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Operator Assistance Information

Manufacturer: Beyond Air Inc.
900 Stewart Avenue
Suite 301,
Garden City, NY
USA 11530
Ph: 1-(855)-LUN-GFLX (1-855-586-4359)

Website: www.beyondair.net
For clinical and technical support, contact your local Beyond Air Inc. representative.

CAUTION: US Federal and Canadian law restrict this device to sale by or on the order of a licensed
medical practitioner. Outside the USA and Canada, check local laws for any
restrictions that may apply.

LungFit PH System Operator’s Manual; PN 20038 Version: 9
Page 2 of 111


www.beyondair.net

#d Beyond Air

The Magic of Breathing

Contents
Operator ASSIStANCE INFOIMEALION ........cviiiiiei ittt st b e e e e besteeneesresresreeneeneees 2
1. USER RESPONSIBILITY ..ottt ettt bbbttt 6
FZ B 1 1\ N L N SRR 6
3. WARNINGS AND CAUTIONS ...ttt e e e b e ssbesnb e st e anbeenbeenbeesbeenbeenes 7
N =] = L Y A 1N I (0] N 1 TSP 11
B, INTENDED USE ..ottt sttt et st e b b e e b e e st e e st e e s b e e be e s be e sbe e s beesbeesbeesbaesbeesbeesbeenreens 12
6. CONTRAINDICATION ...ttt ettt et e et e be et e et e e be e be e sbe e be e be e beenbeenbeenes 12
7. HOW SUPPLIED........cottiiiieieieii sttt bbbttt e ettt eras 12
8. SYMBOLS USED IN THIS MANUAL OR ON THE DEVICE .......ccccoiiiiiineeininssie et 12
9. PRODUCT DESCRIPTION ....cutiiiieitiiriisisieietese ettt sesesssseseseesessssssesessssssasesesesssnsasases 16
9.1 NO Generator and NO2 FITEIS.......c.oiiiii e 19
9.2 Nitric Oxide Delivery Module (NDM) .......coovoiiiiiieiccece ettt s sne s 21
9.3 Gas Sampling and MONItOriNG SYSIEM ......c.veviiiiiiieiie e 23
9.4 The Nitric Oxide Backup and Bagging SYStEM ..........ccoriiiiiieiiiinisise e 27
9.5, AULOMALIC PUIGE CYCIES.....ccteeiieiie ettt sttt et st e e st et sr e s te e aesbeeteesbesaeeneesre e 30
Lo T = T 11T Y 2SR PRPTPRTIN 30
10. LUNGFIT PH SYSTEM SETUP ..ottt st be e be et re s 31
10.1  Nitric Oxide Delivery Module (NDM) ASSEMDBIY .......ccoiiiiiiiiiiiie e 31
10.2  GaS SAMPIE LINE SEIUP ....cuieiiitiiiiiieiieite ettt 37
O T B0 o | o IS = U (U] o RSP S 37
10.4  VerifiCation ChECK ......coviieieiei ettt ettt sre e ens 39
10.5  MONENIY PrOCEAUIES ...ttt bbbttt e e 40
11, USING THE DEVICE ..ottt ettt bbbt 41
11.1  Setting up the VENTIlAtor CIFCUIT..........ociiiiic e 41
N =T To 1 o T (N L@ T I g 1= T )Y A ST RP 44
11.3  Changing an NO2 FIHEr ......ccv i st sreene 45
114 AQJUSTING ALBIINIS. ...ttt bbbttt b bt 53
115  Adjusting NO CONCENTIALION .......ccviiviieeiiitecie ettt sre st e s beera e besreeresbesneesreates 54
T o (U YT o I N 4 T = o) RSP SP 55
11.7  AdJusting time and AL ........coiiiiiiiiiee e 56
11.8  Backup Delivery MENU PAJE ........ccciiiiiiiieiiiii sttt 57
S N I 14 0 T o 111 (e YRS 58
11.10 Brightness AdJUSTMENT .......coiiii ettt st sae s e tesreeaesteaneeseeenes 59
O O ) 0] L o T == SR 60
O AV - Y101 (= g =T o SRR 60
11.13. Changing COMPONENES QUING USE ... .eouiiueeriiitiiieriesteenie e eiee e seeeseestesneeseeeeeeeeseeeseentesseeneeseeaneeseeeses 61
12. USING THE BAGGING SYSTEM NO/O2 OUTLET ...oocoiiiiieceece e 62
13. USING THE BACKUP NO SYSTEM ...ttt sttt sttt snae e nnbeesnne e e 65
14, COMPLETING THERAPY oottt sttt et ettt stae e sn e e an e e et e e nbae e snbeennbeeenreeennes 67
15. REMOVING THE LUNGFIT PH SYSTEM FROM THE CART ..ottt 68

LungFit PH System Operator’s Manual; PN 20038 Version: 9

Page 3 of 111



#d Beyond Air

The Magic of Breathing

16. GAS MONITOR CALIBRATION PROCEDURE .......cccooiiiiireinieenisisie et 69
16.1  Zero NO, NO2, QN0 O2 SENSOIS....ciiivreteiiirretteiereteeiissteeiaeetesssretesasretesssretesssrrtesassresesssresessssseses 69
16.2  CaliDrate NO SENSOI.......eiiiieiieiiiiieie sttt sttt bbbttt e bbbttt 70
16.3  CaliDrate NO2 SENSOK ... ..ottt n e 71
R O 11 o) = (3 @ P T 0o SR 72
16.5  SeNSOr REPIACEMENT ... .ocuieieiece ettt et e e e s beere e besreebeste e e e sreanen 72

A I N 1V PSSR 73

18. TROUBLESHOOTING GUIDE........ccoitieiiitiiiiisieieiee ettt 75
18.1.  Common Problems ENCOUNTEIEU .........c.eiiiiiieiiiiiiie ittt e 91

19. COMPATIBLE VENTILATORS . ..ottt e bbb e an b e e beebeenbe s 92
T Y= o1 | P Lo g I OSSPSR 92
19.2.  Ventilator SPecification WINGOW. ..........coiiiiiiiiiiiiisie e 92
19.3.  Device EffeCts 0N VENTHALON.........ccciieii it sreeeee 93

20. CLEANING AND REPROGCESSING ......ccootiteiiiiirieieieieesisieiese s ses st sssss e ssssssesesesensssnsases 94
A0 T O [T o] Vo o [0 T Vo U SR 94
20.2.  ReProCesSiNG DEIWEEN USES.......cviiiiieiieitecie sttt et e ettt e ta e e sbeeta e be s re e e e ste e e e sresteebesteeneesrens 94
20.3. Approved cleaning and bactericidal AgENTS............cooiieiiiieieiesi e 94

21, SPECIFICATIONS ..ottt ettt ettt b et bbbttt e s et b et s n et et e b s e n e e e nnenan 96
21.1. Nitric Oxide Delivery SPeCITICALIONS .........c.ccuiiiiiriierieiei e 96
21.2.  Analyzer and Sensor SPECITICALIONS .........c.ciiiiiiiieccse e s 96
21,3, FIOW SBNSOT ...ttt bbbttt e b et e st e e e bt et e st et st e et enean 97
21,4, OXYOEN IMONITOT ...ttt bbbttt b bbbttt bttt nen e 97
A T o 1YL T | SOOI 97
A LG TR = T U1 (-] Y RS SS 97
20 R o V7T o] o =T ) 7 SR 97
a0 T [Tl 1 T | OSSR 98
21,9, USEE APPIIEU PAIS .....ociiciieie ettt sttt et sbe et e et e s ae et e sbeeeesbeetaesbesaeeneesre e 98

22. ELECTROMAGNETIC COMPATIBILITY INFORMATION .....ooiiiiiiiiiierie e 99

23. OCCUPATIONAL EXPOSURE ...ttt sttt sttt ettt saae et e st e nbae e snee s 102

24, INDICATIONS FOR USE.....cooiiiiieieieiiisisieie ettt ettt ettt ne e nennanas 102

25. CONTRAINDICATIONS......ciiiiieteieieiiitsisiete ettt ettt ese et et e s e e e bt e s e e e st etese e e nensanes 102

26. DOSAGE AND ADMINISTRATION .....oviiiieiiiiiiiseieee sttt sensenes 103
P 0 B B T Lo [T TSP PP PP P TPTPRPTURPRRPRTOR 103
26.2.  AAMINISIIALION .. .eiiiiiiieieeee ettt ettt e e s te s e tesre e st e steeneesaeareeneeseeeneennenneas 103

27. WARNINGS AND PRECAUTIONS ASSOCIATED WITH NITRIC OXIDE (NO) .....ccoovvvrieirirrerinne 103
27.1. Rebound Pulmonary Hypertension Syndrome following Abrupt Discontinuation....................... 103
27.2.  Hypoxemia from Methemoglobinemia............coiiiiiiiiiiice e 104
27.3.  Airway Injury from Nitrogen DIOXIE .........cccviiiiieiiie et 104
27.4. WOrsening Heart FallUIe ..........ooo ittt nee e 104

28. ADVERSE EVENTS ...ttt ettt st ettt e st e et e e st e e sa e e sn e e s nbe e e sbee e saaeesnbeesnbeeebenennee s 104
28.1.  Clinical Trials EXPEITENCE. ... ..t iiiie ettt ettt et ettt e saesteeneeseeeneeneeaneas 104

LungFit PH System Operator’s Manual; PN 20038 Version: 9
Page 4 of 111



#d Beyond Air

The Magic of Breathing

28.2.  POSt-Marketing EXPEITENCE.......cecieieiieie ittt sttt st s re e be e e saeste e e e sbesneenrenne s 105
29. DRUG INTERAGCTIONS ...ttt sttt ettt et e st e sbe et e s be e st e e s beenneesaeenteenneennns 105
30. USE IN SPECIFIC POPULATIONS.......coiiiiiisieieieiee sttt snnnnes 105
0T I o 1= - (o3 Y SRS 105
30.2.  NUISING MOTNEIS ...ttt e e st e e saestesreebesteeneesreanes 106
T TR T [ o1 o USSR 106
30,4, GEITALIC USE ....viuieiieiieiisiete stttk bbbttt b ke bbbt e e st bt bbbttt ne s 106
3L, OVERDOSAGE ... ootttk bbbtttk ettt et 106
32, DESCRIPTION. .. .utttittiieieieieestsieteie ettt ettt ettt bt e bttt bkttt bt n et e e bt 106
33. CLINICAL PHARMAGCOLOGY ..ottt sttt b ssssssesesessssssnsases 106
33.1. MeCh@niSM OF ACHION......ciiiiiiieiteieie ettt et sbe st e e ne s 106
33.2.  PRAarmMaCOUYNAITHCS .....ecuveieiiieieiie ettt et te st ste et st e et e be s te e b e s beeseesbesbeesbesbeeteetesreesbestaennesreares 107
33.3.  PRAIMACOKINETICS ....vevveiieiieeieesie sttt ettt sttt et e e e ste e e s ae st e tesbeesaentesnaenaesteeneenrennen 107
34. NONCLINICAL TOXICOLOGY ...ooiiiiiiiiiiiiiiie sttt snbe e s nbesnbeenbe s e enteeneeeaes 108
34.1. Carcinogenesis, Mutagenesis, Impairment of Fertility ............ccccooriinniiciii s 108
35. CLINICAL STUDIES......coicttiiiiteieietiesisieie ettt ettt sttt b et et et e s e e e st 108
35.1. Treatment of Hypoxic Respiratory Failure (HRF).........ccooiiiiiiiiiceecee e 108
35.2. Ineffective in Adult Respiratory Distress Syndrome (ARDS) .......ccccvviveiiieciine e 110
35.3. Ineffective in Prevention of Bronchopulmonary Dysplasia (BPD) .........cccccevviiinininiicicens 111

LungFit PH System Operator’s Manual; PN 20038 Version: 9
Page 5 of 111



#d Beyond Air

The Magic of Breathing

1. USER RESPONSIBILITY

The LungFit PH System performs in line with the description detailed in this user manual and
accompanying labels and/or guides when assembled, operated, maintained, repaired, and stored in
accordance with the instructions provided.

The device must be checked prior to use in accordance with the procedures outlined in this manual.
A damaged device should not be used; contact Beyond Air immediately for a replacement device (1-
855-LUN-GFLX (1-855-586-4359)).

The user of this device is solely responsible for any malfunction resulting from improper use, faulty
maintenance, improper repair, damage, or alteration by any source not authorized by Beyond Air Inc.

For technical support, contact Beyond Air at 1-855-LUN-GFLX (1-855-586-4359).

2. DEFINITIONS

e Warning(s) — alert the operator to possible injury, death, or other serious adverse reactions
associated with the use or misuse of the device.

o Caution(s) — information regarding any special care to be exercised by the user for safe and
effective use of the device.

o Contraindication(s) — alert the operator to possible situations or conditions that the device
should not be used because the risk of use outweighs any possible benefit.
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3. WARNINGS AND CAUTIONS

WARNING: A non-expired NO> Filter must be properly installed at all times for
the LungFit PH System to function.

e Insert new filter as quickly as possible (within 15 seconds) to minimize

interruption of NO treatment
o If the filter is not installed, there will be no nitric oxide delivered through the

NO Injector Line Outlet

e The device will not start if the installed NO> Filter is past its designated
usage time.

e The device will alarm (Change NOz2 Filter) if the installed NO: Filter is
past its designated usage time.

e Always have at least one spare NO; Filter available

‘ WARNING: Complete a Verification Check outlined in this manual at least once per
month.

WARNING: The LungFit PH System sample line withdraws approximately

230 mL/minute of gas flow from the ventilator breathing circuit. Flow sensitivity
adjustment on the ventilator may be necessary to prevent auto-cycling of the
ventilator (repetitive triggering of a mechanical breath).

WARNING: Place the gas sample line on the breathing circuit inspiratory limb and
close to the patient connection (approximately 6 inches from patient wye, and at least
18 inches downstream from the NDM) to accurately measure the inhaled NO, NO>
and Oo>.

WARNING: Persons using the LungFit PH System should be trained and
experienced in its use before performing procedures described in this manual to
assure effective administration of nitric oxide and to avoid injury to the patient or
to others resulting from inhalation of excess nitric oxide, nitrogen dioxide, or other
reaction products.

WARNING: The LungFit PH System operating manual should be kept with the
device at all times to answer questions or concerns that may arise.

WARNING: Only use the sample line with hydrophobic filter provided by Beyond
Air.

>B> B B B P
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WARNING: Ensure the NO, NO2, and O alarms are set to acceptable limits when
delivering NO to a patient.

WARNING: Follow all local, state, and federal regulations with respect to
environmental protection when disposing of batteries and electrochemical sensors.

WARNING: Always have an independent back up NO delivery system available
close at hand as a contingency in the event the LungFit PH System becomes
inoperative during a NO therapy session.

WARNING: Adjustments to FiO. may be required when administering nitric
oxide gas as the FiO> delivered to the patient may change due to the dilution effect
of the NO gas.

WARNING: Do not place containers of liquid of any type on top of or near this
device. Liquid spilt in or on the device can cause equipment malfunction and damage.

WARNING: Avoid abrupt discontinuation of NO. To wean NO down, titrate in
several steps, pausing several hours at each step to monitor for hypoxemia.

WARNING: Abrupt discontinuation of NO may lead to worsening oxygenation and
increasing pulmonary artery pressure, i.e., Rebound Pulmonary Hypertension
Syndrome. Signs and symptoms of Rebound Pulmonary Hypertension Syndrome
include hypoxemia, systemic hypotension, bradycardia, and decreased cardiac output.
If Rebound Pulmonary Hypertension occurs, reinstate NO therapy immediately.

WARNING: To avoid the risk of electric shock, this equipment must only be
connected to a supply main with protective earth.

>k B PP B PBPPBPP

WARNING: Do not make unauthorized changes to the device as it can result in
harm to the patient.
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WARNING: The Backup NO System introduces a fixed flow (1 L/min) and NO
concentration (220 ppm) through the injector line into the NDM. The final
delivered concentration will depend on the ventilator circuit flow.

e When using the integrated backup with breathing circuit gas flows of 5 L/min, the

delivered NO dose will be approximately 40 ppm. Breathing circuit gas flows less

than 5 L/min will deliver an NO dose greater than 40 ppm.

The Backup NO System is intended for short term use when the main

NO delivery system fails. Use only until a replacement NO system can

be placed in use.

e An NO:; Filter must be installed when using the Backup NO System

e The Backup NO System delivers a variable concentration of NO to the
patient that depends on the ventilator flow used.

>

WARNING: Do not use the device if visibly damaged; contact Beyond Air for
replacement device.

WARNING: If NO2 > 3 ppm, the delivery system should be assessed in
accordance with the Troubleshooting Guide (Section 18).

WARNING: LungFit PH is MR Unsafe.

WARNING: Always keep at least one spare NDM kit on hand.

I WARNING: Use the device in a well-ventilated area.

WARNING: Warning: The LungFit PH adds flow to the ventilator flow when NO is
set greater than zero ppm (see Section 18.3 for details). Only use ventilators validated
with the LungFit PH, and only those modes listed as confirmed compatible.
Additionally, confirm stable patient ventilation and oxygenation with an arterial
blood gas after initiation or removal of NO therapy with the LungFit PH.

CAUTION: Condensing humidity will impair the function of the sensors. In the
unlikely event that the sensor(s) gets wet, turn the unit on and sample room air to
allow the analysis module to dry out. Once dry, the sensors will function
normally.

> bPbEPEP P
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CAUTION:
¢ DO NOT sterilize.

e DO NOT clean any parts with acetone or other strong solvents.
e DO NOT immerse or allow water or any other liquid to enter the
device or housings.

CAUTION: Calibrate the sensors at least once a month, or more frequently if
needed, to ensure the device monitors the gases in the breathing circuit correctly.

/'\ | CAUTION: Single use items to be used on one patient only |
CAUTION: To maintain the LungFit PH batteries in a charged state, keep the
system plugged in between uses.

However, inspired gasses are not monitored, and gas monitoring alarms are

C CAUTION: NO can be administered during the sensor calibration process.
disabled.

& CAUTION: Aerosolized medications delivered before the sample tee may clog and
obstruct the sample line filter and trigger a low sample flow.
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4. ABBREVIATIONS

bpm
cmH20
FiO2
HFOV
L/min
mL
mL/min
mmHg
NDM
NO

NO:2

PaO:

ppm
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Breaths per minute

Centimeters of water

Fraction of inspired gaseous oxygen
High Frequency Oscillatory Ventilators
Liters per minute

Milliliters

Milliliters per minute

Millimeters of mercury

Nitric oxide Delivery Module

Nitric Oxide

Nitrogen Dioxide

Oxygen

Arterial Oxygen Partial Pressure

parts per million
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. INTENDED USE

The LungFit® PH is intended to deliver nitric oxide (NO), a vasodilator, generated by the device into
the inspiratory limb of the patient breathing circuit of a ventilator in a way that provides a constant
concentration of nitric oxide, as set by the user, to the patient throughout the inspired breath.

The LungFit® PH provides continuous integrated monitoring of inspired oxygen (Oz), nitrogen
dioxide (NO-) and nitric oxide (NO), and a comprehensive alarm system.

The LungFit® PH includes an integrated backup NO delivery system that is a completely
independent backup NO generating system; it has its own NO generator and gas flow delivery
system. The backup flow is delivered at 1 L/min at 220ppm NO to either a ventilator circuit or to a
bagging system, depending upon the user selected setting.

The NO from the LungFit PH System is indicated to improve oxygenation and reduce the need for
extracorporeal membrane oxygenation in term and near-term (>34 weeks gestation) neonates with
hypoxic respiratory failure associated with clinical or echocardiographic evidence of pulmonary
hypertension in conjunction with ventilatory support and other appropriate agents.

. CONTRAINDICATION

The NO from the LungFit PH is contraindicated in neonates dependent on right-to-left shunting of
blood.

. HOW SUPPLIED

Nitric oxide (NO) is generated by the LungFit PH from room air just prior to delivery into an attached

breathing circuit.

8. SYMBOLS USED IN THIS MANUAL OR ON THE DEVICE

Symbol

Symbol Title

Reference
Number

Description

Standard Title and Designation
Number

A\

Warning

Alert the operator to possible
injury, death, or other serious
adverse reactions associated
with the use or misuse of the
device.
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Symbol Symbol Title ﬁﬁﬁ?:rce Description ﬁlt:rr:]%ae:,d e £ [P e
Caution ISO 7000- | Information regarding any
0434B special care to be exercised by
the user for safe and effective
use of the device.
® Type B 5840 On medical equipment. To IEC/TR 60878 Graphical
Applied Part identify a type B applied part symbols for electrical equipment
complying with IEC 60601-1. in medical practice.
Note — B = Body
... Bell Cancel 5576 To identify the control whereby | IEC/TR 60878 Graphical
ﬂ (Alarm Silence) a bell may be switched off or to | symbols for electrical equipment
T indicate the operating status of | in medical practice.
the bell.
Alarm Silence | N/A Button used to silence high N/A
Activation priority alarms for 2 minutes.
ﬁ Button
Equipotentiality | 5021 To identify the terminals IEC/TR 60878
which, when connected Graphical symbols for electrical
together, bring the various equipment in medical practice.
parts of an equipment or of a
system to the same potential,
not necessarily being the earth
(ground) potential, e.g., for
local bonding.
Refer to ISO 7010- | To signify that the instruction IEC/TR 60878
Instruction M002 manual/booklet must be read. Graphical symbols for electrical
Manual/Booklet equipment in medical practice.
Catalogue 5.1.6 Indicates the manufacturer’s ISO & ANSI/AAMI/ISO 15223-1
Number catalogue number so that the Medical devices — Symbols to be
REF medical device can be used with medical device labels —
identified. General requirements.
Serial Number | 5.1.7 Indicates the manufacturer’s ISO & ANSI/AAMI/ISO 15223-1

SN

serial number so that a specific
medical device can be
identified.

