface.
Complies with requirements for shock and vibration for
professional

transportation according to EN 1SO 80601-2-55:2011 and
requirements for road ambulances according to
EN1789:2007 (clause 6.4).

Power supply

IRMA CO2: IRMA AX+:
4.5-55VDC, max 1.0 W 4.5-55VDC, max 1.4 W
(power on surge @ 5 V less than 350 mA during 200 ms)

Recovery time after defibrillator
test

Unaffected

Drift of measurement accuracy

No drift

Surface temperature IRMA CO2: Max 39°C / 102°F
(at ambient temp. 23°C) IRMA AX+: Max 46°C / 115°F
Interface Modified RS-232 serial interface operating at 9600 bps.

After being in a condensing atmosphere, the unit shall be stored for more than 24 h in an environment equivalent to the

operating humidity.
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Airway adapters

Disposable adult/pediatric:

- Adds less than 6 ml deadspace.

- Pressure drop less than 0.3 cm H,O @ 30 LPM.
Disposable infant:

- Adds less than 1 ml deadspace.

- Pressure drop less than 1.3 cm H,O @ 10 LPM.

(Infant Airway Adapter recommended for Tracheal Tube ID size = 4 mm)

Compliance

MDD 93/42/EEC

EN 1SO 80601-2-55:2011
IEC 60601-1:2005

IEC 60601-1-2:2007

EN 1SO 5356-1:2004

EN 1789:2007 (IRMA CO2)

Degree of protection against
har mful ingress of water or
particulate matter

IP44

Method of sterilization

The IRMA system contains no sterile parts.

M ode of operation

CONTINUOUS OPERATION

Degree of protection against electric
shock

The IRMA probe is classified as DEFIBRILLATION-
PROOF TYPE BF APPLIED PART
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APPENDIX VI
| SA Design and Theory

1. Gas measur ements

The measurement of CO2, N20 and anesthetic agents is based on the fact that different gases
absorb infrared light at specific wavelengths. The analysis of respiratory gases by the ISA gas
analyzers are therefore performed by continuously measuring the infrared light absorption in the gas
flow through an infrared spectrometer. Oxygen, on the other hand, does not absorb infrared light to
the same extent as other breathing gases and is therefore measured using alternative methods.

The gasanalysis

At the heart of an ISA gas analyzer, the SSIGMA spectrometer is seated. The SIGMA spectrometer
uses a proprietary broadband infrared radiation source to transmit light through the gas sample.
Before reaching the gas sample, the light path is intersected by narrowband optical filters that only
let through light corresponding to selected wavelength peaks of the measured gases. At the other
end of the light path, a sensor detects the portion of the light that is not absorbed by the gas. The
amplitude of the detector output is an inverse function of the gas concentration. Thus, at a
concentration of zero, the amplitude is at its maximum.

If the gas sample is a mixture of several components that absorb light at the same wavelength, such
as amixture of two anesthetic agents, the absorbed radiation will be the sum of the absorption of the
agents. To determine the concentration of each of the individual gases, severa filters have to be
used. The ISA gas analyzers therefore uses the SSIGMA spectrometer, which contains up to nine
different narrowband filters to facilitate simultaneous measurement of CO2, N20 and a mixture of
any two of the five anesthetic agents.
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Figure 1. Gas absorption spectra
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The selection of the optical filters within the spectrometer is crucia to the characteristics and
performance of the gas analyzers. The SIGMA spectrometer uses the strong absorption peaks at 4.2
and 4.5 um for CO2 and N20O measurements and five wavelengths in the 8 to 10 um long wave
infrared range (LWIR) for the anesthetic agent calculations. The LWIR contains strong absorption
peaks for the anesthetic agents and negligible interference from other common respiratory gases,
such as alcohol and acetone, that could degrade measurement accuracy.

In addition to the measurement filters, two optical filters appropriately located within the 4 to 10
KM range are used as references.

2. Oxygen measurement

Oxygen does not absorb infrared light to the same extent as other breathing gases and is therefore
measured using alternative methods. The ISA OR+ analyzer isfitted with a paramagnetic oxygen
sensor, and the ISA AX+ module is designed be fitted with either a paramagnetic or a galvanic
(fuel-cell) oxygen sensor.