Medical devices — Symbols to be
used with medical device labels —
General requirements.
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. Reference L Standard Title and Designation
Symbol Symbol Title Number Description Number
Batch Code 515 Indicates the manufacturer’s ISO & ANSI/AAMI/ISO 15223-1
batch code so that the batch or | Medical devices — Symbols to be
LOT lot can be identified. used with medical device labels —
General requirements.
“OFF” (Power) | 5008 To indicate disconnection from | IEC/TR 60878
the mains, at least for mains Graphical symbols for electrical
O switches or their positions, and | equipment in medical practice.
all those cases where safety is
involved.
“ON” (Power) 5007 To indicate connection to the IEC/TR 60878 Graphical
mains, at least for mains symbols for electrical equipment
| switches or their positions, and | in medical practice.
all those cases where safety is
involved.
Alternating N/A To indicate connection to IEC/TR 60878 Graphical
Current alternating current. symbols for electrical equipment
/\/ in medical practice.
Do Not Reuse 5.4.2 To indicate the item is for ISO 15223-1: 2016
single use only and must not be | Reference No. 5.4.2 (1SO 7000 —
used more than once, for 1051)
example packages of medical
disposables
Non-sterile 5.2.7 To indicate item has not been ISO 15223-1:2016
Component sterilized Reference No. 5.2.7 (ISO 7000-
=
NOH
STERIL
Consult 54.3 Indicates the need for the user | 1SO 15223-1:2016

r i
[ |

Instructions for
Use

to consult the instructions for
use

Reference No. 5.4.3 (ISO 7000-
1641)

LungFit PH System Operator’s Manual; PN 20038 Version: 9

Page 14 of 111




#A Bey

ond Air

The Magic of Breathing

. Reference L Standard Title and Designation
Symbol Symbol Title Number Description Number
Date of 5.1.3 Indicates the date when the ISO 15223- 1:2016
manufacture medical device was Reference no. 5.1.3. (ISO 7000-
dl manufactured 2497)
- - | Manufacturer | 5.1.1 Indicates the medical device ISO 15223-1:2016
manufacturer Reference No. 5.1.1 (ISO 7000-
J o
L |
- - | Use-by Date 5.14 Indicates the date after which ISO 15223-1: 2016
the medical device is not to be | Reference No. 5.1.4 (ISO 7000 —
used 2607)
L .|
- - | Temperature 5.3.7 Indicates the temperature limits | 1SO 15223-1:2016
Limit to which the medical device Reference No. 5.3.7 (ISO 7000-
can be safely exposed 0632)
L .|
r Humidity 5.3.8 Indicates the range of humidity | ISO 15223-1:2016
Limitation to which the medical device Reference No. 5.3.8 (1ISO 7000-
can be safely exposed 2620)
S~
.|
r Atmospheric 5.3.9 Indicates the range of 1ISO 15223-1:2016
Pressure atmospheric pressure to which | Reference No. 5.3.9 (1SO 7000-
Limitation the medical device can be 2621)
safely exposed.
.|
Prescription N/A Caution: Federal law restricts 21 CFR 801.109 Subpart D

R( Only

Use Only

this device to sale by or on the
order of a licensed medical
practitioner.
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Standard Title and Designation
Number

Reference

Symbol Symbol Title Number

Description

MR Unsafe N/A Indicates an item which poses | ASTM F2503-20
unacceptable risks to the
patient, medical staff, or other
persons within the MR
environment.

9. PRODUCT DESCRIPTION

The LungFit PH System generates nitric oxide (NO) from room air and delivers it to a mechanical
ventilator breathing circuit in a controlled concentration from 0.1 to 80 ppm NO. The attached nitric
oxide delivery module (NDM) measures the gas flow in the ventilator breathing circuit and delivers a
controlled flow of nitric oxide enriched gas into the breathing circuit. The device also incorporates a
gas monitoring system (with user-set alarms) for measuring the gas concentrations of nitric oxide,
nitrogen dioxide (NO.) and oxygen (Oz) in the ventilator breathing circuit just prior to inhalation by
the patient, via a sampling line.

The system is comprised of three sub-systems: The NO Generator with the NO: Filter, the Nitric
Oxide Backup and Bagging System, and the Gas Sampling and Monitoring System. Figure 1
shows the LungFit PH system. Figure 2 shows the LungFit PH Delivery and Backup System
Connectors. Figure 3 shows the back panel of the LungFit PH.
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LungFit°PH l

STATUS ALARMS

Filter Time: 12h 00m
Mains Power
Battery 100% =

0.(%) | NO,®em) | NO pm) | 5™
160

40

- 20

LOW  HIGH HIG Low  HIGH 0
B = 30 0 30 K

Bagging System Backup NO
injectof Line

BackupON
Backup FAIL

L

NO:Filter Release
+

| NOzFiltei Location |
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Figure 1: The LungFit PH System
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e s - T T e
Bagging System\ Backup NO

/ Injector Line
Backup ON @
Backup FAIL

Bagging System
Connector

Figure 2: LungFit PH Delivery and Backup System Connectors
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Screen Height

Locking Knob Screen Cable

Connector

Power Switch

Cart Bracket
Lock Insertion

Mains Power
Cable

Figure 3: Back Panel of LungFit PH

9.1 NO Generator and NO: Filters

¢ NO Generator

The NO generator subsystem produces nitric oxide (NO) from the oxygen and nitrogen in
ambient room air. Ambient air (containing approximately 21% oxygen and 79% nitrogen)
for the NO generation is drawn into the device by a gas pump. This air is passed through a
particulate filter (removing dust particles) and then to a flow meter that measures the air gas
flow. The pump and the flow meter are connected to a micro-controller that ensures the
required gas flow of air passes through the NO reaction chamber.
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e NO2 Filter

At the outlet of the NO generator is an NO: filter. Its function is to remove NO> from the
NO-containing gas flow before it is delivered to the ventilatory circuit. Electronic circuitry
in each filter is used to log filter usage to ensure it has not been depleted due to previous
use. There is one 1-micron filter on the inlet of the filter and one on the outlet of the NO>

filter.

A single filter will provide 12 hours of NO: filtering, regardless of NO concentration and
ventilator settings.

~ #ABeyond Air

- NO, Filter Ref 90008
Lot 19071181  Time 12 hours

Figure 4: LungFit PH NO: Filter

/'\ | CAUTION: Replace and Dispose of filter after 12 hours of use.
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9.2 Nitric Oxide Delivery Module (NDM)

The Nitric Oxide Delivery Module (NDM) (see Figures 5 and 6) measures gas flow in the
ventilator breathing circuit (flow sensor) and delivers nitric oxide gas mixture into the
inspiratory limb of the ventilator breathing circuit (injector line and adapter). The NDM is
placed close to the ventilator gas outlet (at least 6 inches/15 cm from the ventilator inspiratory
outlet and before the humidifier) to allow for proper mixing of nitric oxide enriched gas from the
NDM with the ventilator delivered gas flow.

NDM Cable

Humidifier
Chamber Inlet

Figure 5: Nitric Oxide Delivery Module, with Cable and Injector Line, Attached to
Humidifier Chamber Inlet
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NO Injector
Line Tubing

NO Injector
Adapter

Qe000D | | |

(&1} [
— L A —

Figure 6: NDM Assembly, comprised of NO Injector Adapter and Tubing, Flow Sensor. Flow enters the flow sensor and
exits through the injector adapter.

The disposable, single use NDM flow sensor provides a bidirectional, high speed/high accuracy, real
time measurement of gas flow in the ventilator breathing circuit, allowing for proper calculation of
the required nitric oxide flow output needed to maintain the set NO concentration.

& CAUTION: NDM kit components, except for the NDM Cable, to be used on one
patient only.
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9.3 Gas Sampling and Monitoring System

e Gas Sampling

The system includes a gas monitoring module, with alarms, for measuring and monitoring
the NO, NO; and the Oz concentrations in the ventilator circuit. This is done by sampling
the gas flow in the inspiratory limb of the ventilator breathing circuit near the patient
connection. The sampling line is attached on one end to the inspiratory limb of the
ventilator breathing circuit near the patient connection and to the LungFit PH System gas
sampling port at the other. A gas pump draws approximately 230 mL/min of gas from the
ventilator breathing circuit.

A hydrophobic filter and Nafion tubing are used to prevent condensation and liquid from entering
the internal sampling pump and sensors. The single use Gas Sample Line is shown in Figure 7.

o A

Filter Side,
Connects to PH
Device Sample Line
Luer Lock Fitting

Connects to
Ventilator Circuit
on Inspiratory Side
Before Patient Wye

Figure 7: Gas Sample Line

A | CAUTION: Single use sample line to be used on one patient only; discard if contaminated.

CAUTION: Aerosolized medications delivered before the sample may clog and obstruct
the sample line filter and trigger a low sample flow alarm.
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e  Monitor Screen and User Interface
The monitor screen and user interface are shown in Figure 8.

°PH

ALARMS Y

Lun

STATUS

Filter Time: 12h 00m
Mains Power
Battery 100% =

MENU

@ | O: | NO.(eem) | NO (epm) REA
| ZERO 2 2
2110 2
WY § ow HicH HIGH LOW  HIGH
4 18 - 3.0 10 30
ash o) NO
Adjustment

Wheel

Figure 8. LungFit PH System Monitor/User Interface

o STATUS Section

Filter time: Displays time remaining (hours and minutes) for the installed NO filter
Power: Displays current power source (Mains or Battery)
Battery: Displays current battery charge level in percent

o Monitor Section

02 (%): Displays monitored O concentration in percent
LOW: Displays Low O2 Alarm setting
HIGH: Displays High Oz Alarm setting
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NO2 (ppm): Displays monitored NO2 concentration in ppm

HIGH: Displays High NO2 Alarm

NO (ppm): Displays monitored NO concentration in ppm
LOW: Displays Low NO Alarm setting

HIGH: Displays High NO Alarm setting

NO Set (ppm): Displays current NO concentration setting as the filled in portion of
0-80 ppm vertical bar graph

Used in conjunction with the Adjustment Wheel to change NO concentration
delivered into the breathing circuit

o Alarm Indicator Section
Displays any active alarms or previous alarms that were not reset.

o Adjustment Wheel

Used to adjust settings for alarms and set NO concentration. Rotate wheel clockwise or
counterclockwise to adjust active setting or alarm then press wheel until it clicks to confirm

the setting.
o Buttons
Alarm Silence button
M UTE Press button during an active alarm state to silence alarm for 2 minutes.
Any new alarm that is triggered during this state will cancel the silenced
state.

a. High Priority Alarms: Audible alarms will be silenced for 2
minutes

b. Low Priority Alarms: Audible alarms will remain silenced;
visual indicators will remain as long as alarm is active

Oxygen Alarm button

O Press button once to adjust LOW oxygen alarm setting. Press button
2 . ) .
twice to adjust HIGH oxygen alarm setting.
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NO2 Alarm button
N 02 Press button to adjust HIGH nitrogen dioxide alarm setting.

NO Alarm button
Press button once to adjust LOW nitric oxide alarm setting. Press
button twice to adjust HIGH nitric oxide alarm setting.

NO Set button
Press button to initiate nitric oxide concentration adjustment.

Sensor Zero button

Press button to initiate a sensor zeroing operation. Note this can be
performed while system is delivering nitric oxide to a patient.

Sensor Calibration button
Press button to initiate a sensor calibration.

Menu Screen button

Press button to bring up menu section of STATUS Screen. On this
screen, further information can be obtained about Alarm History,
Backup Delivery System (filter duration), Brightness, Information,
Version, and Setting the Clock.
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9.4 The Nitric Oxide Backup and Bagging System

The integrated Backup NO delivery system is a completely independent backup NO generating
system that is separate from the main delivery system; it has its own NO generator and gas flow
delivery system. Backup NO flow can be delivered to one of two different locations by using the
System Selector switch located on the front panel of the LungFit PH system (see Figure 2).

System Selector Switch Position NO Flow Path
MAIN System (Center) Injector Line
Backup NO Injector Line (Right) Injector Line
Bagging System Connector (flow continues through
Bagging System (Left) Injector Line if NO concentration set above zero and
flow sensor detects flow)

Table 1: System Selector Switch Description

There are three positions available for the Selector Switch:

1.

MAIN System

When the Selector Switch is turned to “Main System” position, the main NO delivery system is
delivering NO through the injector tube to the NDM adaptor in the ventilator circuit at the level of
NO set on the user interface display as previously described.

Backup NO Injector Line

When the Selector Switch is turned to “Backup NO” position (which is most likely to occur if
there has been a failure of the main NO delivery system), the internal backup NO module is turned
on and delivers 1 L/min of 220 ppm of NO to the ventilator circuit through the same NO: filter and
injector tube as the main system. This provides a quick resumption of NO delivery with a
minimum time of interruption to the patient. The “Main” NO delivery system is turned off when
the Selector Switch is in this “Backup NO” position.

Bagging System
(See section 12 for details on how to set up the bagging system for LungFit PH)

When the Selector Switch is turned to “Bagging System” position, the backup NO module turns on
and delivers 1 L/min of 220 ppm of NO through a separate internal NO> filter to the Bagging
System connector on the front panel of the LungFit PH system. The Bagging System connector
has two tubing fittings: one for connecting to an air/oxygen source through oxygen tubing or
equivalent to provide an external flow of air/oxygen and the other to connect to a manual
resuscitator for manually ventilating a patient. The 1 L/min NO flow from the backup NO module
is added to this air/oxygen flow which dilutes the NO concentration down to therapeutic levels.
Final NO concentration will depend on the amount of external flow added; for example, a flow of
10 L/min will provide 20 ppm of NO to the patient (1:11 dilution). See Table 2 below for bagging
system dilutions.
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From LungFit PH:
lipm, 220ppm NO

Air/0O,
Dilution flow Delivered flow
10lpm 11lpm, 20 ppm NO

Figure 9: Dilution Flow and Final Bagging System Flow, Using 10 L/min dilution flow as an example.

A'r/F?;\ngen Delivered
(L/min) NO (ppm)
4 44
5 37
6 31
7 28
8 24
9 22
10 20
11 18
12 17
13 16
14 15
15 14
16 13
18 12
20 11

Table 2: Bagging System Dilution Table. External air/oxygen mixture is added to the 1
L/min/220 ppm NO flow from the LungFit PH to give a final NO concentration as indicated.
Total flow delivered will be the air/oxygen flow plus the 1 L/min from the LungFit PH.
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To check time remaining on Bagging System Internal NO: filter:
e Press MENU button

e Turn Control Wheel clockwise one click so that selection box is around
Backup Delivery

e Bagging Filter Duration time will be displayed in ALARMS section of screen
(see Figure 10)

e Press MENU button to return to Main Screen

LungFit°PH

Alarm History Bagging Filter Duration 45h 45m

Backup Delivery
Clock Set

NO Set (ppm)

O, (%) NO, (ppm) (Ppm) 80
60

2110.0 80 .

LOW  HIGH HIGH Low HIGH 10

18 - 3. 0 30

1
0 e

J

Figure 10: Bagging Filter duration displayed in ALARMS Section of Screen
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Room air is the carrier gas for the delivered nitric oxide. This allows the system to purge the delivery
lines when NO generation has been paused. Whenever a purge routine is active, Purging will appear
as a message in the STATUS section of the screen.

Automatic Purge Routines are:

e NO Set dose changed from >0 ppm to 0 ppm

o 10% of ventilator flow through the NO generation chamber and injector line (if attached) for 5
seconds

e NO delivery selector switched from Bagging System to MAIN System
o 6 second purge of backup NO generation chamber through the Bagging System Outlet port
e NO delivery selector switched from Backup NO to MAIN System

o 6 second purge of backup NO generation chamber through the Bagging System Outlet port
followed by a 2 second purge of 1 L/min through the ventilator outlet port

e  System power switched to OFF position
o 5 second purge through the NO generator chamber.

» Note that if an NO; filter is not installed, flow will exit through the right side NO: filter
port (nearest outer edge of device). If an NO: filter is installed, flow will exit through the
injector line port on the front of the device

o 2 second purge through the Backup NO generator chamber

9.6. Battery

The LungFit PH is equipped with 2 rechargeable Lithium lon batteries. Together, the LungFit PH
batteries provide up to 4 hours of run time when fully charged, under the following conditions:

e 2 hours of MAIN System when set to deliver 20 ppm NO at a flow of 10 L/min and

e 2 hours of NO Backup (Backup NO or Bagging System active) with MAIN System NO dose set
to zero.

The LungFit PH batteries are housed internally and can only be replaced by trained technicians.
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10. LUNGFIT PH SYSTEM SETUP

10.1 Nitric Oxide Delivery Module (NDM) Assembly

Attach the NDM cable to the flow sensor of the NDM:

e Align cable head with flow sensor so that locking tabs are lined up together and pins are lined up
with the pads (see Figure 11).

e Slide locking tab of cable head beneath locking tab of flow sensor.

e  Support the bottom of the flow sensor (side opposite to flow sensor pads) and press down on the
top of the cable head until locking clip clicks into place
(see Figures 11 and 12).

e Attach cylindrical end of NDM cable to NDM connector port of LungFit PH unit
(see Figure 13).

e Connect injector adapter tubing to Ventilator NO Outlet of LungFit PH by pushing the quick
connect fitting until it clicks into place.
(see Figures 14-16).

Locking Tab

Locking Tab

Pins on Cable

Pads on
Flow Sensor

Figure 11: NDM Flow Sensor and Cable Connector
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[

Flow Sensor

Figure 12: Cable Head attaéhed'io the -single use flow sensor. Note that the head sits flat on the sensor with no gaps and the locking clip
is locked in place.
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P Filter Time: 12h 00m
MENU Mains Power
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Figure 13: NDM & Gas sample line Connections to the LungFit PH Main Unit
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NDM Cable
(Dual Ridges
Facing Up)

Injector Line
Quick Connect Fitting

Figure 15: LungFit PH Injector Line Quick Connect Fitting
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Figure 16: Injector Line Quick Connect Adapter
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Injector Tubing

LungFit PH Quick - o
Quick Connect Fitting

Connect Fitting

Figure 17: Injector Line Properly Connected to LungFit PH. To insert, press the injector tubing quick connect fitting straight into the
LungFit PH quick connect fitting until it clicks into place. To remove, push the outer sleeve of the LungFit PH quick connect fitting back
until the tubing quick connect fitting pops out (spring release).
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10.2 Gas Sample Line setup

Connect the gas sample line with filter (Figure 7) to the LungFit PH system:
e Connect the sample line end with the filter to the Luer lock connection on the front of the
LungFit device (see Figures 13 and 15).
e The Nafion end of the sample line will attach to the Luer connection on either the
Verification Kit (see section 10.4, Figure 18) or the ventilator circuit (see Figure 19)

10.3 LungFit PH Startup

e Place the LungFit PH System in its ready state by turning power switch located on rear panel
of the device to ‘ON’ position (see Figure 3).

e The system will quickly go through a series of internal checks and tests and check for an
installed filter (typically 8-12 seconds). After this, it will immediately display sensor readings
and be ready to use.

e Observe for any alarm messages (in alarm indicator section) once startup sequence is
complete.

e Note: If a filter is not inserted when system powers on, the following messages are shown:

=  STATUS Section: Filter Not Found
=  ALARMS Section: Filter Not Detected

* |lluminated low Alarm indicator (Amber LED below MUTE button) with two (2)
audible beeps every 30 seconds.

e Pressing MUTE button will silence audible notification as long as alarm condition is
active (for low alarm conditions), until a new alarm is induced.

Install an NO: filter if one is not already in place

=  Observe that Filter Time reading is greater than 30 minutes. A new filter will result in a
displayed Filter Time of 12 hours.

* Note: Filter Time (time remaining on a 12-hour filter) is stored on the filter. The correct
Filter Time will be identified if used on a different LungFit PH unit.

Allow gas sensors to stabilize for at least 3 minutes

Zero gas sensors as per Section 16.1.

Complete a Verification Check (see next section)
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\\ 1 Verification Kit
’~ Component 1

= /
//
a
b
\ H \\
= \
\
\
\
\
\
\
: 2 Verification Kit
. )
C g /~ Component 2
/
/
/
/
/
/
/
Description Source
1 | Verification Kit Pre-assembled Component 1 Verification Kit
(Oxygen tubing, Oxygen Stem, Corrugated Tubing)
2 | Verification Kit Pre-assembled Component 2 Verification Kit
(Connector, Corrugated Tubing (x2), Connector with Sample Port)
a | NDM Flow Sensor Cable LungFit PH
b | NDM Pre-assembled Components NDM Kit
(Flow Sensor, Connector with Injector Port, Injector Line)
c | Sample Line Sample Line Kit

Figure 18: Verification Circuit, Assembled
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10.4 Verification Check

A

When to perform a Verification Check:

©)

(@]

1.

WARNING: Complete a Verification Check outlined in this manual at least once
per month.

Monthly, in conjunction with sensor calibration
Between patient uses

Running the Verification Check:

Assemble Verification Circuit as shown in Figure 18

1.1 Connect Oxygen Tubing from Verification Kit Pre-Assembled Component 1 to a 100%
oxygen source, typically with a 0-15 L/min flowmeter

1.2 Connect Corrugated Tubing from Verification Kit Pre-Assembled Component 1 to
NDM Kit Flow Sensor (b)

1.3 Connect NDM kit Connector with Injector Port (b) to the Straight Connector from the
Verification Kit Pre-Assembled Component 2

1.4 Connect the NDM Flow Sensor Cable (a) to the NDM Kit Flow Sensor (b)

1.5 Connect the Sample Line to the port on the Connector with Sample Port from the
Verification Kit Pre-Assembled Component 2

Connect NDM Flow Sensor Cable and NO Injector Line from NDM Kit to LungFit
PH System (see Figure 13)

Connect Sample Line (filter end) to Sample Inlet on LungFit PH System (see Figure 13)
Install an NO- Filter.

4.1 In STATUS Section of the main screen, observe remaining filter time, changing filter
as necessary.

Turn oxygen flow to 10 L/min

Test Backup System:
6.1 Turn Backup NO Switch to the position on the right (Backup NO Injector Line).
6.2 Allow equalization period of at least 30 seconds
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6.3 Observe stable monitored values:
NO NO2 (0]}
93 + 3%

20 = 6 ppm <2ppm

6.4 If the monitored values are not within the stated values above, complete the following
steps:

. Verify correct verification set up (see figure 18) and flow (10 L/min)
. Perform sensor zero and calibration if possible then repeat verification check
. Replace LungFit PH System if verification check fails

Test Main System:

7.1 Turn Selector Switch to “Main System”

7.2 Set the LungFit PH System ‘NO Set (ppm)’ value to 40 ppm.
7.3 Allow equalization period of at least 30 seconds

7.4 Observe stable monitored values:

NO NO> 02

+3%

40 + 8 ppm <2ppm 93

7.5 If the monitored values are not within the stated values above, complete the following
steps:

. Verify correct verification set up (see figure 18)

. Perform sensor zero and calibration if possible then repeat verification check
. Change NDM then repeat verification check

. Change NDM cable then Repeat verification check

. Replace LungFit PH System if verification check fails

Set the LungFit PH System ‘NO Set (ppm)’ value to 0 ppm
Turn System Selector Switch to center MAIN System position.
Verification check is now complete.

10.5 Monthly Procedures

The following procedures should be performed monthly:

o Complete zero and calibration of sensors

o Complete Verification Check

o Check bagging filter duration
LungFit PH System Operator’s Manual; PN 20038 Version: 9
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11. USING THE DEVICE
Figures 19 and 20 show how the system integrates with a ventilator circuit for use on a patient.

11.1 Setting up the ventilator circuit

. Place flow sensor/injector adapter (Nitric Oxide Delivery Module, NDM) on the inlet port of the
humidifier. Be sure that it is placed on the dry side of the humidifier chamber and that the flow
sensor is above (before) the injector adapter. (See Figure 19 for using with a conventional
ventilator circuit and Figure 20 for use with a Vyaire 3100A HFO ventilator)

e  Attach tube from the inspiratory outlet of ventilator to 22mm OD end of flow sensor.
e  Connect sample line to sample tee adapter.

. Place sample tee adapter in the inspiratory limb of the ventilator circuit, at least 18 inches
downstream of the NDM to ensure adequate mixing of nitric oxide with ventilator flow. Place
adapter close to the patient wye (approximately 6 inches from the patient wye) to accurately
measure inhaled NO, NOz and Os.

close at hand as a contingency in the event the LungFit PH System becomes

f WARNING: Always have an independent back up NO delivery system available
inoperative during a NO therapy session.

WARNING: The LungFit PH System sample line withdraws approximately
A 230 mL/minute of gas flow from the ventilator breathing circuit. Flow sensitivity

adjustment on the ventilator may be necessary to prevent auto-cycling of the
ventilator (repetitive triggering of mechanical breath).

WARNING: Place the gas sample line on the breathing circuit inspiratory limb and
A close to the patient connection (approximately 6 inches from patient wye, and at least

18 inches downstream from the NDM) to accurately measure inhaled NO, NOz and
O..
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LungFit PH
System

Sample NDM
Line with Filter Cable
NO Injector

Ventilator Line

Expiratory
Limb

Inspiratory
Limb Humidifier
=<~ Chamber

Figure 19: Connecting the LungFit PH System to a Mechanical Ventilator Circuit
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LungFit PH

System \

3100A
Ventilator

fABeyond Air

NO Injector
Line

/

Sample Port Humidifier

Adapter — Chamber
l:l;_l/

T

\Sample

Line with Filter

Figure 20: Connecting the LungFit PH System with the Vyaire 3100A HFO Ventilator
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11.2 Begin NO Therapy

(see Figure 21).

Press “NO Set” button on the front panel

o In “NO Set” portion of screen, a box will appear that contains current NO set point

(see Figure 21)

Set desired NO concentration on LungFit PH System:

o  Turn Adjustment wheel to adjust NO set point.

Observe that there are no Active Alarms, as indicated in ALARMS Section of the User Interface

o Accept new NO setting by pressing wheel until it clicks. The setpoint box and number will

disappear, leaving only the bar graph in place with the updated NO set point.

NO- and O, concentrations are in the desired range.

Set NO, NO2, and O alarms appropriately.

o ®
LungFit"PH
STATUS ALARMS
Filter Time: 12h 00m
Mains Power
Battery 100% ==
(%) m)
]ZERO O, (%) NO,®Pem) | NO (p

2000

CAL LOW HIGH HIGH Low HIGH
10

NO
'@

NO Set (ppm)

Figure 21: NO Set Adjustment. Note box around NO set point (17 on screen)
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CAUTION: Condensing humidity will impair the function of the sensors. In the
unlikely event that the sensor(s) gets wet, turn the unit on and sample room air to
allow the analysis module to dry out. Once dry, the sensors will function

normally.

WARNING: Adjustments to ventilator FiO2 may be required when administering
nitric oxide gas as the FiO> delivered to the patient may change due to the dilution
effect of the NO gas.

11.3 Changing an NO: Filter

WARNING: A non-expired NO> Filter must be properly installed at all times for
the LungFit PH System to function.
e Insert new filter as quickly as possible (within 15 seconds) to minimize

interruption of NO treatment
e If the filter is not installed, there will be no nitric oxide delivered through

the NO Injector Line Outlet
A e The device will not start if the installed NO> Filter is past its designated
usage time.

e The device will alarm (Change NOz2 Filter) if the installed NO; Filter is
past its designated usage time.
e Always have at least one spare NO> Filter available

e The process for changing the NO- filter is the same during a case or as part of the device set up.

e From the NO: filter package label, confirm filter is not past its expiry date
(see Figure 22). Note that the expiry date is also stored electronically on each filter and an
‘NO: Filter Expired’ alarm will be triggered if there is an attempt to use an NO- Filter past its
expiry date.
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( MABeyondAir

LungFit” PH NO, Filter 90008

XX Q) [d]

Time 12 Hours

Filter _g—wvw-mm ® R Only

Expiry Date
_ *+B882900080/5%
Beyond Air, Inc. 1221845946828/1
d 900 Stewart Avenue, Suite 301 6D20200601C*
Garden City, NY 11530 )

Figure 22: LungFit PH 12 Hour Filter Package Label with expiry date (arrow)

e Remove NO: filter from package
e Remove existing filter (see Figure 23):
o Press and hold NO: Filter Release button
o Hold NO:2 filter on outer side edges and pull it straight down

e Note: This can be either a one-handed or two-handed procedure
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Figure 23: One-handed removal of NO: filter

e Insert new filter by lining up the middle of the front face of the filter with the filter release
button and sliding vertically (see Figure 24). An audible ‘click” will be heard when it is fully
seated.

o Note: There is a tab on the filter insertion guide of the LungFit PH that acts as a guide for the
filter installation (see Figure 25). The slot on the back face of the NO- filter must be aligned
to this tab so that when the filter is slid in vertically it will be correctly aligned with the
LungFit PH filter fittings (see Figure 26).

o Note: The NO: filter clicks into place when the tab on the front face of the NO- filter is
locked in place by the locking clip on the LungFit PH (see Figure 27).
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Figure 24: New NO2 Filter lined up and ready to be slid in vertically

Figure 25: LungFit PH NO2 Filter Insertion Guide, with Tab (arrow).
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Figure 26: NO2 Filter correctly aligned on the LungFit PH Filter Insertion Guide. At this point, sliding the
filter vertically will align the filter openings with the LungFit PH fittings and result in a successful filter
installation, which is evident when the filter is clicked into place.
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Figure 27: NO2 Filter Successfully Installed and Locked in Place.

WARNING: A non-expired NO> Filter must be properly installed at all times for
the LungFit PH System to function.
e Insert new filter as quickly as possible (within 15 seconds) to minimize
interruption of NO treatment
o If the filter is not installed, there will be no nitric oxide delivered through

the NO Injector Line Outlet
e The device will not start if the installed NO> Filter is past its designated

usage time.

e The device will alarm (Change NO:2 Filter) if the installed NO; Filter is
past its designated usage time.

e Always have at least one spare NO> Filter available
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injector line
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one-way
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NO flow through
injector line
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installed

Figure 28: NO Flows Through the NO Injector Line when a NOz Filter is Installed in the LungFit PH

injector line @ NO flow from
connector generator
chamber
Zero NO flow '
N1 : — NO, filter
through injector line! NOT installed

Figure 29: Zero NO Flow Through the NO Injector Line when a NO2 Filter Is NOT Installed in the LungFit PH
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e Confirm that new filter is recognized by LungFit PH system by observing updated value for

Filter Time in STATUS Section (see Figure 30).

LungFi

STATUS

Filter Time:12h 00m
MENU Mains Power
Battery 100% ==

Figure 30: Filter Time remaining (12h 00 m) on STATUS section of User Interface
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11.4 Adjusting Alarms

WARNING: Ensure NO, NO2, and O alarms are set to acceptable limits when
delivering NO to a patient.

e Press alarm adjustment button for the desired parameter (see Figure 31). Press button the
appropriate number of times to access desired alarm parameter:

o O2 Low: Press once
High: Press twice

o NO2 High: Press once

o NO Low: Press once

High: Press twice

e Observe that the alarm that is selected has a box around the displayed value

e Turn Adjustment Wheel (see Figure 31) to desired alarm level, as indicated by small number below
alarm label.

e  Press wheel until it clicks to confirm new value.

e Default alarm values:

o 02

e Low: 18%

e High: -- (OFF)
o NO

e Low: 10 ppm

e High: 100 ppm
e} NO2:

e High: 3 ppm
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LOW NO Alarm
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Figure 31: Setting the Low NO Alarm on the LungFit PH

11.5 Adjusting NO Concentration

e Press NO SET button on User Interface panel. The current NO set value will appear in a box to the
left of the bar graph (see Figure 32).

e  Turn Adjustment Wheel until set point reaches desired NO concentration level.

e  Press Adjustment Wheel until it clicks to confirm new value. The set value box will disappear, and
the new NO setting will be shown in the bar graph.
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LungFit®PH

Filter Time: 12h 00m
Mains Power
Battery 100% ==

NO Set (ppm)
80

O, (%) NO,®pm) | NO (ppm)
60

21 OO 0. :

LOW HIGH HIGH LOW HIGH 10
10 1

NO
SET

Figure 32: Setting the NO Concentration on the LungFit PH

11.6 Pausing Therapy

e Set NO concentration on LungFit PH System to zero (0)

o Note the system will automatically purge the tubing between the NO generation chamber and the
NDM adapter (including the NO injector line) with room air immediately after the concentration
is set to zero. As a result, a NO2 purge step is not required when returning to NO therapy after a
prolonged pause. See Section 9.5 for details on Automatic Purge Cycles.

e  Observe that NO and NO2 concentrations return to zero.
o Note that Filter Time will not decrease when NO is set to zero (0) ppm.

e To restart nitric oxide delivery, simply set a NO value above zero. Purging of the injector line is not
necessary.

o The device will automatically purge the injector line with room air when NO is initially set to
zero, removing the need to purge the injector line of NO2 upon restart.
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11.7 Adjusting time and date
e Press MENU button to display Menu screen in STATUS area of the display.
e Use control wheel to select Clock Set, indicated by a box surrounding the text (Figure 33)
e Press control wheel to confirm selection of parameter.
e Use control wheel to change selected parameter to the desired value.
e Press control wheel again to confirm the value.

e When all parameters are adjusted, press MENU button to return to the main page in the

STATUS section.
)
LungFit°PH
ungri
STATUS ALARMS
Alarm History Date: 7/23/21 HVIUTE:
Backup Delive Time: 12:19:34 \ )
ven B — .
@ | O,% | NO,eem) | NO (ppm) | "™
|ZERO| “
40
77— N [ ] ™ 20
[ CAL | LOW HIGH HIGH LOW  HIGH 10
\ 4 18 - 3.0 10 30 1

T (G NO
e & NO
N )/ SET

Figure 33: Clock Set Screen
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11.8 Backup Delivery Menu Page

e Press MENU button to display MENU screen in STATUS area of the display.

e Use control wheel to select Backup Delivery, indicated by a box surrounding the text.

e  Press control wheel.

¢ Information on Bagging Filter Duration will appear in the ALARMS section of the screen (see

Figure 34).

o Note that a new Bagging Filter has a 48-hour capacity, and the duration decreases only when

the front panel switch is in the Bagging System position

Press MENU button to return to the main screen in the STATUS section.

-

~

MUTE |

1®
LungFit"PH
STATUS ALARMS
Alarm History Bagging Filter Duration 45h 45m
Backup Delivery |
Clock Set
NO Si
0.(%) | NO,em | NO (ppm) sl i
2110.0/0.0
LOW  HIGH HIGH LOW  HIGH
18 - 3.0 10 30 1

L
80
60
40
20
10

7 N Vi \
o
./ .

NO )
SET

Figure 34: Backup Delivery Screen
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11.9 Alarm History
e Press MENU button to display Menu screen in the STATUS area of the display.

e Use control wheel to select Alarm History, indicated by a box surrounding the text
(see Figure 35)

e Press control wheel.

e The 4 most recent alarms will be displayed in the ALARMS section of the display, along with
time of occurrence.

e Use control wheel (clockwise direction) to scroll down to view earlier alarms

e Press MENU button to return to the main screen in the STATUS section. If MENU button is
not pressed, the STATUS section will return to the Main Screen after 15 seconds of inactivity.

LungFit®PH

STATUS ALARMS

Alarm History Filter Not Detected 7-23-2021 12:17:33

Filter Not Detected 7-23-2021 12:17:15
Power Up 7-23-2021 12:17:15
Low Sample Flow 7-22-2021 8:22:33

Backup Delivery
Clock Set

0,%) | NO,®pm) | NO (pm) | "™

60

2 OO 0.0 =

LOW HIGH HlGH LOW HIGH 10
1

NO
SET

Figure 35: Alarm History Screen
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11.10 Brightness Adjustment

e Press MENU button to display Menu screen in the STATUS area of the display.

e Use control wheel to select Brightness, indicated by a box surrounding the text
(see Figure 36).

e Turn control wheel to choose appropriate screen brightness.
e Press control wheel to accept adjusted value.

e Press MENU button to return to main screen in the STATUS section. If the MENU button is
not pressed, the STATUS section will return to the Main Screen after 15 seconds of inactivity.

LungFit®PH

STATUS ALARMS

Alarm History Brightness: [5_]

MENU Bapkup Delivery
Brightness

O S
= | 0:® | NO.eem) | NO pm) | ™ =ib"
\ UO

| CAL LOW HIGH HIGH |_1o(\§v HIGH

o ® o

D =
m
@

Figure 36: Brightness Adjustment Screen
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11.11 Information Screen
e Press MENU button to display Menu screen in the STATUS area of the display.

e Use control wheel to select Information, indicated by a box surrounding the text (see Figure
37).

e Information contained on this screen contains calibration status of internal components.

e Press MENU button to return to the main screen in the STATUS section. If the MENU button
is not pressed, the STATUS section will return to the Main Screen after 15 seconds of
inactivity.

/

LungFit®PH

40
20
| CAL Low HIGH HIGH L?(\;V HIGH 10
1

NO
*@

STATUS ALARMS
Brightness Spark Cal: 6-23-2021- DC .
MENU ) Clock Set
information | .
NO Set (ppm) £
(%) m m)
(ZERO O.(®) | NO,rm) | NO (p 5 I

Figure 37: MENU Information Screen

11.12 Maintenance

e The LungFit PH requires a preventative maintenance (PM) check every 1000 hours of operational
use, defined as the accumulated time when the device is actively generating nitric oxide.

o Accumulated time does not include time when the system is powered ON and NO set is at Oppm.

o When the system timer reaches 800 hours since the previous PM check, a low priority alarm
(Maint. Due <200 hrs) will be generated. This alarm will be present until the device is serviced.

e Do not service or maintain any parts of the LungFit PH while in use.
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11.13. Changing components during use

e The following components may be changed while the LungFit is in use (if necessary):
o Sample Line and Filter
o Nitric Oxide Delivery Module (NDM)

= Note that no nitric oxide will be delivered to the ventilator circuit when the NDM is not
attached to the LungFit PH and installed in the ventilator circuit

o NOg3 Filter

=  Note that no nitric oxide will be delivered to the ventilator circuit when the NO filter is not
installed in the LungFit PH (see Figure 29).

»=  The Bagging System may be used to supply NO to the patient when an NO: filter is not
installed. See Section 12.

WARNING: A non-expired NO> Filter must be properly installed at all times for
the LungFit PH System to function.

e Insert new filter as quickly as possible (within 15 seconds) to minimize

interruption of NO treatment
o If the filter is not installed, there will be no nitric oxide delivered through

the NO Injector Line Outlet
e The device will not start if the installed NO> Filter is past its designated
usage time.
The device will alarm (Change NO; Filter) if the installed NO- Filter is past its
designated usage time.
e Always have at least one spare NO> Filter available

e List of external accessories (which can be changed during use) and internal components (which will be
changed in servicing):

External Accessories Internal Components
Changed at point of care Changed by technical service
NO: Filter Bagging Filter
NDM and Bagging Kits 02, NO, and NO2 Sensors

Sample Line Batteries
NDM Flow Sensor Cable
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12. USING THE BAGGING SYSTEM NO/O, OUTLET

LungFit”PH

21|00|20| &
o 0 O 9

mmmmmmmmmm

#ABeyond Air

Air/O2 source
Hospital-Supplied

Oxygen tubing Equipment

A | 1/4"ID PVC tubing (6" length)

B | with lwerlock andcap | PN 9000
C | O2tubing connector

D Sample Line with Filter P/N 90022
E | LungFit PH system P/N 90001
a

b

c

Manual resuscitator

Figure 38: Bagging System Circuit Connections

¢ Note that the LungFit PH Bagging System uses a separate, internal, NO: filter rated at 48
hours when new. To check the time remaining on this internal NO: filter, follow the steps
outlined in Section 11.8.

o The Bagging System will provide NO flow even when the main (external) NO- filter is not
installed.
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e Attach oxygen source gas to the Oz Inlet connector (Figure 38, item a. and b.).

e Attach Bagging System Circuit to the NO/O> Outlet of the Bagging System Connector
(see Figure 38).

e Attach resuscitator oxygen tubing to the open barbed fitting of the Bagging System Circuit.

Ensure that appropriate dilution flow is added to the O Inlet of the LungFit PH
(Table 3 below)

o Note that the LungFit PH provides 220 ppm NO (balance air) at a total flow of
1 L/min

o Use the LungFit PH Bagging System with diluting flows above 2 L/min to maintain
delivered NO concentrations below 80 ppm.

Diluting Flow _ Total Final NO_
Added (L/min) Dellvereq Flow Concentration
(L/min) (ppm)

2 3 73

3 4 55

4 5 44

5 6 37

6 7 31

7 8 28

8 9 24

9 10 22

10 11 20

11 12 18

12 13 17

13 14 16

14 15 15

15 16 14

Table 3: NO Bag Outlet Dilution Flow Effect on Final NO Concentration

e To monitor the gas going to the patient, attach the sample line to the sample T luer port in the
bagger circuit (see Figure 38).

o Turn Backup/Bagger Switch to Bagging System Connector position to initiate NO flow

o  This will trigger a Low Priority alarm with NO Bagging System On message in the Alarm
Display Section
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= There will be a single audible beep every 15 seconds while the main switch is set to the
Bagging System (left) position. The audible alarm can be silenced with the MUTE button.

= The amber LED will remain lit while the switch is in the Bagging System position

o Note: NO flow will continue to be delivered to the ventilator circuit at the set NO concentration
as long as there is flow through the ventilator circuit

o Ifgas is being monitored, observe monitored values for appropriate NO, NOz, and O levels
being delivered to the patient.

o Once Bagging System usage is complete, return to Selector Switch to Main System (center)
position

o Reconnect ventilator circuit to the patient endotracheal tube (ETT)

o If applicable, move the sample line from the Bagging System circuit to the ventilator circuit
sample tee

o  Confirm return of acceptable measured NO, NOz, O, values in the ventilator circuit (if
applicable)
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13. USING THE BACKUP NO SYSTEM

WARNING: The Backup NO System introduces a fixed flow (1 L/min) and NO
concentration (220 ppm) through the injector line into the NDM. The final
delivered concentration will depend on the ventilator circuit flow.

e When using the integrated backup with breathing circuit gas flows of 5 L/min, the
{ i E delivered NO dose will be approximately 40 ppm. Breathing circuit gas flows less
than 5 L/min will deliver an NO dose greater than 40 ppm.

e The Backup NO System is intended for short term use when the main
NO delivery system fails. Use only until a replacement NO system can
be placed in use.

e An NOg; Filter must be installed when using the Backup NO System

e The Backup NO System delivers a variable concentration of NO to the
patient that depends on the ventilator flow used.

e Turn Selector Switch to Backup NO Injector Line position (Figure 2) to initiate NO flow into the
(NO) injector line and maintain the ventilator circuit setup with the sample line for monitoring.

o Backup ON blue LED on front panel will be lit
o  ‘Backup NO’ message will appear in STATUS section of the screen (see Figure 39).

B

STATUS

Backup NO

Filter Time: 12h 00m
MENU Mains Power

Battery 100% ==

0. | N

Figure 39: Backup NO notification in the STATUS Section of the screen
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e Note that:
o NO flow to the NDM will be 1 L/min at a NO concentration of 220 ppm

o The LungFit PH system will not deliver the set NO dose while the switch is in the Backup NO
Injector Line position

o Todeliver NO flow, a NO filter must be in place.

= if not present, Filter Not Detected high priority alarm will trigger when Selector Switch is
placed in Backup NO Injector Line position

o When monitored NO value exceeds 100 ppm, device will automatically switch to Backup NO
generator, delivering NO at 220 ppm at a flow of 1 L/min through the injector line

» “Backup ON” blue LED on front panel will be lit

= NO will continue to be delivered through the injector line by the Backup NO
generator until device is powered down whether Selector Switch is set to Main
System or Backup NO

= SET NO button will be disabled
= Main Delivery Generator will be disabled

= Bagging System with manual resuscitator will work normally
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14. COMPLETING THERAPY

WARNING: Avoid abrupt discontinuation of NO. To wean NO down, titrate in
several steps, pausing several hours at each step to monitor for hypoxemia.