Par amagnetic oxygen analysis

Paramagnetic oxygen analyses are based on measurements of the attractive force exerted by a
strong magnetic field applied to the oxygen molecules in a gas mixture. The paramagnetic analyzer
distinguishes oxygen from other gases as a function of their magnetic susceptibility. Dueto its
paramagnetic nature, oxygen is attracted into the magnetic field, while most other gases are not. On
ascale, where oxygen is assigned the value 100, most other gases have a magnetic susceptibility of
close to zero.

The Servomex sensor

An oxygen sensor well suited for the ISA gas analyzer isthe PM 1116 paramagnetic oxygen sensor
from Servomex. In this sensor, a symmetrical non-uniform magnetic field is created. If oxygenis
present, it will be attracted into the strongest part of thisfield. Two nitrogen-filled glass spheres are
mounted on a rotating suspension within the magnetic field. Centrally on this suspension, a mirror
ismounted. A light beam projected on the mirror is reflected onto a pair of photocells. Oxygen
attracted into the magnetic field will push the glass spheres from the strongest part of the magnetic
field, causing the suspension to rotate. When this rotation is detected by the photocells, asignal is
generated and passed to a feedback system. The feedback system will pass a current around awire
mounted on the suspension, causing arestoring torque that keeps the suspension inits original
position. The current flowing around the wire is measured. This current is directly proportional to
the oxygen concentration. b

Clurrent measurament -

Conductive wire

Light source

Figure 2. Oxygem measurement with Servomex PM1116 paramagnetic oxygen sensor.
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The most important benefits of the paramagnetic oxygen sensor are:
*Fast rise time

*High stability and accuracy

*No chemicals to replace or renew

eLow maintenance requirements

Galvanic oxygen analysis

As an alternative to the paramagnetic sensor, the ISA gas analyzer is designed be fitted with a
galvanic oxygen sensor. A galvanic fuel-cell oxygen sensor uses a membrane that allows diffusion
of O2 into the sensor. Inside the sensor, there is a sensing electrode (cathode) made of a noble metal
such as gold or platinum, and a working electrode made of a base metal such aslead or zinc. The
electrodes are immersed in an electrolyte. Fuel-cell oxygen sensors are current generators and do
not require any external power supply. By connecting aresistor between the anode and the cathode,
avoltage proportional to the O2 concentration is generated.

Since the measurement involves a chemical reaction, the fuel cell is gradually consumed during the
process (also when the equipment is not in use), and requires replacement at regular intervals.

3. Sampling

A sidestream gas analyzer continuously removes a gas sample flow from the respiratory circuit, for
example anasal cannula, arespiratory mask or the Y -piece of an intubated patient. The gas sample
isfed through a sampling line to the gas analyzer. The sampled gasis usualy warm and humid, and
cools down in contact with the wall of the sampling line. Water therefore condenses in form of
droplets on the inner wall of the sampling line. These droplets could potentially occlude the
sampling line and interfere with the gas measurement.

The Nomoline

To overcome the shortfalls of current gas sampling solutions, the Nomoline sampling line has been
developed for the | SA sidestream gas analyzers.

AWar ning&

Do only use samplelinesintended for anesthetic agentsif N20 and/or anesthetic agentsare being used.

Unlike traditional solutions that remove water vapor and collect water in a container, the Nomoline
sampling line incorporates a unique water separation section, the NOMO section. This section is
made of a specia polymer and a hydrophobic bacteriafilter that removes water vapor and aspired or
condensed water. Water and water vapor passes through the membrane-like surface of the sampling
line and evaporates into the surrounding air, while leaving O2, CO2 and anesthetic gases
unaffected.
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Figure 3. The Nomoline (no moisture) sampling line.

To protect the ISA analyzer, the Nomoline includes afilter with the bacterial filter efficiency of
> 99.9980 %. It is important to be aware that secretions and nebulized medications may attach to
the surface of the bacteriafilter, and may cause clogging.

Warning: Do not use the ISA gas analyzer with metered-dose inhalers or nebulized medications as
this may clog the bacteriafilter.

The Nomoline sampling lines are specially designed for 50 ml/min low sample flow applications.
The Nomoline has a very low dead space that resultsin an ultra-fast rise time, making
measurements of CO2, N20 and anesthetic agents possible even at high respiratory rates. |SA
sidestream gas analyzers are therefore suitable for adult, pediatric and infant patients.