WARNING: Abrupt discontinuation of NO may lead to worsening

oxygenation and increasing pulmonary artery pressure, i.e., Rebound Pulmonary
A Hypertension Syndrome. Signs and symptoms of Rebound Pulmonary
Hypertension Syndrome include hypoxemia, systemic hypotension, bradycardia,
and decreased cardiac output. If Rebound Pulmonary Hypertension occurs,
reinstate NO therapy immediately.

e  When NO therapy is no longer required:
o Adjust NO setting to zero

o Remove NDM assembly and gas sample line connector from ventilator circuit. Do not discard
the NDM cable.

o Turn off LungFit PH System.
o Prepare LungFit PH System and black NDM cable for Cleaning and Reprocessing (Section 19).

o Discard the single-use gas sample line and remaining NDM assembly components.

CAUTION: To maintain LungFit PH batteries in a charged state, keep system
& plugged in between uses.

CAUTION:

e DO NOT sterilize.
& e DO NOT clean any parts with acetone or other strong solvents.
e DO NOT immerse or allow water or any other liquid to enter the device
or housings.
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15. REMOVING THE LUNGFIT PH SYSTEM FROM THE CART

e Loosen the locking bolt securing the bracket to the LungFit PH (see Figure 40). The LungFit PH
System can now be removed from the cart, if needed.

Figure 40: LungFit PH Cart Bracket with Locking Bolt
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16. GAS MONITOR CALIBRATION PROCEDURE

CAUTION: Calibrate the sensors at least once a month, or more frequently if
needed, to ensure the device monitors the gases in the breathing circuit correctly.

16.1 Zero NO, NOz2, and Oz Sensors
e Zero the LungFit PH sensors prior to use (at start up) and daily while in use.

e Note: The sample line does NOT have to be placed in room air prior to zeroing the sensors. The
LungFit PH uses an internal valve to sample room air during a zero procedure.

e On the front panel of the LungFit PH System (Figure 8), press Zero button to the left of the
screen for at least one second.

o When the zeroing function begins, the new zero values and the values shown in the Monitor

section are replaced with dashes (‘= =) .

o As each parameter completes its zeroing, it will return to a numerical (measured) value. Note
that each parameter may complete its zeroing at a slightly different time.

o To cancel in-progress zeroing, press either the ZERO button or click the adjustment wheel.
The message Cancelled Zero will appear in the STATUS section of the screen. Note that the
previous zero values will be maintained.

o Once all parameters have returned to measured values and ‘Zeroing’ no longer appears in the
STATUS section of the screen, zeroing is complete.

e If the Calibration Error low priority alarm message is observed:
o Repeat zero procedure.
o Ifitfails a second time, replace system.

e If further calibration is needed, proceed to the next section, using the setup shown in Figure 41. If
not, the system will automatically resume active gas monitoring.
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16.2 Calibrate NO Sensor

LungFit PH
System

Calibration
Circuit

/

#A Beyond Air

Calibration_—"". Calibration
Regulator . A&/Ilnder

Figure 41: Calibration Setup

e Turn valve on the calibration regulator to its fully open position (fully turn counter- clockwise
to open)

e Connect calibration regulator and sample tee to the NO calibration cylinder (45 ppm NO
balance N.). Confirm there is greater than 100 psi in the cylinder.

e Connect the LungFit PH System Sample Line to female luer fitting of the calibration circuit
(see Figure 41)

e  Connect the other end of the Sample Line to the Sample Inlet of the LungFit PH System.

e Allow NO reading to stabilize for 2 - 4 minutes, or until reading has not changed for at
least 30 seconds.

e Press CAL button on the front panel of the LungFit PH System. The Press Gas to Cal
message will appear in the STATUS section of the screen.

e Press the NO button; verify that the Calibrating NO message is shown in the Alarm Status
section.
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The NO reading shown in the Monitor section will change to “===" to indicate that
calibration has been initiated.

To cancel in-progress calibration, press either the CAL button or click the adjustment wheel.
The message Cancelled Cal NO will appear in the STATUS section of the screen. Note that
previous calibration values will be maintained.

€6 0

Once the calibration is complete, will be replaced by a number.

The NO reading should be 45 £2 ppm and remain stable for at least 30 seconds.
If the above value is not observed, or if a Calibration Error alarm is triggered:
= Check calibration gas being used is the correct concentration (45ppm) and not past its
expiration date, and connections are tight
=  Repeat NO calibration
= |fit fails a second time, replace system.

16.3 Calibrate NO2 Sensor

o

Turn valve on calibration regulator to its fully open position (fully turn counter- clockwise to
open)

Connect calibration regulator and sample tee to NO2 calibration cylinder (10 ppm NO2 balance
air). Confirm there is greater than 100 psi in cylinder.

Connect female luer fitting of calibration circuit to LungFit PH System Sample Line (see
Figure 41).

Connect the other end of the Sample Line to the Sample Inlet of the LungFit PH System.

Allow NO: reading to stabilize for 2 - 4 minutes, or until reading has not changed for at least
30 seconds.

Press CAL button on the front panel of the LungFit PH System (see Figure 8). The Press Gas
to Cal message will appear in the STATUS section of the screen.

Press NO:2 button; verify that the Calibrating NO2 message is shown in the Alarm Status
section.

The NOz2 reading in the Monitor” section will change to “===" to indicate that

calibration has been initiated.
To cancel in-progress calibration, press either the CAL button or click the adjustment wheel.
The message Cancelled Cal NO2 will appear in the STATUS section of the screen. Note that
previous calibration values will be maintained.

LungFit PH System Operator’s Manual; PN 20038 Version: 9

Page 71 of 111



|
- {
‘ <

e  Once calibration is complete, “===" will be replaced by a number.
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e NO2 reading should be 10 £2 ppm and remain stable for at least 30 seconds.
o Ifthe above value is not observed, or if a Calibration Error alarm is triggered:

=  Check calibration gas is the correct concentration (10 ppm) and not past its expiration
date, and connections are tight

= Repeat NO: calibration

= Ifit fails a second time, replace system.

16.4 Calibrate O2 Sensor

e Connect a 100% O> gas source to the Verification Circuit with a flow of at least 8 L/min (see
Figure 18).

e Allow O reading to stabilize for 2 - 4 minutes, or until the reading has not changed for at least
30 seconds.

e Press the CAL button on the front panel of the LungFit PH System (see Figure 8). The Press
Gas to Cal message will appear in the STATUS section of the screen.

e Press O2 button; verify that the Calibrating O2 message is shown in the Alarm Status section.

e The Oz reading will change to “---" to indicate that calibration has been initiated.

o To cancel in-progress calibration, press either the CAL button or click the adjustment wheel.
The message Cancelled Cal Oz will appear in the STATUS section of the screen. Note that
previous calibration values will be maintained.

e  Once the calibration is complete, the ‘---‘will be replaced by a value that is 100 +3%.

e The O reading should be 100 £3 % and remain stable for at least 30 seconds.

o If the above value is not observed, or if a Calibration Error alarm is triggered:
= Check calibration gas is correct, and connections are tight
= Repeat the O> calibration
= Ifit fails a second time, replace the system.

16.5 Sensor Replacement

Contact a Beyond Air customer support representative to arrange for LungFit PH sensor
replacements.
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The following are descriptions of alarms in the LungFit PH System. Alarms are displayed in the Alarm
Indicator section of the front display.
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17.1 Alarm mute High Priority: Active alarm is Note: A new alarm will override the mute
icon muted for 120 sec, counts down
in seconds
Low Priority: Active alarm is
muted
17.2 Backup On Indicator (Blue) Active whenever a Backup system is ON
(Selector Switch is in either Bagging System or
Backup NO Injector Line position)
17.3 Bagging On Low Priority Selector Switch set to Bagging System (Left
Visual (yellow) and audible side position)
17.4 Calibration Low Priority During calibration, flow in the sample line is
Error Visual (yellow) and audible low (<180 mL/min) or an incorrect supply gas is
detected.
175 Change Low Priority Bagging filter time exceeded, requiring filter
Bagging Filter | Visual (yellow) and audible replacement (48-hour capacity when new)
17.6 Change NO: Low Priority Time remaining on NO: Filter is less than 30
Filter Visual (yellow) and audible minutes
17.7 Change NO; Low Priority Time remaining on NO; Filter is less than 10
Filter Visual (yellow) and audible minutes
17.8 Change NO: High Priority Time remaining on NO: Filter is less than 2
Filter Visual [flash red] and audible minutes
17.9 Filter Not Low Priority NO; filter not detected when NO dose is set to
Detected Visual (yellow) and audible zero and Backup NO not engaged
17.10 | Filter Not High Priority NO: filter not detected when NO dose set to
Detected Visual [flash red] and audible > zero or Backup NO engaged
17.11 | High NO High Priority Activated when the NO monitored value is
Visual [flash red] and audible greater than the user adjusted High NO alarm
setting (5 -100ppm)
17.12 | High NO; High Priority Activated when the NO, monitored value is
Visual [flash red] and audible greater than the user adjusted High NO; alarm
setting (1 — 5ppm).
17.13 | High O; High Priority Activated when the O, monitored value is
Visual [flash red] and audible greater than the user adjusted High O alarm
setting (21 — 100%).
17.14 | Invalid Filter | Low priority Invalid NO:; filter detected. Active only when
Visual (yellow) and audible NO dose is set to 0 ppm
17.16 | Invalid Filter | High Priority Invalid NO; filter detected. Active when NO is
Visual [flash red] and audible set to >0ppm or Backup NO System activated.
17.17 | Low Battery Low Priority Battery voltage < 30% (approximately 30
Visual (yellow) and audible minutes remaining)
17.18 | Low Battery High Priority Battery voltage < 10% (approximately 10

Visual [flash red] and audible

minutes remaining)
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17.19 | Low NO High Priority Activated when the NO monitored value is less
Visual [flash red] and audible than the user adjusted Low NO alarm setting
(range 0 to 70 ppm).
17.20 | Low O, High Priority Activated when the O, monitored value is less
visual [flash red] and audible than the user adjusted Low O; alarm setting
(18 — 90%).
17.21 | Main Delivery | High Priority Active when there has been a failure in the NO
Failure Visual [flash red] and audible delivery due to an internal component failure.
17.22 | Mains Power | Indicator Mains power connected
Visual (green)
17.23 | Maint. Due Low Priority The 1000-hour preventative maintenance check
<200hrs Visual (yellow) and audible is due within 200 hours.
17.24 | Monitoring High Priority Internal failure(s) of the monitoring function;
Failure Visual [flash red] and audible monitoring system is no longer functioning
correctly or sample flow >350 mL/min
for 10 seconds
17.25 | NDM High Priority When the NO delivery is set to above 0 ppm and
Backwards Visual [flash red] and audible the flow through the NDM is in the reverse
direction (see Figure 6 for proper direction)
*** Note: the LungFit PH will NOT deliver
Nitric Oxide when the NDM is in backwards
17.26 | NDM Failure | High Priority When the NO delivery is set to ON and the
Visual [flash red] and audible NDM is not detected; or a fault is detected with
the NDM
17.27 | NO Backup High Priority Selector Switch turned to Backup NO Injector
Failure Visual [flash red] and audible Line position and flow through the NO Backup
System < 700 mL/min for 10 seconds (1 L/min
is specified flow rate)
17.28 | NO Bagging High Priority Selector Switch turned to Bagging System and
Failure Visual [flash red] and audible NO flow < 700 mL/min for 10 seconds (1 L/min
is specified flow rate)
17.29 | NO; Filter Low Priority The NO; filter expiry date has passed, measured
Expired Visual (yellow) and audible as 1% day after the expiry date on the filter
package label
17.30 | NO Sensor High Priority Internal NO sensor problem
Fail Visual [flash red] and audible
17.31 | NO; Sensor High Priority Internal NO; sensor problem
Fail Visual [flash red] and audible
17.32 | Oz Sensor Fail | High Priority Internal O2 sensor problem
Visual [flash red] and audible
17.33 | Sample Line High Priority Gas sample flow rate is less than 180 mL/min
Blocked Visual [flash red] and audible for 5 seconds
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18. TROUBLESHOOTING GUIDE

When you see this alarm... Do this...

o Ifan NO; filter is NOT installed:
= NO cannot be delivered through the Injector Line!
= Install an NO; filter, or,
=  Use Bagging System with Manual Resuscitator

o If an NO; filter IS installed:

Filter Not Detected * Note:
e NO will continue to be generated if NO set >Oppm
(High Priority: NO set > Oppm) prior to alarm
(Low Priority: NO set = Oppm) e NO cannot be set if NO set at Oppm prior to alarm

= |nstall a new NO; filter, or,
= Use Bagging System with Manual Resuscitator
o Replace LungFit PH if alarm does not clear
e See Figure 42 for algorithm

e Note: If monitored NO level is above 100ppm, system will
automatically switch to Backup System until machine is powered
down

e  Ensure alarm is set to a clinically appropriate level

= |f NO value is within 20% of set NO value, adjust to 20% of set
NO value
= |f NO value is NOT within 20% of set NO value:

o Complete zero calibration and check sensor accuracy by
measuring NO calibration gas

o Ensure ventilator flow range is within operating
specifications of the LungFit PH

o Complete NO sensor calibration, if possible

= Replace LungFit PH if alarm does not clear
See Figure 43 for algorithm

High NO

(High Priority)

Ensure alarm is set to a clinically appropriate level
= [f NO; level is above a clinically appropriate level:
o Decrease FiO2 (if appropriate)
o Decrease NO (if appropriate)
o Increase ventilator bias flow (if possible)
o Change NO; filter
e Replace LungFit PH if alarm does not clear
e See Figure 44 for algorithm

High NO;

(High Priority)

Low O3 e Ensure alarm is set to clinically appropriate level
(High Priority) e Adjust FiO, using the ventilator settings
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When you see this alarm... Do this...
o Check power cord connection to LungFit PH and power source
Low Battery o Unplug and re-plug power cord to LungFit PH

o Unplug and re-plug cord to power source
(High Priority: <10% battery life) e If above steps do not return Mains Power message in screen
(Low Priority: <30% battery life) STATUS Section: Replace LungFit PH
See Figure 45 for algorithm
Main Generator not delivering NO while alarm is active!
e Initiate Backup System
o Switch to Backup NO (delivered through Injector Line), or,
o Switch to Bagging System (delivered with Manual Resuscitator)
¢ Note: If monitored NO level > 100ppm, system will automatically
switch to Backup System until machine is powered down
o NOis generated by Backup System whether switch is in Main or
Backup NO position
o NO will be delivered at 1 L/min and 220 ppm through the
injector line
o Bagging system will continue to perform normally at 1 L/min and
220 ppm
e Replace LungFit PH
e See Figure 46 for algorithm
Monitored gas values may not be accurate when this alarm is active!
o Disconnect filter from LungFit PH, then plug end of filter (to
prevent vent leak)
e If alarm does not clear within 30 seconds with open inlet, replace
LungFit PH
e See Figure 47 for algorithm
NO will not be delivered if Selector Switch in MAIN System position!
Note: Active only when NO set >0 ppm
e Steps:
1. Check that NDM is in correct orientation relative to flow
= arrow points in direction of flow
= correct orientation if required
2. If NDM was already in correct position:
= |nitiate Backup System
e Switch to Backup NO Injector Line, or,
e Switch to Bagging System with Manual Resuscitator
= Replace NDM
= Check/Troubleshoot circuit flow
e Replace LungFit PH if alarm does not clear
e See Figure 48 for algorithm

Main Delivery Failure

(High Priority)

Monitoring Failure

(High Priority)

NDM Backwards

(High Priority)
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When you see this alarm... Do this...

NO will not be delivered if Selector Switch in MAIN System position!
Note: Active only when NO set >0 ppm
e Initiate Backup System
o Switch to Backup NO Injector Line, or,
o Switch to Bagging System with Manual Resuscitator
e Steps (in order, until alarm resolution):
1. Replace NDM cable
2. Replace NDM
e Replace LungFit PH if alarm does not clear
e See Figure 49 for algorithm

NDM Failure

(High Priority)

NO is not being delivered through the Injector Line!
Note: Active only when Selector Switch in Backup NO Injector Line
position
e Check/correct Injector Line for kink or blockage
e If no obstruction found, switch to alternative method of NO
(High Priority) delivery:
o Use Bagging System with Manual Resuscitator, or,
o Use MAIN System (if possible)
e Replace LungFit PH
See Figure 50 for algorithm

NO Backup Failure

NO is not being delivered through the Bagger Connector!
Note: Active only when Selector Switch in Bagging System position
e Check/correct resuscitator supply tubing for kink or blockage

NO Bagging Failure o Continue using device if blockage found and alarm cleared
e If no obstruction found, switch to alternative method of NO
(High Priority) delivery:

o Use MAIN System (if possible)
e Replace LungFit PH
See Figure 51 for algorithm

e If alarm activated during normal use, replace LungFit PH
e If alarm activated during sensor calibration:

NO/NO,/0O, Sensor Failure o Confirm appropriate calibration gas
o Check calibration circuit for leaks
(High Priority) o Recalibrate sensor

= [f alarm does not clear, replace LungFit PH
See Figure 52 for algorithm
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When you see this alarm... Do this...

Monitored gas values may not be accurate when this alarm is active!
e Disconnect Sample Line Filter from LungFit PH, plug end of Sample
Line Filter (to prevent vent leak)
o Ifalarm does NOT clear, replace LungFit PH
o If alarm clears, replace Sample Line and Sample Line Filter
o If alarm re-activates with new sample line and filter, replace
LungFit PH
o If alarm does NOT reactivate, continue with current
LungFit PH
e see Figure 53 for algorithm

Sample Line Blocked

(High Priority)

Change Bagging Filter e Replace the LungFit PH and return the current device to be serviced
(Low Priority) to replace the internal Bagging Filter
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NO:; Filter
Installed?

No

No NO can be delivered
through Injector Line!

|
Install ¢ Use Bagging System with
NO: Filter Manual Resuscitator

Install New
NO: Filter

Use Bagging System with
Manual Resuscitator

Alarm
cleared?

v

Yes

Continue using

No LungFit PH

Replace

LungFit PH

Figure 42: Filter Not Detected Algorithm
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Yes

v

Main Delivery Failure Alarm
(see Delivery Failure algorithm) 1

Alarm set to clinically appropriate value?
Yes * Adjustable Range: 10-100 ppm No
* Default: 100 ppm

A\ 4

S

Monitored NO value >100ppm? | === No

A

NO value within
+20% of set NO?

Set appropriate alarm limit

Yes

;

Adjust Hi NO Alarm
No to 220% of set NO

4 l
Complete zero calibration
and check sensor accuracy Continue with current
by measuring w/NO LungFit PH
calibration gas

) S
\ 4

A 4

NO value equal to calibration tank Yes
value + 10% (40-50 ppm)?
L 4
1 Ventilator flow within operating
specifications of the LungFit PH? Yes
No

(Circuit flow > 0.5L/min?)

1 J

Replace
I Calibrate NO sensor, if No P .
. . LungFit PH
possible (Try this once)
4
,
Adjust vent circuit flow
(if possible)

Figure 43: High NO Alarm Algorithm
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!

Alarm set to clinically
appropriate level?
* Adjustable Range: 1-5 ppm
* Default: 3 ppm

Yes —

Choose most Set appropriate
appropriate option alarm limit

| |
! v ; }

Change Decrease Decrease Increase
NO: filter FiO2 NO Bias Flow

;

Alarm cleared?

> Continue with
* Cycle through options until | =>| Yes current LungFit PH

cleared

Replace

LungFit PH

Figure 44. High NO2 Alarm Algorithm
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into standby at 3%! High Priority: <10% remaining

Yes | G—— Power cord connected to e | N O
LungFit PH and power source?

Unplug, plug cord Connect power cord to
to LungFit PH LungFit PH and power source

Unplug, plug cord
to power source

1

Mains Power on STATUS section
of screen and alarm cleared?

Continue using

No LungFit PH

Replace

LungFit PH

Figure 45: Low Battery Alarm Algorithm
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Internal
component failure

1

Automatic
switchover to
Backup NO Delivery

Measured NO level > 100 ppm? P ves

v

\ 4

NO will not be delivered if
Selector Switch in MAIN
System position!

4 N
1 _ Set selector switch to
“| Backup NO Injector Line
g v
Initiate Backup System
4 N O . |
_| Use Bagging System with ( ptlo_n-a_)_
¥ > ; g——
Manual Resuscitator
s g

Replace LungFit PH

P

Figure 46: Delivery Failure Algorithm
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Monitored gas values may

1 alarm is active!

Disconnect sample line filter from LungFit PH,
plug end of filter (to prevent ventilator leak)

!

Alarm resolves after
<30 seconds?

Continue with Replace
current LungFit PH LungFit PH

Figure 47: Monitoring Failure Alarm Algorithm
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!

NO will not be
delivered if Selector
Switch in MAIN

|

Is NDM in correct

orientation? * inlet:
l [ ﬁ NO
Ye 22mmOD flow sensor, *
outlet: 22mmID Injector 1
line adapter
J
Place NDM in
. correct
Set selector switch to
L — \
Y Backup NO Injector

Initiate Backup

. Use Bagging System

with Manual
Replace Confirm/Troubleshoot
NDM circuit flow

Alarm

Ye

!

cleared?

Continue using
LungFit PH

Replace
LungFit PH

Figure 48: NDM Backwards Alarm Algorithm
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Active only when
NO set > 0ppm

NO will not be delivered if
Selector Switch in MAIN
System position!

Set selector switch to
Backup NO Injector Line

Initiate Backup System

N Use Bagging Systc_em with
Manual Resuscitator

" g
Replace Replace Replace
NDM cable NDM LungFit PH

Figure 49: NDM Failure Alarm Algorithm
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Active only when Selector

1 Injector Line position

NO is not being delivered
through Injector Line!

1

d N
Fheck/Cerect Injector > Found &
Line for Kink or Blockage Correcte
" J
1 D —
Not Alarm
cleared? ves
1
Continue
No usiln )
v &

Switch to different
method of NO delivery

v | v

Use Bagging Use MAIN Replace
System with System LungFit PH
Manual (if possible)

Resuscitator

l

Part of same
subsystem —
May also fail!

Replace
LungFit PH

Figure 50: NO Backup Failure Alarm Algorithm
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Active only when Selector

position

NO is not being delivered
through Bagging System
Connector!

Found &

Resuscitator supply tubing

for kink or blockage Corrected

Check/Correct
—

Alarm

cleared? Yes

Not found

Continue

No

using device

Use Main System Replace
(if possible) LungFit PH

Replace

LungFit PH

Figure 51: NO Bagging Failure Alarm Algorithm
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Y Did the alarm activate during
es calibration of that internal sensor? No

NO: 45 ppm
NO2: 10 ppm
e | 02: 100%
* Expiry dates
not exceeded A

Confirm appropriate
calibration gas

Replace

LungFit PH

Check calibration
circuit for leaks

Recalibrate

sensor

Alarm cleared? | =) | o

Yes

Continue with
current LungFit PH

Figure 52: NO/NO2/O2 Sensor Failure Algorithm
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Monitored gas values may

alarm is active!

Active when sample line
flow < 180 mL/min

Disconnect sample line filter from LungFit PH,
plug end of filter (to prevent ventilator leak)

Ves Alarm resolves after No
<15 seconds?

Replace Sample Replace
Line and filter LungFit PH

Re-activation of

_—
Alarm? Yes

No

Continue with
current LungFit PH

Figure 53: Sample Line Blocked Alarm Algorithm
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18.1. Common Problems Encountered

SYMPTOM CAUSE ACTION

Screen remains 1. Internal battery 1. Plug “Universal Power Supply” into

blank when unit has become the Device and allow to charge for at

is powered up. discharged. least 30 min.

Pump will not run | 2. Internal battery 2. Replace the battery.

when unit is requires

powered on. replacement.

NO sensor will 1. Sensor has been 1. A temporary shift in the zero level is

not return to zero | exposed to high levels of expected if level of NO has been 40
NO ppm or higher for at least 30 minutes.

2. If not in high dose NO as described
above, check for proper zero level
of sensors by placing the sample
line in room air for 5 minutes. If
still above zero, zero the sensors
according to Section 16.1

Low NO readings | 1. Ventilator flow < 0.5 1. Check flow on ventilator
L/min
2. Check NO line and filter

2. Leak in NO delivery lines connections. Check sample line

o connection.
3. Incorrect NO calibration

3. Check calibration with calibration gas
4. NDM flow sensor

malfunction 4. Replace NDM

5. Incorrect NO generation |5, Replace the Device
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19. COMPATIBLE VENTILATORS

19.1. Ventilator List

The LungFit PH system has been validated for use with the following ventilators:

Ventilator Validated Modes |
Drager PC-A/C
BabyLog® VN500 (Neonatal PC-CMV
patient range) PC-SIMV
Volume Guarantee
PC-APRV
PC-PSV
PC-MMV
* Flow Triggering
Vyaire Medical PCV
Bellavista™ 1000 (Neonatal P-AC
patient range) PC-SIMV
PSV
Target Vent
* Flow Triggering
Vyaire Medical HFOV
3100A Note: has not been validated with a one-way valve
Hamilton Medical PCV+
HAMILTON-C1 (Neonatal PSIMV+
patient range) SPONT
SIMV+
(S)ICMV+

* Flow Triggering

19.2. Ventilator Specification Window

Ventilator settings that are within the LungFit PH operating specifications:

Inspiratory Flow Rate 0.5 - 50 I/min, 0.5 — 120 I/min (< 40ppm NO)
Bias Flow 0.5to 40 I/min
PEEP Up to 40 cmH0
Peak Inspiratory Pressure < 60 cmH,O
Respiratory Rate Traditional Ventilators: 6 - 60 bpm,
HFOV: 2 - 15 Hz
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19.3. Device Effects on Ventilator
There are two main effects of connecting and using the LungFit PH in a ventilator breathing circuit:

e The LungFit PH subtracts gas from the breathing circuit via the sample line, which withdraws
approximately 230 mL/min of gas flow from the ventilator breathing circuit.

e The LungFit PH adds additional gas (NO + ambient air) into the breathing circuit:
o For peak flow rates up to 50 L/min, the LungFit PH adds 10% more gas to that delivered
by the ventilator, regardless of NO setting.

. 0., +21
02delivered( A)) = 11
e.g., forset 02 60%: O, . . .. = 60:12'1 = 56.4%
Vent. Set (%) 100 90 80 70 60 50 40 30 21
Patient (%) 93 84 75 66 56 47 38 29 21

o For peak flow rates above 50 L/min, the added gas is proportional to the NO:

o . NO dose[ppm]
Dilution ration = D, = (880 — NO dose[ppm])

0 (%) _ Ozset+(21*DT)
2delivered 1+D,

60+(21%0.023)
1.023

e.g., for Oz,set 60% and NOset 20ppm: O, . = 60 * ( ) =59.1%

O, setting (%) | 80 ppm NO set | 40 ppm NO set | 20 ppm NO set | 10 ppm NO set | 5 ppm NO set
Ratio (D) 0.100 0.048 0.023 0.011 0.006
100 93 96 98 99 100
90 84 87 88 89 90
80 75 77 79 79 80
70 66 68 69 69 70
60 56 58 59 60 60
50 47 49 49 50 50
40 38 39 40 40 40
30 29 30 30 30 30
21 21 21 21 21 21

The effects of adding and subtracting gas from the ventilator breathing circuit include:

e Oxygen Dilution: The LungFit PH adds gas to the breathing circuit as described above. Thus, the
O concentration is reduced from its original value. Delivered O is monitored and displayed by
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the LungFit PH, but must be adjusted on the ventilator.

e Tidal Volume and Minute Volume: The measured tidal volume and minute volume delivered to
the patient may show changes due to the addition and subtraction of gases by the delivery system.

e Trigger Sensitivity: The addition and subtraction of gases by the LungFit PH may affect the trigger
sensitivity of the ventilator when using synchronized modes of ventilation. This may cause the
ventilator to auto-cycle (auto-trigger) in ventilators which have flow trigger modes, especially
where the trigger flow is set to less than 1 L/min. Check the trigger sensitivity of the ventilator
after connecting the LungFit PH delivery system.

20. CLEANING AND REPROCESSING
20.1. Cleaning during use

Clean any visible soil from the external surface of the LungFit PH delivery system and NDM cable
by wiping it with a cloth dampened with an approved cleaning agent.

e Do not use alcohol on the liquid crystal display.

e Do not immerse or allow water or any other liquid to enter the device or housings.

20.2. Reprocessing between uses

Wipe down the external surfaces of the LungFit PH device and NDM cable with a cloth
moistened with an approved cleaning agent to remove surface soils.

e Do not use alcohol on the liquid crystal display.
e Do not immerse or allow water or any other liquid to enter the device or housings.

Following cleaning, disinfect external surfaces of the LungFit PH device and NDM cable with a
cloth or wipe dampened with an approved bactericidal agent.

e Do not use alcohol on the liquid crystal display.

e Do not immerse or allow water or any other liquid to enter the device or housings.

20.3. Approved cleaning and bactericidal agents
o Approved cleaning agent:
o Mild detergent (Alconox or equivalent)

= For cleaning the exterior of the device and NDM cable when diluted per
manufacturer instructions
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e Approved bactericidal agent:
o Cavicide and CaviWipes by Metrex

= For disinfection of the exterior of the device and NDM cable when diluted per
manufacturer instructions (as applicable).

= Active ingredients:
¢ Diisobutylphenooxyethoxyethyl dimethyl benzyl ammonium chloride 0.28%
e Isopropyl alcohol 17.2%
e Inert ingredients 82.52%

All routine maintenance, repairs, and replacement of standard parts will be conducted by Beyond
Alir Inc. or its representatives.

Internal Components

Changed by technical service

Bagging Filter
02, NO, and NO; Sensors

Batteries
CAUTION:
e DO NOT sterilize.
e DO NOT clean any parts with acetone or other strong solvents.
e DO NOT immerse or allow water or any other liquid to enter the device
or housings.
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21. SPECIFICATIONS
21.1. Nitric Oxide Delivery Specifications

e NO Delivery Range
o 0-—80 ppm for ventilator flows < 50 L/min
o Progressively lower than 80 ppm for ventilator flows 50 — 100 L/min
=  Maximum of 40 ppm at 100 L/min

e Maximum Breathing Circuit Pressure
o 60 cmH20

e Set NO Resolution
o 0.1from0-2ppm
o 1from2-80ppm

e NO Delivery Accuracy
o +20% or 2 ppm, whichever is greater

21.2. Analyzer and Sensor Specifications

e Measurement Range

o NO
* Range: 0 to 100 ppm
» Resolution:
e 0to2ppm 0.1 ppm
e 2-100 ppm 1 ppm
= Accuracy:
e 0to 20 ppm: * (20% + 0.5 ppm)
e 20to 100 ppm: + (10% + 0.5 ppm)
= Rise Time <30 seconds (10 — 90 %)
o NO2
= Range: 0 to 10 ppm
= Resolution: 0.1 ppm
= Accuracy: + (20% or 0.5 ppm, whichever is greater)
* Rise Time <30 seconds (10 — 90 %)
o O2
» Range: 18 — 100% v/iv
» Resolution: 1%
= Accuracy: +3 % Oz viv

Total response time

<30 seconds
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21.4.

=  Rise Time

Maximum breathing circuit pressure:

Calibration:

Rise Time:

Sample Flow:

Flow Sensor

Flow range:

Oxygen Monitor

ond Air
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<20 seconds (10 — 90 %)

70 cmH20

Daily zero (see Section 16.1), calibrate
as needed (see Sections 16.2-16.4)
<30 seconds (10 — 90 %)

230 mL/min + 10%

0.5 to 120 L/min

There is no automatic barometric pressure compensation on the oxygen monitor reading.
The time from turn on to meeting the Oxygen accuracy is 30 seconds.

21.5. Physical

21.7.

Maximum Weight:
Maximum Width and Depth:
Maximum Height:

Battery

Type:

o Voltage
o Capacity
Backup time:

Environmental

Temperature:
o Operating:
o Storage:

Humidity:

Ambient Pressure:
o Operating
o Storage

e Water Ingress Protection:
LungFit PH System Operator’s Manual; PN 20038 Version: 9

20 kg
W 500 x D 380 mm
480 mm

Lithium lon (2)
1440V

6.90 Ah

4 hours (2 hours each)

10 to 35°C
-20 to + 60°C

15 — 95 % RH, non-condensing

600 to 800 mmHg
375 to 800 mmHg

IPX1
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21.8. Electrical

¢ Input Voltage: 100-240 VAC @ 50/60 Hz
e [nput Power: 80 Watts
o Classification: Medical Grade, Class I, Type B

21.9. User Applied Parts

e There are no user applied electrical parts. The NDM Flow Sensor and Sample Line for the
LungFit PH are treated as applied parts as per BS EN 60601-1: 2012-08 Section 4.6

WARNING: Follow all local, state, and federal regulations with respect to
environmental protection when disposing of batteries and electrochemical sensors.
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22. ELECTROMAGNETIC COMPATIBILITY INFORMATION

Guidance and Manufacturer’s Declaration — Electromagnetic Immunity

The system is intended for use in the electromagnetic environment specified below. The user of the system should assure that it is
used in such an environment.

Immunity Test

IEC 60601-1-2 test level

Compliance Level

Electromagnetic Environment
Guidance

Electrostatic

discharge * 4, 8 kV contact + 4, 8 kV Contact The relative humidity should be at
(ESD) +2,4,8,15kV Air +2,4,8,15kV Air least 15%.
IEC 61000-4-2
Elect-rlcal fast i 2 kV for power supply i 2 kV for power supply Mains power quality should be that
transient/ lines lines of a typical commercial or
burst + 1 kV for input/output +1 kV for input/output hos i)tlzgl environment
IEC 61000-4-4 lines Lines P '

+ 1 kV Line(s) to + 1 kV Line(s) to Mains power quality should be that
Surge . . . .
IEC 61000-4-5 Line(s) Line(s) of a typical commercial and/

* 2 kV Line(s) to earth * 2 kV Line(s) to earth or hospital environment.

0,
0% UT 0% UT

Voltage dips, short
interruptions and
voltage variations
on power supply
input lines

IEC 61000-4-11

(100 % dip in UT)

for 0,5 cycle occurring at
0°, 45°, 90°, 135°, 180°,
225°, 270°, 315°

0% UT

(100 % dip in UT)

for 1 cycle occurring at 0°
70 % UT

(30 % dip in UT)

for 25/30 cycles

Voltage interruption at
test

(100 % dip in UT)

for 0,5 cycle occurring at
0°, 45°, 90°, 135°, 180°,
225°, 270°, 315°

0% UT

(100 % dip in UT)

for 1 cycle occurring at
00

70 % UT

(30 % dip in UT)

for 25/30 cycles

Voltage interruption at test

Mains power quality should be that
of a typical commercial and/

or hospital environment. If the user
of the system requires continued
operation during power mains
interruptions, it is recommended that
the system be powered from an
uninterruptible power supply or a
battery.

Voltage level: Voltage level:
' 9 o Ain
0% UT 100 % dip in UT ?Of’zg(;slggcﬂ)c?elg in UT
for 250/300 cycles y
Power frequency
(50/60 Hz) 30 A/m
magnetic field Home Healthcare 30 A/m Home Healthcare Levels
IEC 61000-4-8
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Guidance and Manufacturer’s Declaration — Electromagnetic Immunity

The system is intended for use in the electromagnetic environment specified below. The user of the system should assure
that it is used in such an environment.

Immunity Test

IEC 60601 test level

Compliance Level

Electromagnetic Environment Guidance

Portable and mobile RF communications

3Vrms 3Vrms equipment, including cables, should be
150 kHz to 80 MHz (V1) used no closer to any part of system than
outside ISM bands the recommended separation distance
Conducted RF calculated from the equation applicable to
6 Vrms 6 Vrms the frequency of the transmitter.
IEC61000-4-6 | 150 kHzto 80 MHZ | (V2) o
. Recommended separation distance:
in ISM bands
d=3.5%JP/VI
d=12*V P /V2
d=12*V P /E1
80 MHz to 800 MHz
d=23*\ P /El
800 MHz to 2.7 GHz
Where P is the maximum output power
rating of the transmitter in watts (W)
10 V/m according to the transmitter manufacturer
Radiated RF 10 VIim and d is the recommended separation
26 MHz t0 2.7 GHz i i b
IEC 61000-4-3 | 80 MHz to 2.7 GHz distance in meters (m).

(E1)

Field strengths from fixed RF 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: Ii"-:-ﬁﬁ
\ i
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Proximity fields
from RF wireless
communications

380 - 390 MHz 27
V/m; PM 50%; 18 Hz

430 - 470 MHZ 28
V/m; (FM %5 kHz, 1
kHz sine) PM; 18 Hz

704 - 787 MHZ 9
V/m; PM 50%; 217
Hz

800 - 960 MHZ 28
VIm; PM 50%; 18 Hz

380 - 390 MHz 27 V/m;
PM 50%; 18 Hz

430 - 470 MHZ 28 V/m;
(FM £5 kHz, 1 kHz sine)
PM; 18 Hz

704 - 787 MHZ 9 V/m; PM
50%; 217 Hz

800 - 960 MHZ 28 V/m;
PM 50%; 18 Hz

Portable RF communications equipment
(including peripherals such as antenna
cables and external antennas) should be
used no closer than 30 cm (12 inches) to
any part of the device, including cables
specified by the manufacturer. Otherwise,
degradation of the performance of this
equipment could result.

equipment 1700 - 1990 MHZ 28 | 1700 - 1990 MHZ 28 V/m:
V/m; PM 50%; 217 PM 50%; 217 Hz
Hz
2400 - 2570 MHZ 28 | 2400 - 2570 MHZ 28 V/m:
V/m; PM 50%; 217 PM 50%; 217 Hz
Hz
5100-5800 MHZ 9 | 5100 - 5800 MHZ 9 V/m:
V/m: PM 50%: 217 PM 50%: 217 Hz
Hz

NOTES:

e At 80 MHz and 800 MHz, the higher frequency range applies.
e These guidelines may not apply in all situations. Electromagnetic propagation is affected by absorption and reflection
from structures, objects and people.

a The ISM (industrial, scientific and medical) bands between 150 kHz and 80 MHz are 6.765 MHz to 6.795 MHz;
13.553 MHz to 13.567 MHz; 26.957 MHz to 27.283 MHz; and 40.66 MHz to 40.70 MHz.

b The compliance levels in the ISM frequency bands between 150 kHz and 80 MHz and in the frequency range 80 MHz
to 2.7 GHz are intended to decrease the likelihood that a portable communications device could cause interference if it
is inadvertently brought into patient areas. For this reason, an additional factor of 10/3 is used in calculating the
recommended separation distance for transmitters in these frequency ranges.

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

d Over the frequency range 150 kHz to 80 MHz, field strengths should be less than 3 V/m.
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23.0CCUPATIONAL EXPOSURE

The exposure limit set by the Occupational Safety and Health Administration (OSHA) for nitric oxide
IS 25 ppm, and for NO2 the limit is 5 ppm.

The environmental buildup of NO in a well-ventilated ICU room can be evaluated using the
following calculation:
Room size 10ft square room =1000 ft3 or room volume = 28,300 L

Room ventilation (6 exchanges/hour) = 2,830 L/min
The NO flow into the room for 20 ppm at 20 L/min = 400 ppm. L/min
Average NO room concentration 400 + 2,830 = 0.015 ppm of NO

This theoretic calculation can be supplemented by measurements as performed by Hess et al (Hess et
al, Use of Inhaled Nitric Oxide in patients with Acute Respiratory Distress Syndrome. Respiratory
Care, 1996, vol. 41, No. 5, pg. 424-446.) The NO and NO> concentrations were measured using a
chemiluminescence analyzer when 100 ppm of NO at 8 L/min was delivered into a room with no
scavenging being used. The maximum NO and NO> concentrations measured over a one hour period
were 0.12 ppm of NO and 0.03 ppm of NO2 both well below OSHA limits.

24.INDICATIONS FOR USE

The NO from the LungFit PH System is indicated to improve oxygenation and reduce the need for
extracorporeal membrane oxygenation in term and near-term (>34 weeks gestation) neonates with
hypoxic respiratory failure associated with clinical or echocardiographic evidence of pulmonary
hypertension in conjunction with ventilatory support and other appropriate agents.

25.CONTRAINDICATIONS

The NO from the LungFit PH is contraindicated in neonates dependent on right-to-left shunting of
blood.
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26.DOSAGE AND ADMINISTRATION

26.1. Dosage
Term and near-term neonates with hypoxic respiratory failure

The recommended dose of inhaled nitric oxide gas is 20 ppm. Maintain treatment up to 14 days or
until the underlying oxygen desaturation has resolved and the neonate is ready to be weaned from
inhaled nitric oxide therapy.

Doses greater than 20 ppm are not recommended.

26.2. Administration

Measure methemoglobin within 4-8 hours after initiation of treatment with the LungFit PH and
periodically throughout treatment.

Monitor for PaO. and inspired NO2 during NO administration.

Avoid abrupt discontinuation of NO. To wean NO down-titrate in several steps, pausing several hours
at each step to monitor for hypoxemia.

27.WARNINGS AND PRECAUTIONS ASSOCIATED WITH NITRIC OXIDE (NO)
27.1. Rebound Pulmonary Hypertension Syndrome following Abrupt Discontinuation

Abrupt discontinuation of NO may lead to worsening oxygenation and increasing pulmonary artery
pressure, i.e., Rebound Pulmonary Hypertension Syndrome. Signs and symptoms of Rebound
Pulmonary Hypertension Syndrome include hypoxemia, systemic hypotension, bradycardia, and
decreased cardiac output. If Rebound Pulmonary Hypertension occurs, reinstate NO therapy
immediately.

WARNING: Avoid abrupt discontinuation of NO. To wean NO down, titrate in
several steps, pausing several hours at each step to monitor for hypoxemia.

WARNING: Abrupt discontinuation of NO may lead to worsening oxygenation and
increasing pulmonary artery pressure, i.e., Rebound Pulmonary Hypertension
A Syndrome. Signs and symptoms of Rebound Pulmonary Hypertension Syndrome
include hypoxemia, systemic hypotension, bradycardia, and decreased cardiac output.
If Rebound Pulmonary Hypertension occurs, reinstate NO therapy immediately.
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27.2. Hypoxemia from Methemoglobinemia

Nitric oxide combines with hemoglobin to form methemoglobin, which does not transport oxygen.
Methemoglobin levels increase with the dose of NO; it can take 8 hours or more before steady-state
methemoglobin levels are attained. Monitor methemoglobin and adjust the dose of NO to optimize

oxygenation.

If methemoglobin levels do not resolve with decrease in dose or discontinuation of NO, additional
therapy may be warranted to treat methemoglobinemia

27.3. Airway Injury from Nitrogen Dioxide

Nitrogen dioxide (NO2) forms in gas mixtures containing NO and O». Nitrogen dioxide may cause
airway inflammation and damage to lung tissues.

If there is an unexpected change in NO2 concentration, or if the NO2 concentration reaches 3 ppm
when measured in the breathing circuit, assess the delivery system in accordance with the
troubleshooting section, and recalibrate the NO2 sensor. Adjust the dose of NO and/or FiO: as

appropriate.
27.4. Worsening Heart Failure

Patients with left ventricular dysfunction treated with NO may experience pulmonary edema,
increased pulmonary capillary wedge pressure, worsening of left ventricular dysfunction, systemic
hypotension, bradycardia and cardiac arrest. Discontinue NO while providing symptomatic care.