The Nomoline sampling lineis available in 2 and 3 meter versions and comes with a male Luer
Lock type connector to work with different kinds of third-party sampling equipment, including
patient interfaces for intubated, nasal and oral sampling. Although the selection of optimal patient
interfacesis crucial, the Nomoline sampling line fits in any normal configuration.

Flow control

During normal operation, a sidestream gas analyzer is continuously fed with a small sample gas
flow. To pull the gas through the sampling line and maintain a steady flow, a high-precision flow
control system isrequired. In ISA sidestream gas analyzers, the flow control system consists of an
integrated micro pump, a zero valve and a flow controller. The pump is fitted with alow-power
brushless motor having three miniature ball bearings to ensure trouble free operation without
regular maintenance. Its balanced shaft design and integrated pneumatic filter virtually eliminate
pressure and flow variations.

System response

In any sidestream gas monitoring system, there are three major time parameters involved:
*Total system response time

*Delay time

*Rise time

When designing a sidestream gas monitoring system, the physical characteristics of several
components have to be considered. Parameters such as sampling volume, tubing material, tubing
diameter and the physical design of the sampling interfaces play decisive rolesin determining the
responsiveness of the system.

Generally, the total system response time equal s the delay time plus the rise time.

f
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The delay time is defined as the time required for a step function change at the sampling site to
result in 10% of the final value. Parameters affecting the delay time are the sample flow rate, tubing
length and tubing inner diameter. In mainstream gas monitoring, where no tubing exist, the delay
timeisvirtually zero, whereas a sidestream system has a sample delay time of afew seconds.

Therisetimeis defined as the time required for a step function change at the sampling site to bring
about arise from 10% to 90% of the final gas concentration value.

4. Gas data concentration
Gas measur ement units

Gas concentration is reported in units of volume percent. The concentration is defined as:

%gas = Partial pressure of gascomponent  » 109
Total pressure of gas mixture

The total pressure of the gas mixture is measured by a cuvette pressure sensor in the ISA gas
analyzer.

For conversion to other units, the actual atmospheric pressure sent from the |SA sidestream
analyzer may be used, e.g.

CO2 in mmHg = (CO2 concentration) X (atm. pressure value in kPafrom 1SA) x (750 / 100).
Example: 5.0 vol% CO2 @ 101.3 kPa O 0.05 x 101.3 x 750/ 100 = 38 mmHg

Effects of humidity

The partial pressure and the volume percentage of CO2, N20, O2 and anesthetic agents depend on
the amount of water vapor in the measured gas. The O2 measurement will be calibrated to show
20.8 vol% at actual ambient temperature and humidity level, instead of showing actual partial
pressure. 20.8 vol% O2 corresponds to the actual O2 concentration in room air with 0.7 vol % H20
concentration (at 1013 hPathis equals for example 25°C and 23% RH). The measurement of CO2,
N20, and anesthetic agents (e.g. all gases measured by the IR-bench) will aways show the actual
partial pressure at the current humidity level.

In the alveoli of the patient, the breathing gas is saturated with water vapor at body temperature
(BTPS).

When the breathing gas is sampled, and passing the sampling line, the gas temperature will get
close to the ambient temperature before reaching the ISA sidestream gas analyzer. Asthe Nomoline
removed all condensed water, no water will reach the ISA gas analyzer. The relative humidity of the
sampled gas will be about 95%.

If CO2 values at BTPS are required, the following equation can be used:

EtCO2 (BTPS) = EtCO2* (1 - ( 3.8/ Pamb) )

where:

EtCO2 = EtCO2 value sent from ISA [vol %] Pamb = Ambient pressure sent from ISA [kPe]

3.8 =Typical partial pressure of water vapor condensed between patient circuit and | SA [kPa]
EtCO2(BTPS) = EtCO2 gas concentration at BTPS [vol %]

02 isassumed to be room air calibrated at a humidity level of 0.7 vol% H20.
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Spectral broadening
The presence of oxygen and nitrous oxide can cause some interference in the CO2 measurement.
Thisis known as spectral broadening.