28. ADVERSE EVENTS

The following adverse reactions are discussed elsewhere in the label;
Hypoxemia [see Warnings and Precautions (27.2)]
Worsening Heart Failure [see Warnings and Precautions (27.4)]

28.1. Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed
in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of another drug
and may not reflect the rates observed in practice. The adverse reaction information from the clinical
studies does, however, provide a basis for identifying the adverse events that appear to be related to
drug use and for approximating rates.

Controlled studies have included 325 patients on nitric oxide doses of 5 to 80 ppm and 251 patients on

LungFit PH System Operator’s Manual; PN 20038 Version: 9
Page 104 of 111



#d Beyond Air

The Magic of Breathing

placebo. 1233, Mortality was similar in the two groups.

In both the NINOS and CINRGI studies, the duration of hospitalization was similar in nitric oxide and
placebo-treated groups.

From all controlled studies, at least 6 months of follow-up is available for 278 patients who received
nitric oxide and 212 patients who received placebo. Among these patients, there was no evidence of an
adverse effect of treatment on the need for rehospitalization, special medical services, pulmonary
disease, or neurological sequelae.

In the NINOS study,* treatment groups were similar with respect to the incidence and severity of
intracranial hemorrhage, Grade 1V hemorrhage, periventricular leukomalacia, cerebral infarction,
seizures requiring anticonvulsant therapy, pulmonary hemorrhage, or gastrointestinal hemorrhage.

28.2. Post-Marketing Experience

Post marketing reports of accidental exposure to nitric oxide for inhalation in hospital staff has been
associated with chest discomfort, dizziness, dry throat, dyspnea, and headache.

29.DRUG INTERACTIONS

Nitric oxide donor agents such as prilocaine, sodium nitroprusside and nitroglycerine may increase
the risk of developing methemoglobinemia.

30. USE IN SPECIFIC POPULATIONS
30.1. Pregnancy

Pregnancy Category C Animal reproduction studies have not been conducted with LungFit PH. It is
not known if nitric oxide gas from the LungFit PH can cause fetal harm when administered to a
pregnant woman or can affect reproductive capacity. NO is not indicated for use in adults.

! Analyzed subjects exclude pilot subjects and subjects with lung hypoplasia.
2 Davidson, D., Barefield, E. S., Kattwinkel, J., Dudell, G., Damask, M., Straube, R., Rhines, J., Chang, C.-T., I-NO/PPHN
Study Group. (1998). Inhaled Nitric Oxide for the Early Treatment of Persistent Pulmonary Hypertension of the Term
Newborn: A Randomized, Double-Masked, Placebo-Controlled, Dose-Response, Multicenter Study. Pediatrics, 101(3), 325-
334.
3 Clark, R. H., Kueser, T. J., Walker, M. W., Southgate, W. M., Huckaby, J. L., Perez, J.A,, ..., & Kinsella, J. P. (2000). Low-
dose nitric oxide therapy for persistent pulmonary hypertension of the newborn. New England Journal of Medicine, 342(7),
469-474.
4 Neonatal Inhaled Nitric Oxide Study Group. (1997). Inhaled nitric oxide in full-term and nearly full-term infants with hypoxic
respiratory failure. New England Journal of Medicine, 336(9), 597-604.
LungFit PH System Operator’s Manual; PN 20038 Version: 9
Page 105 of 111



#d Beyond Air

The Magic of Breathlng

30.2. Nursing Mothers

Nitric oxide is not indicated for use in the adult population, including nursing mothers. It is not
known whether nitric oxide is excreted in human milk.

30.3. Pediatric Use

The safety and efficacy of nitric oxide for inhalation has been demonstrated in term and near-term
neonates with hypoxic respiratory failure associated with evidence of pulmonary hypertension.
Additional studies conducted in premature neonates for the prevention of bronchopulmonary
dysplasia have not demonstrated substantial evidence of efficacy. No information about its
effectiveness in other age populations is available.

30.4. Geriatric Use

Nitric oxide is not indicated for use in the adult population.

31. OVERDOSAGE

Overdosage with NO is manifest by elevations in methemoglobin and pulmonary toxicities associated
with inspired NO.. Elevated NO> may cause acute lung injury. Elevations in methemoglobin reduce
the oxygen delivery capacity of the circulation. In clinical studies, NO2 levels >3 ppm or
methemoglobin levels >7% were treated by reducing the dose of, or discontinuing, NO.

Methemoglobinemia that does not resolve after reduction or discontinuation of therapy can be treated
with intravenous vitamin C, intravenous methylene blue, or blood transfusion, based upon the clinical
situation.

32. DESCRIPTION

Nitric oxide gas generated by the LungFit PH is a drug administered by inhalation. Nitric oxide is a
pulmonary vasodilator. Nitric oxide from the LungFit PH is a gaseous blend of nitric oxide and room
air (main constituents: nitrogen (78.08%), oxygen (20.95%), argon (0.93%) and carbon dioxide
(0.03%).

The generation of NO gas results in the conversion of small amounts of nitrogen and oxygen. The
amount of this conversion is dependent on the concentration of nitric oxide, and will be a maximum
of 0.08% of nitrogen and oxygen when set to 80 ppm at ventilator flow rates above 50 L/min. This
will result in the decrease of nitrogen to approximately 78.00% and oxygen to 20.87% in the carrier
gas.

33. CLINICAL PHARMACOLOGY

33.1. Mechanism of Action
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Nitric oxide relaxes vascular smooth muscle by binding to the heme moiety of cytosolic guanylate
cyclase, activating guanylate cyclase and increasing intracellular levels of cyclic guanosine 3',5'-
monophosphate, which then leads to vasodilation. When inhaled, nitric oxide selectively dilates the
pulmonary vasculature, and because of efficient scavenging by hemoglobin, has minimal effect on the
systemic vasculature. Nitric oxide appears to increase the partial pressure of arterial oxygen (PaO>)
by dilating pulmonary vessels in better ventilated areas of the lung, redistributing pulmonary blood
flow away from lung regions with low ventilation/perfusion (V/Q) ratios toward regions with normal
ratios.

33.2. Pharmacodynamics
Effects on Pulmonary Vascular Tone in PPHN

Persistent pulmonary hypertension of the newborn (PPHN) occurs as a primary developmental defect
or as a condition secondary to other diseases such as meconium aspiration syndrome (MAS),
pneumonia, sepsis, hyaline membrane disease, congenital diaphragmatic hernia (CDH), and
pulmonary hypoplasia. In these states, pulmonary vascular resistance (PVR) is high, which results in
hypoxemia secondary to right-to-left shunting of blood through the patent ductus arteriosus and
foramen ovale. In neonates with PPHN, NO improves oxygenation (as indicated by significant
increases in Pa0y).

33.3. Pharmacokinetics
The pharmacokinetics of nitric oxide has been studied in adults.

Absorption and Distribution

Nitric oxide is absorbed systemically after inhalation. Most of it traverses the pulmonary capillary
bed where it combines with hemoglobin that is 60% to 100% oxygen-saturated. At this level of
oxygen saturation, nitric oxide combines predominantly with oxyhemoglobin to produce
methemoglobin and nitrate. At low oxygen saturation, nitric oxide can combine with
deoxyhemoglobin to transiently form nitrosylhemoglobin, which is converted to nitrogen oxides and
methemoglobin upon exposure to oxygen. Within the pulmonary system, nitric oxide can combine
with oxygen and water to produce nitrogen dioxide and nitrite, respectively, which interact with
oxyhemoglobin to produce methemoglobin and nitrate. Thus, the end products of nitric oxide that
enter the systemic circulation are predominantly methemoglobin and nitrate.

Metabolism

Methemoglobin disposition has been investigated as a function of time and nitric oxide exposure
concentration in neonates with respiratory failure. The methemoglobin (MetHb) concentration time
profiles during the first 12 hours of exposure to 0, 5, 20, and 80 ppm NO are shown in Figure 54.
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Figure 542: Methemoglobin Concentration-Time Profiles Neonates Inhaling 0, 5, 20, or 80 ppm Nitric Oxide gas.

Methemoglobin concentrations increased during the first 8 hours of nitric oxide exposure. The mean
methemoglobin level remained below 1% in the placebo group and in the 5 ppm and 20 ppm NO
groups, but reached approximately 5% in the 80 ppm NO group. Methemoglobin levels >7% were
attained only in patients receiving 80 ppm, where they comprised 35% of the group. The average time
to reach peak methemoglobin was 10 + 9 (SD) hours (median, 8 hours) in these 13 patients, but one
patient did not exceed 7% until 40 hours.

Elimination

Nitrate has been identified as the predominant nitric oxide metabolite excreted in the urine,
accounting for >70% of the nitric oxide dose inhaled. Nitrate is cleared from the plasma by the kidney
at rates approaching the rate of glomerular filtration.

NONCLINICAL TOXICOLOGY

34.1. Carcinogenesis, Mutagenesis, Impairment of Fertility

No evidence of a carcinogenic effect was apparent, at inhalation exposures up to the recommended
dose (20 ppm), in rats for 20 hr/day for up to two years. Higher exposures have not been investigated.
Nitric oxide has demonstrated genotoxicity in Salmonella (Ames Test), human lymphocytes, and after
in vivo exposure in rats. There are no animal or human studies to evaluate nitric oxide for effects on
fertility.

CLINICAL STUDIES

35.1. Treatment of Hypoxic Respiratory Failure (HRF)

The efficacy of NO has been investigated in term and near-term newborns with hypoxic respiratory
failure resulting from a variety of etiologies. Inhalation of NO reduces the oxygenation index (Ol=
mean airway pressure in cm H>O x fraction of inspired oxygen concentration [FiO2] x 100 divided by
systemic arterial concentration in mm Hg [PaO-]) and increases PaO..
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NINOS Study

The Neonatal Inhaled Nitric Oxide Study (NINOS) was a double-blind, randomized, placebo-
controlled, multicenter trial in 235 neonates with hypoxic respiratory failure.

The objective of the study was to determine whether inhaled nitric oxide would reduce the occurrence
of death and/or initiation of extracorporeal membrane oxygenation (ECMO) in a prospectively
defined cohort of term or near-term neonates with hypoxic respiratory failure unresponsive to
conventional therapy. Hypoxic respiratory failure was caused by meconium aspiration syndrome
(MAS; 49%), pneumonia/sepsis (21%), idiopathic primary pulmonary hypertension of the newborn
(PPHN; 17%), or respiratory distress syndrome (RDS; 11%). Infants <14 days of age (mean, 1.7
days) with a mean PaO2 of 46 mm Hg and a mean oxygenation index (Ol) of 43 cm H.O / mm Hg
were initially randomized to receive 100% O with (n=114) or without (n=121) 20 ppm nitric oxide
for up to 14 days. Response to study drug was defined as a change from baseline in PaO2 30 minutes
after starting treatment (full response = >20 mm Hg, partial = 10-20 mm Hg, no response = <10 mm
Hg). Neonates with a less than full response were evaluated for a response to 80 ppm nitric oxide or
control gas. The primary results from the NINOS study are presented in Table 4.

Table 4: Summary of Clinical Results from NINOS Study

Control NO P value
(n=121) (n=114)
Death or ECMO** 77 (64%) 52 (46%) 0.006
Death 20 (17%) 16 (14%) 0.06
ECMO 66 (55%) 44 (39%) 0.014

*Extracorporeal membrane oxygenation

TDeath or need for ECMO was the study’s primary endpoint

Although the incidence of death by 120 days of age was similar in both groups (NO, 14%; control,
17%), significantly fewer infants in the nitric oxide group required ECMO compared with controls
(39% vs. 55%, p = 0.014). The combined incidence of death and/or initiation of ECMO showed a
significant advantage for the nitric oxide treated group (46% vs. 64%, p = 0.006). The nitric oxide
group also had significantly greater increases in PaO. and greater decreases in the Ol and the
alveolar-arterial oxygen gradient than the control group (p<0.001for all parameters). Significantly
more patients had at least a partial response to the initial administration of study drug in the nitric
oxide group (66%) than the control group (26%, p<0.001). Of the 125 infants who did not respond to
20 ppm nitric oxide or control, similar percentages of NO-treated (18%) and control (20%) patients
had at least a partial response to 80 ppm nitric oxide for inhalation or control drug, suggesting a lack
of additional benefit for the higher dose of nitric oxide. No infant had study drug discontinued for
toxicity. Inhaled nitric oxide had no detectable effect on mortality. The adverse events collected in the
NINOS trial occurred at similar incidence rates in both treatment groups [see Adverse Reactions
(6.1)]. Follow-up exams were performed at 18—-24 months for the infants enrolled in this trial. In the
infants with available follow-up, the two treatment groups were similar with respect to their mental,

5 Neonatal Inhaled Nitric Oxide Study Group. (1997). Inhaled nitrix oxide in full-term and nearly full-term infants with
hypoxic respiratory failure. New England Journal of Medicine, 336(9), 597-604.
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motor, audiologic, or neurologic evaluations.

CINRGI Study

This study was a double-blind, randomized, placebo-controlled, multicenter trial of 248 term and
near-term neonates with pulmonary hypertension and hypoxic respiratory failure.®

The primary objective of the study was to determine whether NO would reduce the receipt of ECMO
in these patients. Hypoxic respiratory failure was caused by MAS (34% in each group), idiopathic
PPHN (iNO 25%; control 20%), pneumonia (21% in each group), or RDS (9% in each group).
Patients with a mean PaO> of 54 mm Hg and a mean Ol of 44 cm H,O / mm Hg were randomly
assigned to receive either 20 ppm NO (n=126) or nitrogen gas (placebo; n=122) in addition to their
ventilatory support. Patients who exhibited a PaO, >60 mm Hg and a pH < 7.55 were weaned to 5
ppm NO or placebo. The primary results from the CINRGI study are presented in Table 5.

Table 5: Summary of Clinical Results from CINRGI Study

Placebo NO P value
ECMO*T 78/122 (64%) 48/126 (38%) 0.001
Death before discharge 13/122 (11%) 10/126 (8%) 0.82

*Extracorporeal membrane oxygenation
TECMO was the study’s primary endpoint

Significantly fewer neonates in the NO group required ECMO compared to the control group (38%
vs. 64%, p<0.001). While the number of deaths before discharge were similar in both groups (NO,

8%; placebo, 11%), the combined incidence of death and/or receipt of ECMO was decreased in the
NO group (iNO 50/126 (40%)% vs. control 80/122 (66%%, p<0.001).

Of the 126 patients treated with NO, 2 (2%) were withdrawn from study drug due to methemoglobin
levels >4%. The frequency and number of adverse events reported were similar in the two study
groups [see Adverse Reactions].

In clinical trials, reduction in the need for ECMO has not been demonstrated with the use of inhaled
nitric oxide in neonates with congenital diaphragmatic hernia (CDH).

35.2. Ineffective in Adult Respiratory Distress Syndrome (ARDS)

In a randomized, double-blind, parallel, multicenter study, 385 patients with adult respiratory distress
syndrome (ARDS) associated with pneumonia (46%), surgery (33%), multiple trauma (26%),
aspiration (23%), pulmonary contusion (18%), and other causes, with PaO2/FiO2 <250 mm Hg
despite optimal oxygenation and ventilation, received placebo (n=193) or NO (n=192), 5 ppm, for 4
hours to 28 days or until weaned because of improvements in oxygenation. Despite acute

® Clark, R. H., Kueser, T. J., Walker, M. W., Southgate, W. M., Huckaby, J. L., Perez, J.A., ..., & Kinsella, J. P. (2000). Low-
dose nitric oxide therapy for persistent pulmonary hypertension of the newborn. New England Journal of Medicine, 342(7),
469-474.
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improvements in oxygenation, there was no effect of NO on the primary endpoint of days alive and
off ventilator support. These results were consistent with outcome data from a smaller dose ranging
study of nitric oxide (1.25 to 80 ppm). NO is not indicated for use in ARDS.

35.3. Ineffective in Prevention of Bronchopulmonary Dysplasia (BPD)

The safety and efficacy of NO for the prevention of chronic lung disease [bronchopulmonary
dysplasia, (BPD)] in neonates < 34 weeks gestational age requiring respiratory support has been
studied in four large, multi-center, double-blind, placebo-controlled clinical trials in a total of 2,600
preterm infants. Of these, 1,290 received placebo, and 1,310 received inhaled nitric oxide at doses
ranging from 5-20 ppm, for treatment periods of 7-24 days duration. The primary endpoint for these
studies was alive and without BPD at 36 weeks postmenstrual age (PMA). The need for supplemental
oxygen at 36 weeks PMA served as a surrogate endpoint for the presence of BPD. Overall, efficacy
for the prevention of bronchopulmonary dysplasia in preterm infants was not established. There were
no meaningful differences between treatment groups with regard to overall deaths, methemoglobin
levels, or adverse events commonly observed in premature infants, including intraventricular
hemorrhage, patent ductus arteriosus, pulmonary hemorrhage, and retinopathy of prematurity.

NO for prevention of BPD in preterm neonates < 34 weeks gestational age is not recommended.
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	1. USER RESPONSIBILITY 
	1. USER RESPONSIBILITY 
	The LungFit PH System performs in line with the description detailed in this user manual and accompanying labels and/or guides when assembled, operated, maintained, repaired, and stored in accordance with the instructions provided. 
	The device must be checked prior to use in accordance with the procedures outlined in this manual.  A damaged device should not be used; contact Beyond Air immediately for a replacement device (1855-LUN-GFLX (1-855-586-4359)). 
	-

	The user of this device is solely responsible for any malfunction resulting from improper use, faulty maintenance, improper repair, damage, or alteration by any source not authorized by Beyond Air Inc. 
	For technical support, contact Beyond Air at 1-855-LUN-GFLX (1-855-586-4359). 

	2. DEFINITIONS 
	2. DEFINITIONS 
	• 
	• 
	• 
	Warning(s) – alert the operator to possible injury, death, or other serious adverse reactions associated with the use or misuse of the device. 

	• 
	• 
	Caution(s) – information regarding any special care to be exercised by the user for safe and effective use of the device. 

	• 
	• 
	Contraindication(s) – alert the operator to possible situations or conditions that the device should not be used because the risk of use outweighs any possible benefit. 
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	3. WARNINGS AND CAUTIONS 
	3. WARNINGS AND CAUTIONS 
	Figure
	Figure
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	WARNING: A non-expired NO2 Filter must be properly installed at all times for the LungFit PH System to function.  • Insert new filter as quickly as possible (within 15 seconds) to minimize interruption of NO treatment • If the filter is not installed, there will be no nitric oxide delivered through the NO Injector Line Outlet • The device will not start if the installed NO2 Filter is past its designated usage time. • The device will alarm (Change NO2 Filter) if the installed NO2 Filter is past its designate
	WARNING: A non-expired NO2 Filter must be properly installed at all times for the LungFit PH System to function.  • Insert new filter as quickly as possible (within 15 seconds) to minimize interruption of NO treatment • If the filter is not installed, there will be no nitric oxide delivered through the NO Injector Line Outlet • The device will not start if the installed NO2 Filter is past its designated usage time. • The device will alarm (Change NO2 Filter) if the installed NO2 Filter is past its designate
	WARNING: A non-expired NO2 Filter must be properly installed at all times for the LungFit PH System to function.  • Insert new filter as quickly as possible (within 15 seconds) to minimize interruption of NO treatment • If the filter is not installed, there will be no nitric oxide delivered through the NO Injector Line Outlet • The device will not start if the installed NO2 Filter is past its designated usage time. • The device will alarm (Change NO2 Filter) if the installed NO2 Filter is past its designate

	WARNING: Complete a Verification Check outlined in this manual at least once per month. 
	WARNING: Complete a Verification Check outlined in this manual at least once per month. 

	WARNING: The LungFit PH System sample line withdraws approximately 230 mL/minute of gas flow from the ventilator breathing circuit.  Flow sensitivity adjustment on the ventilator may be necessary to prevent auto-cycling of the ventilator (repetitive triggering of a mechanical breath). WARNING: Place the gas sample line on the breathing circuit inspiratory limb and close to the patient connection (approximately 6 inches from patient wye, and at least 18 inches downstream from the NDM) to accurately measure t
	WARNING: The LungFit PH System sample line withdraws approximately 230 mL/minute of gas flow from the ventilator breathing circuit.  Flow sensitivity adjustment on the ventilator may be necessary to prevent auto-cycling of the ventilator (repetitive triggering of a mechanical breath). WARNING: Place the gas sample line on the breathing circuit inspiratory limb and close to the patient connection (approximately 6 inches from patient wye, and at least 18 inches downstream from the NDM) to accurately measure t

	WARNING: Persons using the LungFit PH System should be trained and experienced in its use before performing procedures described in this manual to assure effective administration of nitric oxide and to avoid injury to the patient or to others resulting from inhalation of excess nitric oxide, nitrogen dioxide, or other reaction products. 
	WARNING: Persons using the LungFit PH System should be trained and experienced in its use before performing procedures described in this manual to assure effective administration of nitric oxide and to avoid injury to the patient or to others resulting from inhalation of excess nitric oxide, nitrogen dioxide, or other reaction products. 

	WARNING: The LungFit PH System operating manual should be kept with the device at all times to answer questions or concerns that may arise. 
	WARNING: The LungFit PH System operating manual should be kept with the device at all times to answer questions or concerns that may arise. 

	WARNING: Only use the sample line with hydrophobic filter provided by Beyond Air. 
	WARNING: Only use the sample line with hydrophobic filter provided by Beyond Air. 


	WARNING: Ensure the NO, NO2, and O2 alarms are set to acceptable limits when delivering NO to a patient. WARNING: Follow all local, state, and federal regulations with respect to environmental protection when disposing of batteries and electrochemical sensors. WARNING: Always have an independent back up NO delivery system available close at hand as a contingency in the event the LungFit PH System becomes inoperative during a NO therapy session. WARNING: Adjustments to FiO2 may be required when administering
	Figure
	WARNING: Abrupt discontinuation of NO may lead to worsening oxygenation and increasing pulmonary artery pressure, i.e., Rebound Pulmonary Hypertension Syndrome. Signs and symptoms of Rebound Pulmonary Hypertension Syndrome include hypoxemia, systemic hypotension, bradycardia, and decreased cardiac output. If Rebound Pulmonary Hypertension occurs, reinstate NO therapy immediately. 
	WARNING: To avoid the risk of electric shock, this equipment must only be connected to a supply main with protective earth. WARNING: Do not make unauthorized changes to the device as it can result in harm to the patient. 
	Figure
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	WARNING: The Backup NO System introduces a fixed flow (1 L/min) and NO concentration (220 ppm) through the injector line into the NDM. The final delivered concentration will depend on the ventilator circuit flow. • When using the integrated backup with breathing circuit gas flows of 5 L/min, the delivered NO dose will be approximately 40 ppm. Breathing circuit gas flows less than 5 L/min will deliver an NO dose greater than 40 ppm. • The Backup NO System is intended for short term use when the main NO deliv
	WARNING: The Backup NO System introduces a fixed flow (1 L/min) and NO concentration (220 ppm) through the injector line into the NDM. The final delivered concentration will depend on the ventilator circuit flow. • When using the integrated backup with breathing circuit gas flows of 5 L/min, the delivered NO dose will be approximately 40 ppm. Breathing circuit gas flows less than 5 L/min will deliver an NO dose greater than 40 ppm. • The Backup NO System is intended for short term use when the main NO deliv
	WARNING: The Backup NO System introduces a fixed flow (1 L/min) and NO concentration (220 ppm) through the injector line into the NDM. The final delivered concentration will depend on the ventilator circuit flow. • When using the integrated backup with breathing circuit gas flows of 5 L/min, the delivered NO dose will be approximately 40 ppm. Breathing circuit gas flows less than 5 L/min will deliver an NO dose greater than 40 ppm. • The Backup NO System is intended for short term use when the main NO deliv

	WARNING: Do not use the device if visibly damaged; contact Beyond Air for replacement device. 
	WARNING: Do not use the device if visibly damaged; contact Beyond Air for replacement device. 

	WARNING: If NO2 ≥ 3 ppm, the delivery system should be assessed in accordance with the Troubleshooting Guide (Section 18). 
	WARNING: If NO2 ≥ 3 ppm, the delivery system should be assessed in accordance with the Troubleshooting Guide (Section 18). 

	WARNING: Use the device in a well-ventilated area. 
	WARNING: Use the device in a well-ventilated area. 

	WARNING: LungFit PH is MR Unsafe. 
	WARNING: LungFit PH is MR Unsafe. 

	WARNING: Always keep at least one spare NDM kit on hand. 
	WARNING: Always keep at least one spare NDM kit on hand. 

	WARNING: Warning: The LungFit PH adds flow to the ventilator flow when NO is set greater than zero ppm (see Section 18.3 for details). Only use ventilators validated with the LungFit PH, and only those modes listed as confirmed compatible. Additionally, confirm stable patient ventilation and oxygenation with an arterial blood gas after initiation or removal of NO therapy with the LungFit PH. 
	WARNING: Warning: The LungFit PH adds flow to the ventilator flow when NO is set greater than zero ppm (see Section 18.3 for details). Only use ventilators validated with the LungFit PH, and only those modes listed as confirmed compatible. Additionally, confirm stable patient ventilation and oxygenation with an arterial blood gas after initiation or removal of NO therapy with the LungFit PH. 

	CAUTION: Condensing humidity will impair the function of the sensors. In the unlikely event that the sensor(s) gets wet, turn the unit on and sample room air to allow the analysis module to dry out. Once dry, the sensors will function normally. 
	CAUTION: Condensing humidity will impair the function of the sensors. In the unlikely event that the sensor(s) gets wet, turn the unit on and sample room air to allow the analysis module to dry out. Once dry, the sensors will function normally. 
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	CAUTION: 
	• DO NOT sterilize. 
	• DO NOT clean any parts with acetone or other strong solvents. 
	• DO NOT immerse or allow water or any other liquid to enter the device or housings. 
	CAUTION: Calibrate the sensors at least once a month, or more frequently if needed, to ensure the device monitors the gases in the breathing circuit correctly. CAUTION: Single use items to be used on one patient only CAUTION: To maintain the LungFit PH batteries in a charged state, keep the system plugged in between uses. CAUTION: NO can be administered during the sensor calibration process. However, inspired gasses are not monitored, and gas monitoring alarms are disabled. CAUTION: Aerosolized medications 
	Figure

	4. ABBREVIATIONS 
	4. ABBREVIATIONS 
	bpm 
	bpm 
	bpm 
	Breaths per minute 

	cmH2O 
	cmH2O 
	Centimeters of water 

	FiO2 
	FiO2 
	Fraction of inspired gaseous oxygen 

	HFOV 
	HFOV 
	High Frequency Oscillatory Ventilators 

	L/min 
	L/min 
	Liters per minute 

	mL 
	mL 
	Milliliters 

	mL/min 
	mL/min 
	Milliliters per minute 

	mmHg 
	mmHg 
	Millimeters of mercury 

	NDM 
	NDM 
	Nitric oxide Delivery Module 

	NO 
	NO 
	Nitric Oxide 

	NO2 
	NO2 
	Nitrogen Dioxide 

	O2 
	O2 
	Oxygen 

	PaO2 
	PaO2 
	Arterial Oxygen Partial Pressure 

	ppm 
	ppm 
	parts per million 
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	5. INTENDED USE 
	5. INTENDED USE 
	The LungFit® PH is intended to deliver nitric oxide (NO), a vasodilator, generated by the device into the inspiratory limb of the patient breathing circuit of a ventilator in a way that provides a constant concentration of nitric oxide, as set by the user, to the patient throughout the inspired breath. 
	The LungFit® PH provides continuous integrated monitoring of inspired oxygen (O), nitrogen 
	2

	dioxide (NO) and nitric oxide (NO), and a comprehensive alarm system. 
	2

	The LungFit® PH includes an integrated backup NO delivery system that is a completely independent backup NO generating system; it has its own NO generator and gas flow delivery system. The backup flow is delivered at 1 L/min at 220ppm NO to either a ventilator circuit or to a bagging system, depending upon the user selected setting. 
	The NO from the LungFit PH System is indicated to improve oxygenation and reduce the need for extracorporeal membrane oxygenation in term and near-term (>34 weeks gestation) neonates with hypoxic respiratory failure associated with clinical or echocardiographic evidence of pulmonary hypertension in conjunction with ventilatory support and other appropriate agents. 

	6. CONTRAINDICATION 
	6. CONTRAINDICATION 
	The NO from the LungFit PH is contraindicated in neonates dependent on right-to-left shunting of blood. 

	7. HOW SUPPLIED 
	7. HOW SUPPLIED 
	Nitric oxide (NO) is generated by the LungFit PH from room air just prior to delivery into an attached breathing circuit. 

	8. SYMBOLS USED IN THIS MANUAL OR ON THE DEVICE 
	8. SYMBOLS USED IN THIS MANUAL OR ON THE DEVICE 
	Symbol 
	Symbol 
	Symbol 
	Symbol Title 
	Reference Number 
	Description 
	Standard Title and Designation Number 
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	Warning 
	Alert the operator to possible injury, death, or other serious adverse reactions associated with the use or misuse of the device. 
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	Symbol 
	Symbol 
	Symbol 
	Symbol Title 
	Reference Number 
	Description 
	Standard Title and Designation Number 
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	Caution 
	ISO 70000434B 
	-

	Information regarding any special care to be exercised by the user for safe and effective use of the device.  
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	Type B Applied Part 
	5840 
	On medical equipment.  To identify a type B applied part complying with IEC 60601-1. Note – B = Body 
	IEC/TR 60878 Graphical symbols for electrical equipment in medical practice. 
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	Bell Cancel (Alarm Silence) 
	5576 
	To identify the control whereby a bell may be switched off or to indicate the operating status of the bell. 
	IEC/TR 60878 Graphical symbols for electrical equipment in medical practice. 
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	Alarm Silence Activation Button 
	N/A 
	Button used to silence high priority alarms for 2 minutes. 
	N/A 
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	Equipotentiality 
	5021 
	To identify the terminals which, when connected together, bring the various parts of an equipment or of a system to the same potential, not necessarily being the earth (ground) potential, e.g., for local bonding. 
	IEC/TR 60878 Graphical symbols for electrical equipment in medical practice. 
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	TD
	Figure

	Refer to Instruction Manual/Booklet 
	ISO 7010M002 
	-

	To signify that the instruction manual/booklet must be read. 
	IEC/TR 60878 Graphical symbols for electrical equipment in medical practice. 
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	Catalogue Number 
	5.1.6 
	Indicates the manufacturer’s catalogue number so that the medical device can be identified. 
	ISO & ANSI/AAMI/ISO 15223-1 Medical devices – Symbols to be used with medical device labels – General requirements. 
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	Serial Number 
	5.1.7 
	Indicates the manufacturer’s serial number so that a specific medical device can be identified. 
	ISO & ANSI/AAMI/ISO 15223-1 Medical devices – Symbols to be used with medical device labels – General requirements. 
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	Symbol 
	Symbol 
	Symbol 
	Symbol Title 
	Reference Number 
	Description 
	Standard Title and Designation Number 
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	Batch Code 
	5.1.5 
	Indicates the manufacturer’s batch code so that the batch or lot can be identified. 
	ISO & ANSI/AAMI/ISO 15223-1 Medical devices – Symbols to be used with medical device labels – General requirements. 

	TR
	TD
	Figure

	“OFF” (Power) 
	5008 
	To indicate disconnection from the mains, at least for mains switches or their positions, and all those cases where safety is involved. 
	IEC/TR 60878 Graphical symbols for electrical equipment in medical practice. 
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	“ON” (Power) 
	5007 
	To indicate connection to the mains, at least for mains switches or their positions, and all those cases where safety is involved. 
	IEC/TR 60878 Graphical symbols for electrical equipment in medical practice. 
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	Alternating Current 
	N/A 
	To indicate connection to alternating current. 
	IEC/TR 60878 Graphical symbols for electrical equipment in medical practice. 
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	Do Not Reuse 
	5.4.2 
	To indicate the item is for single use only and must not be used more than once, for example packages of medical disposables 
	ISO 15223-1: 2016 Reference No. 5.4.2 (ISO 7000 – 1051) 
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	Non-sterile Component 
	5.2.7 
	To indicate item has not been sterilized 
	ISO 15223-1:2016 Reference No. 5.2.7 (ISO 70002609) 
	-
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	Consult Instructions for Use 
	5.4.3 
	Indicates the need for the user to consult the instructions for use 
	ISO 15223-1:2016 Reference No. 5.4.3 (ISO 70001641) 
	-
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	Symbol 
	Symbol 
	Symbol 
	Symbol Title 
	Reference Number 
	Description 
	Standard Title and Designation Number 
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	Date of manufacture 
	5.1.3 
	Indicates the date when the medical device was manufactured 
	ISO 15223-1:2016 Reference no. 5.1.3. (ISO 70002497) 
	-


	TR
	TD
	Figure

	Manufacturer 
	5.1.1 
	Indicates the medical device manufacturer 
	ISO 15223-1:2016 Reference No. 5.1.1 (ISO 70003082) 
	-
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	Use-by Date 
	5.1.4 
	Indicates the date after which the medical device is not to be used 
	ISO 15223-1: 2016 Reference No. 5.1.4 (ISO 7000 – 2607) 
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	Temperature Limit 
	5.3.7 
	Indicates the temperature limits to which the medical device can be safely exposed 
	ISO 15223-1:2016 Reference No. 5.3.7 (ISO 70000632) 
	-
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	Humidity Limitation 
	5.3.8 
	Indicates the range of humidity to which the medical device can be safely exposed 
	ISO 15223-1:2016 Reference No. 5.3.8 (ISO 70002620) 
	-
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	Atmospheric Pressure Limitation 
	5.3.9 
	Indicates the range of atmospheric pressure to which the medical device can be safely exposed. 
	ISO 15223-1:2016 Reference No. 5.3.9 (ISO 70002621) 
	-
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	Prescription Use Only 
	N/A 
	Caution: Federal law restricts this device to sale by or on the order of a licensed medical practitioner. 
	21 CFR 801.109 Subpart D 
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	Symbol 
	Symbol 
	Symbol Title 
	Reference Number 
	Description 
	Standard Title and Designation Number 
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	MR Unsafe 
	N/A 
	Indicates an item which poses unacceptable risks to the patient, medical staff, or other persons within the MR environment. 
	ASTM F2503-20 



	9. PRODUCT DESCRIPTION 
	9. PRODUCT DESCRIPTION 
	The LungFit PH System generates nitric oxide (NO) from room air and delivers it to a mechanical ventilator breathing circuit in a controlled concentration from 0.1 to 80 ppm NO.  The attached nitric oxide delivery module (NDM) measures the gas flow in the ventilator breathing circuit and delivers a controlled flow of nitric oxide enriched gas into the breathing circuit.  The device also incorporates a gas monitoring system (with user-set alarms) for measuring the gas concentrations of nitric oxide, nitrogen
	2
	2

	The system is comprised of three sub-systems: The NO Generator with the NOFilter, the Nitric Oxide Backup and Bagging System, and the Gas Sampling and Monitoring System. Figure 1 shows the LungFit PH system. Figure 2 shows the LungFit PH Delivery and Backup System Connectors.  Figure 3 shows the back panel of the LungFit PH.  
	2 

	NO2 Filter Release Bagging System Connector User Interface and Monitor NO2 Filter 
	Figure 1: The LungFit PH System 
	Figure 1: The LungFit PH System 
	Figure 2: LungFit PH Delivery and Backup System Connectors 
	Figure 3: Back Panel of LungFit PH 

	Figure
	Nitric Oxide Source Selector Switch Nitric Oxide Delivery Module (NDM) Cable Connector Nitric Oxide Injector Line Connect Fitting Sample Line Luer Lock Fitting Mains Power Indicator 
	Screen Height Locking Knob Screen Cable Connector Mains Power Cable Power Switch Cart Bracket Lock Insertion Point 
	9.1 NO Generator and NOFilters 
	9.1 NO Generator and NOFilters 
	2 

	• NO Generator 
	The NO generator subsystem produces nitric oxide (NO) from the oxygen and nitrogen in ambient room air. Ambient air (containing approximately 21% oxygen and 79% nitrogen) for the NO generation is drawn into the device by a gas pump. This air is passed through a particulate filter (removing dust particles) and then to a flow meter that measures the air gas flow. The pump and the flow meter are connected to a micro-controller that ensures the required gas flow of air passes through the NO reaction chamber. 
	Figure
	• NOFilter 
	2 

	At the outlet of the NO generator is an NOfilter. Its function is to remove NOfrom the NO-containing gas flow before it is delivered to the ventilatory circuit. Electronic circuitry in each filter is used to log filter usage to ensure it has not been depleted due to previous use. There is one 1-micron filter on the inlet of the filter and one on the outlet of the NOfilter. 
	2 
	2 
	2 

	A single filter will provide 12 hours of NOfiltering, regardless of NO concentration and ventilator settings. 
	2 

	Figure
	Figure 4: LungFit PH NOFilter 
	2 

	CAUTION: Replace and Dispose of filter after 12 hours of use. 
	Figure

	9.2 Nitric Oxide Delivery Module (NDM) 
	9.2 Nitric Oxide Delivery Module (NDM) 
	The Nitric Oxide Delivery Module (NDM) (see Figures 5 and 6) measures gas flow in the ventilator breathing circuit (flow sensor) and delivers nitric oxide gas mixture into the inspiratory limb of the ventilator breathing circuit (injector line and adapter). The NDM is placed close to the ventilator gas outlet (at least 6 inches/15 cm from the ventilator inspiratory outlet and before the humidifier) to allow for proper mixing of nitric oxide enriched gas from the NDM with the ventilator delivered gas flow. 
	NDM Cable NDM (Flow Sensor and Injector Line) Humidifier Chamber Inlet 
	Figure 5: Nitric Oxide Delivery Module, with Cable and Injector Line, Attached to Humidifier Chamber Inlet 
	LungFit PH System Operator’s Manual; PN 20038 Version: 9 Page 21 of 111 
	Figure 6: NDM Assembly, comprised of NO Injector Adapter and Tubing, Flow Sensor. Flow enters the flow sensor and exits through the injector adapter. Flow Sensor FLOW NO Injector Line Tubing NO Injector Adapter Quick Connect Adapter 
	CAUTION: NDM kit components, except for the NDM Cable, to be used on one patient only. 
	Figure

	9.3 Gas Sampling and Monitoring System 
	9.3 Gas Sampling and Monitoring System 
	• Gas Sampling 
	The system includes a gas monitoring module, with alarms, for measuring and monitoring the NO, NOand the Oconcentrations in the ventilator circuit. This is done by sampling the gas flow in the inspiratory limb of the ventilator breathing circuit near the patient connection. The sampling line is attached on one end to the inspiratory limb of the ventilator breathing circuit near the patient connection and to the LungFit PH System gas sampling port at the other. A gas pump draws approximately 230 mL/min of ga
	2 
	2 

	A hydrophobic filter and Nafion tubing are used to prevent condensation and liquid from entering the internal sampling pump and sensors. The single use Gas Sample Line is shown in Figure 7.  
	Filter Side, Connects to PH 
	Connects to 
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	CAUTION: Single use sample line to be used on one patient only; discard if contaminated. CAUTION: Aerosolized medications delivered before the sample may clog and obstruct the sample line filter and trigger a low sample flow alarm. 
	Figure
	• Monitor Screen and User Interface The monitor screen and user interface are shown in Figure 8. 
	STATUS Section Adjustment Wheel Monitor Section Alarm Indicator Section 
	Figure 8. LungFit PH System Monitor/User Interface 
	o STATUS Section Filter time: Displays time remaining (hours and minutes) for the installed NOfilter 
	2 

	Power: Displays current power source (Mains or Battery) Battery: Displays current battery charge level in percent 
	o Monitor Section 
	O(%): Displays monitored Oconcentration in percent LOW: Displays Low OAlarm setting HIGH: Displays High OAlarm setting 
	2 
	2 
	2 
	2 

	Figure
	NO(ppm): Displays monitored NOconcentration in ppm HIGH: Displays High NOAlarm 
	2 
	2 
	2 

	NO (ppm): Displays monitored NO concentration in ppm LOW: Displays Low NO Alarm setting HIGH: Displays High NO Alarm setting 
	NO Set (ppm): Displays current NO concentration setting as the filled in portion of 0-80 ppm vertical bar graph 
	Used in conjunction with the Adjustment Wheel to change NO concentration delivered into the breathing circuit 
	o Alarm Indicator Section 
	Displays any active alarms or previous alarms that were not reset. 
	o Adjustment Wheel 
	Used to adjust settings for alarms and set NO concentration. Rotate wheel clockwise or counterclockwise to adjust active setting or alarm then press wheel until it clicks to confirm the setting. 
	o Buttons Alarm Silence button 
	Press button during an active alarm state to silence alarm for 2 minutes. Any new alarm that is triggered during this state will cancel the silenced state. 
	a. 
	a. 
	a. 
	High Priority Alarms: Audible alarms will be silenced for 2 minutes 

	b. 
	b. 
	Low Priority Alarms: Audible alarms will remain silenced; visual indicators will remain as long as alarm is active 


	Oxygen Alarm button 
	Press button once to adjust LOW oxygen alarm setting. Press button 
	twice to adjust HIGH oxygen alarm setting. 
	Figure
	Figure
	Figure
	Figure
	NOAlarm button 
	2 

	Press button to adjust HIGH nitrogen dioxide alarm setting. 
	Figure
	NO Alarm button 
	Press button once to adjust LOW nitric oxide alarm setting.  Press button twice to adjust HIGH nitric oxide alarm setting. 
	Figure
	NO Set button 
	Press button to initiate nitric oxide concentration adjustment. 
	Figure
	Sensor Zero button 
	Press button to initiate a sensor zeroing operation.  Note this can be performed while system is delivering nitric oxide to a patient. 
	Figure
	Sensor Calibration button 
	Press button to initiate a sensor calibration. 
	Figure
	Menu Screen button 
	Press button to bring up menu section of STATUS Screen.  On this screen, further information can be obtained about Alarm History, Backup Delivery System (filter duration), Brightness, Information, Version, and Setting the Clock. 
	Figure

	9.4 The Nitric Oxide Backup and Bagging System 
	9.4 The Nitric Oxide Backup and Bagging System 
	The integrated Backup NO delivery system is a completely independent backup NO generating system that is separate from the main delivery system; it has its own NO generator and gas flow delivery system. Backup NO flow can be delivered to one of two different locations by using the System Selector switch located on the front panel of the LungFit PH system (see Figure 2). 
	System Selector Switch Position 
	System Selector Switch Position 
	System Selector Switch Position 
	NO Flow Path 

	MAIN System (Center) 
	MAIN System (Center) 
	Injector Line 

	Backup NO Injector Line (Right) 
	Backup NO Injector Line (Right) 
	Injector Line 

	Bagging System (Left) 
	Bagging System (Left) 
	Bagging System Connector (flow continues through Injector Line if NO concentration set above zero and flow sensor detects flow) 


	Table 1: System Selector Switch Description 
	There are three positions available for the Selector Switch: 
	1. MAIN System When the Selector Switch is turned to “Main System” position, the main NO delivery system is delivering NO through the injector tube to the NDM adaptor in the ventilator circuit at the level of NO set on the user interface display as previously described. 
	2. Backup NO Injector Line When the Selector Switch is turned to “Backup NO” position (which is most likely to occur if there has been a failure of the main NO delivery system), the internal backup NO module is turned on and delivers 1 L/min of 220 ppm of NO to the ventilator circuit through the same NOfilter and injector tube as the main system. This provides a quick resumption of NO delivery with a minimum time of interruption to the patient. The “Main” NO delivery system is turned off when the Selector S
	2 

	3. Bagging System 
	(See section 12 for details on how to set up the bagging system for LungFit PH) 
	When the Selector Switch is turned to “Bagging System” position, the backup NO module turns on and delivers 1 L/min of 220 ppm of NO through a separate internal NOfilter to the Bagging System connector on the front panel of the LungFit PH system. The Bagging System connector has two tubing fittings: one for connecting to an air/oxygen source through oxygen tubing or equivalent to provide an external flow of air/oxygen and the other to connect to a manual resuscitator for manually ventilating a patient. The 
	2 

	Figure
	Figure 9: Dilution Flow and Final Bagging System Flow, Using 10 L/min dilution flow as an example. 
	Air/Oxygen Flow (L/min) 
	Air/Oxygen Flow (L/min) 
	Air/Oxygen Flow (L/min) 
	Delivered NO (ppm) 

	4 
	4 
	44 

	5 
	5 
	37 

	6 
	6 
	31 

	7 
	7 
	28 

	8 
	8 
	24 

	9 
	9 
	22 

	10 
	10 
	20 

	11 
	11 
	18 

	12 
	12 
	17 

	13 
	13 
	16 

	14 
	14 
	15 

	15 
	15 
	14 

	16 
	16 
	13 

	18 
	18 
	12 

	20 
	20 
	11 


	Table 2: Bagging System Dilution Table. External air/oxygen mixture is added to the 1 L/min/220 ppm NO flow from the LungFit PH to give a final NO concentration as indicated. Total flow delivered will be the air/oxygen flow plus the 1 L/min from the LungFit PH. 
	Figure
	To check time remaining on Bagging System Internal NOfilter: 
	2 

	• 
	• 
	• 
	Press MENU button 

	• 
	• 
	Turn Control Wheel clockwise one click so that selection box is around 


	Backup Delivery 
	• 
	• 
	• 
	Bagging Filter Duration time will be displayed in ALARMS section of screen (see Figure 10) 

	• 
	• 
	Press MENU button to return to Main Screen 


	Figure
	Figure 10: Bagging Filter duration displayed in ALARMS Section of Screen 
	Figure 10: Bagging Filter duration displayed in ALARMS Section of Screen 


	Figure
	9.5. Automatic Purge Cycles 
	9.5. Automatic Purge Cycles 
	Room air is the carrier gas for the delivered nitric oxide. This allows the system to purge the delivery lines when NO generation has been paused. Whenever a purge routine is active, Purging will appear as a message in the STATUS section of the screen. 
	Automatic Purge Routines are: 
	• 
	• 
	• 
	• 
	NO Set dose changed from >0 ppm to 0 ppm 

	o 10% of ventilator flow through the NO generation chamber and injector line (if attached) for 5 seconds 

	• 
	• 
	• 
	NO delivery selector switched from Bagging System to MAIN System 

	o 6 second purge of backup NO generation chamber through the Bagging System Outlet port 

	• 
	• 
	• 
	NO delivery selector switched from Backup NO to MAIN System 

	o 6 second purge of backup NO generation chamber through the Bagging System Outlet port followed by a 2 second purge of 1 L/min through the ventilator outlet port 

	• 
	• 
	• 
	System power switched to OFF position 

	o 
	o 
	o 
	o 
	5 second purge through the NO generator chamber. 