Nitrous oxide, N20:
|SA sidestream analyzers capable of N20 measurements automatically compensates for spectral
broadening caused by nitrous oxide.

When using an |SA sidestream gas analyzer without this capability, the current nitrous oxide
concentration should be transmitted to the |SA Gas analyzer using the SetN20 command.

For most applications, sufficient accuracy in CO2 measurement will be achieved by setting N20 to
one standard concentration used always with N20 in use, as recommendation 50 vol%, SetN20 50
for actual concentrations in the span 30 — 70 vol% N20. When N20O is not in use send SetN20 0.
The default value is 0.

By using this range, see table below, the maximum CO2 error with N20 compensation on (30-70%)
will be limited to 3.2 % relative.

N20 range | N20 parameter

0-30vol% | O

30-70 vol% | 50

Oxygen, O2:
| SA sidestream analyzers capable of O2 measurements automatically compensates for spectral
broadening caused by nitrous oxide.

When using an |SA sidestream gas analyzer without this capability, the current nitrous oxide
concentration should be transmitted to the ISA Gas analyzer using the SetO2 command.

For most applications, sufficient accuracy in CO2 measurement will be achieved by dividing the
oxygen concentration into three ranges: “high”, “medium” and “low”. By using these ranges, along
with the Set O2 valuesin the table below, the maximal relative CO2 error will be limited to 1.2%.

02 range 02 parameter

0-30 vol% 0

30-70vol% | 50

70-100 vol% | 85

5. Multi-gas (Sidestream) Technical specifications
For more details, please refer to specification section, Multi-gas (Sidestream) part.

General specifications

Compact, low-flow sidestream gas analyzers with integrated
Description pump,
zeroing valve and flow controller.

ISA CO2/AX+: 33x78%x49 mm (1.3” x3.1"x1.97)

Di ions (WxDxH)*
imensions (WxDxH) ISA OR+: 49x90x100 mm (1.9” x3.5"x3.9")

! Excl uding cable, tubi ng and Nomoline.
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Waeidht ISA CO2/AX+: <130 g (including cable)
el
g ISA OR+: <420 g (including cable)
, ISA CO.: 0to 50°C (32to 122 °F)
Operating temperature
ISA OR+/AX+: 510 50°C (41 to 122 °F)

Storage temper ature

-40 t0 70°C (-40 to 158 °F)

Operating humidity

<4 kPaH,0 (non-condensing)
(95 %RH at 30°C)

Storage humidity

5 to 100 %RH (condensing)?
(100 %RH at 40°C)

Operating atmospheric pressure

525 to 1200 hPa
(Corresponding to a max altitude of 5211 m/17100 feet)

Storage atmospheric pressure

25 to 1200 hPa
(corresponding to amax altitude of 5211 m/ 17100 feet)

Ambient CO;

< 800 ppm (0.08 vol%)

M echanical robustness

ISA CO2:

Meets the shock and vibration requirements for transport of
EN 1SO 80601-2-55:2011 clause 201.15.3.5.101.2 and EN
1789:2007 clause 6.3.4.2.

ISA OR+/AX+:
Meets the shock and vibration requirements of EN 1SO
80601-2-55:2011 clause 201.15.3.5.101.1

Power supply

4.51t05.5VDC,

ISA CO2: <1.4 W (normal op.), <1.8 W (peak @ 5 VDC)
ISA AX+: <1.6 W (normal op.), <2.0 W (peak @ 5 VDC)
ISA OR+: <2.0 W (normal op.), <2.4 W (peak @ 5 VDC)

Recovery time after defibrillator
test

Unaffected

Water handling

Nomoline Family sampling lines with proprietary water
removal tubing.

Sampling flow rate

50 + 10 smi/min®

Degree of protection against
harmful ingress of water or
particulate matter

|P44

M ethod of sterilization

The ISA system contains no sterile parts.

M ode of operation

CONTINUOUS OPERATION

Degree of protection against electric

shock

Nomoline Family sampling lines are classified as
DEFIBRILLATION-PROOF TYPE BF APPLIED PART

2 The unit shall after condensation be stored for more than 24h in an environment with relative moisture content below 95 %RH

non-condensing).

\/olumetric flow rate of air corrected to standardized conditions of temperature and pressure.

N4
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