	Note that if an NOfilter is not installed, flow will exit through the right side NOfilter port (nearest outer edge of device). If an NOfilter is installed, flow will exit through the injector line port on the front of the device 
	▪
	2 
	2 
	2 


	o 
	o 
	2 second purge through the Backup NO generator chamber 






	9.6. Battery 
	9.6. Battery 
	The LungFit PH is equipped with 2 rechargeable Lithium Ion batteries. Together, the LungFit PH batteries provide up to 4 hours of run time when fully charged, under the following conditions: 
	• 
	• 
	• 
	2 hours of MAIN System when set to deliver 20 ppm NO at a flow of 10 L/min and 

	• 
	• 
	2 hours of NO Backup (Backup NO or Bagging System active) with MAIN System NO dose set to zero. 


	The LungFit PH batteries are housed internally and can only be replaced by trained technicians. 
	Figure
	10. LUNGFIT PH SYSTEM SETUP 
	10.1 Nitric Oxide Delivery Module (NDM) Assembly 
	Attach the NDM cable to the flow sensor of the NDM: 
	• 
	• 
	• 
	Align cable head with flow sensor so that locking tabs are lined up together and pins are lined up with the pads (see Figure 11). 

	• 
	• 
	Slide locking tab of cable head beneath locking tab of flow sensor. 

	• 
	• 
	Support the bottom of the flow sensor (side opposite to flow sensor pads) and press down on the top of the cable head until locking clip clicks into place (see Figures 11 and 12). 

	• 
	• 
	Attach cylindrical end of NDM cable to NDM connector port of LungFit PH unit (see Figure 13). 

	• 
	• 
	Connect injector adapter tubing to Ventilator NO Outlet of LungFit PH by pushing the quick connect fitting until it clicks into place. (see Figures 14-16). 


	Pins on Cable Locking Tab Locking Tab Pads on Flow Sensor 
	Figure 11: NDM Flow Sensor and Cable Connector 
	Figure 11: NDM Flow Sensor and Cable Connector 


	Figure
	Figure 12: Cable Head attached to the single use flow sensor. Note that the head sits flat on the sensor with no gaps and the locking clip is locked in place. Locking Clip Cable Head **No Gaps** Flow Sensor 
	NDM Cable Port Ventilator NO Outlet (Injector Line) LungFit PH Gas Sample Line with Filter Luer Connection 
	Figure 13: NDM & Gas sample line Connections to the LungFit PH Main Unit 
	Figure 13: NDM & Gas sample line Connections to the LungFit PH Main Unit 


	NDM Cable (Dual Ridges Facing Up) 
	Figure 14: NDM Cable Orientation (dual ridges facing up) 
	Figure 14: NDM Cable Orientation (dual ridges facing up) 


	Injector Line Quick Connect Fitting LungFit PH Gas Sample Line with Filter 
	Figure 15: LungFit PH Injector Line Quick Connect Fitting 
	Figure 15: LungFit PH Injector Line Quick Connect Fitting 


	Figure
	Figure 16: Injector Line Quick Connect Adapter 
	Figure 16: Injector Line Quick Connect Adapter 


	Figure
	LungFit PH Quick Connect Fitting Injector Tubing Quick Connect Fitting 
	Figure 17: Injector Line Properly Connected to LungFit PH. To insert, press the injector tubing quick connect fitting straight into the LungFit PH quick connect fitting until it clicks into place. To remove, push the outer sleeve of the LungFit PH quick connect fitting back until the tubing quick connect fitting pops out (spring release). 
	Figure 17: Injector Line Properly Connected to LungFit PH. To insert, press the injector tubing quick connect fitting straight into the LungFit PH quick connect fitting until it clicks into place. To remove, push the outer sleeve of the LungFit PH quick connect fitting back until the tubing quick connect fitting pops out (spring release). 


	Figure
	10.2 Gas Sample Line setup 
	Connect the gas sample line with filter (Figure 7) to the LungFit PH system: 
	• 
	• 
	• 
	Connect the sample line end with the filter to the Luer lock connection on the front of the LungFit device (see Figures 13 and 15). 

	• 
	• 
	The Nafion end of the sample line will attach to the Luer connection on either the Verification kit (see section 10.4, Figure 18) or the ventilator circuit (see Figure 19) 



	10.3 LungFit PH Startup 
	10.3 LungFit PH Startup 
	• 
	• 
	• 
	Place the LungFit PH System in its ready state by turning power switch located on rear panel of the device to ‘ON’ position (see Figure 3). 

	• 
	• 
	The system will quickly go through a series of internal checks and tests and check for an installed filter (typically 8-12 seconds). After this, it will immediately display sensor readings and be ready to use. 

	• 
	• 
	Observe for any alarm messages (in alarm indicator section) once startup sequence is complete. 

	• 
	• 
	• 
	Note: If a filter is not inserted when system powers on, the following messages are shown: 

	▪
	▪
	▪
	▪

	STATUS Section: Filter Not Found 

	▪
	▪
	▪

	ALARMS Section: Filter Not Detected 

	▪
	▪
	▪

	Illuminated low Alarm indicator (Amber LED below MUTE button) with two (2) audible beeps every 30 seconds. 


	• Pressing MUTE button will silence audible notification as long as alarm condition is active (for low alarm conditions), until a new alarm is induced. 

	• 
	• 
	• 
	Install an NOfilter if one is not already in place 
	2 


	▪
	▪
	▪
	▪

	Observe that Filter Time reading is greater than 30 minutes. A new filter will result in a displayed Filter Time of 12 hours. 

	▪
	▪
	▪

	Note: Filter Time (time remaining on a 12-hour filter) is stored on the filter. The correct Filter Time will be identified if used on a different LungFit PH unit. 



	• 
	• 
	Allow gas sensors to stabilize for at least 3 minutes 

	• 
	• 
	Zero gas sensors as per Section 16.1. 

	• 
	• 
	Complete a Verification Check (see next section) 


	Figure
	Table
	TR
	Description 
	Source 

	1 
	1 
	Verification Kit Pre-assembled Component 1 (Oxygen tubing, Oxygen Stem, Corrugated Tubing) 
	Verification Kit 

	2 
	2 
	Verification Kit Pre-assembled Component 2 (Connector, Corrugated Tubing (x2), Connector with Sample Port) 
	Verification Kit 

	a 
	a 
	NDM Flow Sensor Cable 
	LungFit PH 

	b 
	b 
	NDM Pre-assembled Components (Flow Sensor, Connector with Injector Port, Injector Line) 
	NDM Kit 

	c 
	c 
	Sample Line 
	Sample Line Kit 

	Figure 18: Verification Circuit, Assembled 
	Figure 18: Verification Circuit, Assembled 


	Figure
	10.4 Verification Check 
	WARNING: Complete a Verification Check outlined in this manual at least once per month. 
	• 
	• 
	• 
	• 
	When to perform a Verification Check: 

	o 
	o 
	o 
	Monthly, in conjunction with sensor calibration 

	o 
	o 
	Between patient uses  



	• 
	• 
	• 
	Running the Verification Check: 

	1. 
	1. 
	1. 
	1. 
	Assemble Verification Circuit as shown in Figure 18 

	1.1 Connect Oxygen Tubing from Verification Kit Pre-Assembled Component 1 to a 100% oxygen source, typically with a 0-15 L/min flowmeter 
	1.2 Connect Corrugated Tubing from Verification Kit Pre-Assembled Component 1 to NDM Kit Flow Sensor (b) 
	1.3 Connect NDM kit Connector with Injector Port (b) to the Straight Connector from the Verification Kit Pre-Assembled Component 2 
	1.4 Connect the NDM Flow Sensor Cable (a) to the NDM Kit Flow Sensor (b) 
	1.5 Connect the Sample Line to the port on the Connector with Sample Port from the Verification Kit Pre-Assembled Component 2 

	2. 
	2. 
	Connect NDM Flow Sensor Cable and NO Injector Line from NDM Kit to LungFit PH System (see Figure 13) 

	3. 
	3. 
	Connect Sample Line (filter end) to Sample Inlet on LungFit PH System (see Figure 13) 

	4. 
	4. 
	4. 
	Install an NOFilter. 
	2 


	4.1 In STATUS Section of the main screen, observe remaining filter time, changing filter as necessary. 
	5. 
	5. 
	5. 
	Turn oxygen flow to 10 L/min 


	6. 
	6. 
	6. 
	Test Backup System: 


	6.1 Turn Backup NO Switch to the position on the right (Backup NO Injector Line). 
	6.2 Allow equalization period of at least 30 seconds 
	6.3 Observe stable monitored values: 
	6.4 If the monitored values are not within the stated values above, complete the following steps: 
	• 
	• 
	• 
	Verify correct verification set up (see figure 18) and flow (10 L/min) 

	• 
	• 
	Perform sensor zero and calibration if possible then repeat verification check 

	• 
	• 
	Replace LungFit PH System if verification check fails 



	7. 
	7. 
	7. 
	Test Main System: 

	7.1 Turn Selector Switch to “Main System” 
	7.2 Set the LungFit PH System ‘NO Set (ppm)’ value to 40 ppm. 
	7.3 Allow equalization period of at least 30 seconds 
	7.4 Observe stable monitored values: 
	7.5 If the monitored values are not within the stated values above, complete the following steps: 
	• 
	• 
	• 
	Verify correct verification set up (see figure 18) 

	• 
	• 
	Perform sensor zero and calibration if possible then repeat verification check 

	• 
	• 
	Change NDM then repeat verification check 

	• 
	• 
	Change NDM cable then Repeat verification check 

	• 
	• 
	Replace LungFit PH System if verification check fails 


	8. 
	8. 
	8. 
	Set the LungFit PH System ‘NO Set (ppm)’ value to 0 ppm 


	9. 
	9. 
	9. 
	Turn System Selector Switch to center MAIN System position. 


	10. 
	10. 
	10. 
	Verification check is now complete. 






	Figure
	NO 
	NO 
	NO 
	NO2 
	O2 

	20 ± 6 ppm 
	20 ± 6 ppm 
	< 2 ppm 
	93 ± 3% 


	NO 
	NO 
	NO 
	NO2 
	O2 

	40 ± 8 ppm 
	40 ± 8 ppm 
	< 2 ppm 
	93 
	+ 3% 


	10.5 Monthly Procedures 
	The following procedures should be performed monthly: 
	• 
	• 
	• 
	Complete zero and calibration of sensors 

	• 
	• 
	Complete Verification Check 

	• 
	• 
	Check bagging filter duration 


	Figure
	11. USING THE DEVICE 
	Figures 19 and 20 show how the system integrates with a ventilator circuit for use on a patient. 
	11.1 Setting up the ventilator circuit 
	• 
	• 
	• 
	Place flow sensor/injector adapter (Nitric Oxide Delivery Module, NDM) on the inlet port of the humidifier.  Be sure that it is placed on the dry side of the humidifier chamber and that the flow sensor is above (before) the injector adapter. (See Figure 19 for using with a conventional ventilator circuit and Figure 20 for use with a Vyaire 3100A HFO ventilator) 

	• 
	• 
	Attach tube from the inspiratory outlet of ventilator to 22mm OD end of flow sensor. 

	• 
	• 
	Connect sample line to sample tee adapter. 

	• 
	• 
	Place sample tee adapter in the inspiratory limb of the ventilator circuit, at least 18 inches downstream of the NDM to ensure adequate mixing of nitric oxide with ventilator flow. Place adapter close to the patient wye (approximately 6 inches from the patient wye) to accurately measure inhaled NO, NO2 and O. 
	2



	WARNING: Always have an independent back up NO delivery system available close at hand as a contingency in the event the LungFit PH System becomes inoperative during a NO therapy session. 
	Figure
	WARNING: The LungFit PH System sample line withdraws approximately 230 mL/minute of gas flow from the ventilator breathing circuit.  Flow sensitivity adjustment on the ventilator may be necessary to prevent auto-cycling of the ventilator (repetitive triggering of mechanical breath). 
	Figure
	WARNING: Place the gas sample line on the breathing circuit inspiratory limb and close to the patient connection (approximately 6 inches from patient wye, and at least 18 inches downstream from the NDM) to accurately measure inhaled NO, NO2 and O. 
	2

	Figure
	Figure
	Figure 19: Connecting the LungFit PH System to a Mechanical Ventilator Circuit 
	Figure 19: Connecting the LungFit PH System to a Mechanical Ventilator Circuit 


	Figure
	Figure 20: Connecting the LungFit PH System with the Vyaire 3100A HFO Ventilator 
	Figure 20: Connecting the LungFit PH System with the Vyaire 3100A HFO Ventilator 


	Figure
	11.2 Begin NO Therapy 
	• 
	• 
	• 
	Observe that there are no Active Alarms, as indicated in ALARMS Section of the User Interface (see Figure 21). 

	• 
	• 
	Press “NO Set” button on the front panel 


	o In “NO Set” portion of screen, a box will appear that contains current NO set point 
	(see Figure 21) 
	• Set desired NO concentration on LungFit PH System: 
	o 
	o 
	o 
	Turn Adjustment wheel to adjust NO set point. 

	o 
	o 
	Accept new NO setting by pressing wheel until it clicks. The setpoint box and number will disappear, leaving only the bar graph in place with the updated NO set point. 


	• 
	• 
	• 
	Observe that the measured NO concentration is consistent with the set NO concentration and that NOand Oconcentrations are in the desired range. 
	2 
	2 


	• 
	• 
	Set NO, NO, and Oalarms appropriately. 
	2
	2 



	Figure
	Figure 21: NO Set Adjustment. Note box around NO set point (17 on screen) 
	Figure 21: NO Set Adjustment. Note box around NO set point (17 on screen) 


	Figure
	Figure
	CAUTION: Condensing humidity will impair the function of the sensors. In the unlikely event that the sensor(s) gets wet, turn the unit on and sample room air to allow the analysis module to dry out. Once dry, the sensors will function normally. 
	WARNING: Adjustments to ventilator FiO2 may be required when administering nitric oxide gas as the FiO2 delivered to the patient may change due to the dilution effect of the NO gas. 
	11.3 Changing an NOFilter 
	2 

	Figure
	WARNING: A non-expired NOFilter must be properly installed at all times for the LungFit PH System to function.  
	2 

	• 
	• 
	• 
	Insert new filter as quickly as possible (within 15 seconds) to minimize interruption of NO treatment 

	• 
	• 
	If the filter is not installed, there will be no nitric oxide delivered through the NO Injector Line Outlet 

	• 
	• 
	The device will not start if the installed NOFilter is past its designated usage time. 
	2 


	• 
	• 
	The device will alarm (Change NOFilter) if the installed NOFilter is past its designated usage time. 
	2 
	2 


	• 
	• 
	Always have at least one spare NO2 Filter available 


	• 
	• 
	• 
	The process for changing the NOfilter is the same during a case or as part of the device set up. 
	2 


	• 
	• 
	From the NOfilter package label, confirm filter is not past its expiry date (see Figure 22). Note that the expiry date is also stored electronically on each filter and an ‘NOFilter Expired’ alarm will be triggered if there is an attempt to use an NOFilter past its expiry date. 
	2 
	2 
	2 


	• 
	• 
	Remove NOfilter from package 
	2 


	• 
	• 
	Remove existing filter (see Figure 23): 


	Filter Expiry Date 
	Figure 22: LungFit PH 12 Hour Filter Package Label with expiry date (arrow) 
	Figure 22: LungFit PH 12 Hour Filter Package Label with expiry date (arrow) 


	o 
	o 
	o 
	Press and hold NOFilter Release button 
	2 


	o 
	o 
	Hold NOfilter on outer side edges and pull it straight down 
	2 



	• Note: This can be either a one-handed or two-handed procedure 
	Figure
	Figure 23: One-handed removal of NOfilter 
	Figure 23: One-handed removal of NOfilter 
	2 



	• Insert new filter by lining up the middle of the front face of the filter with the filter release button and sliding vertically (see Figure 24). An audible ‘click’ will be heard when it is fully seated. 
	o 
	o 
	o 
	Note: There is a tab on the filter insertion guide of the LungFit PH that acts as a guide for the filter installation (see Figure 25). The slot on the back face of the NOfilter must be aligned to this tab so that when the filter is slid in vertically it will be correctly aligned with the LungFit PH filter fittings (see Figure 26). 
	2 


	o 
	o 
	Note: The NOfilter clicks into place when the tab on the front face of the NOfilter is locked in place by the locking clip on the LungFit PH (see Figure 27). 
	2 
	2 



	Figure
	Figure 24: New NOFilter lined up and ready to be slid in vertically 
	Figure 24: New NOFilter lined up and ready to be slid in vertically 
	2 



	Figure
	Figure 25: LungFit PH NOFilter Insertion Guide, with Tab (arrow). 
	Figure 25: LungFit PH NOFilter Insertion Guide, with Tab (arrow). 
	2 



	Figure
	Figure 26: NOFilter correctly aligned on the LungFit PH Filter Insertion Guide. At this point, sliding the filter vertically will align the filter openings with the LungFit PH fittings and result in a successful filter installation, which is evident when the filter is clicked into place. 
	Figure 26: NOFilter correctly aligned on the LungFit PH Filter Insertion Guide. At this point, sliding the filter vertically will align the filter openings with the LungFit PH fittings and result in a successful filter installation, which is evident when the filter is clicked into place. 
	2 



	Figure
	Figure 27: NOFilter Successfully Installed and Locked in Place. 
	Figure 27: NOFilter Successfully Installed and Locked in Place. 
	2 



	Figure
	WARNING: A non-expired NOFilter must be properly installed at all times for the LungFit PH System to function.  
	2 

	• 
	• 
	• 
	Insert new filter as quickly as possible (within 15 seconds) to minimize interruption of NO treatment 

	• 
	• 
	If the filter is not installed, there will be no nitric oxide delivered through the NO Injector Line Outlet 

	• 
	• 
	The device will not start if the installed NOFilter is past its designated usage time. 
	2 


	• 
	• 
	The device will alarm (Change NOFilter) if the installed NOFilter is past its designated usage time. 
	2 
	2 


	• 
	• 
	Always have at least one spare NO2 Filter available 


	Figure
	Figure 28: NO Flows Through the NO Injector Line when a NOFilter is Installed in the LungFit PH 
	Figure 28: NO Flows Through the NO Injector Line when a NOFilter is Installed in the LungFit PH 
	2 



	Figure
	Figure 29: Zero NO Flow Through the NO Injector Line when a NOFilter Is NOT Installed in the LungFit PH 
	Figure 29: Zero NO Flow Through the NO Injector Line when a NOFilter Is NOT Installed in the LungFit PH 
	2 



	Figure
	• Confirm that new filter is recognized by LungFit PH system by observing updated value for Filter Time in STATUS Section (see Figure 30). 
	Figure
	Figure 30: Filter Time remaining (12h 00 m) on STATUS section of User Interface 
	Figure 30: Filter Time remaining (12h 00 m) on STATUS section of User Interface 


	Figure
	11.4 Adjusting Alarms 
	WARNING: Ensure NO, NO2, and O2 alarms are set to acceptable limits when delivering NO to a patient. 
	• Press alarm adjustment button for the desired parameter (see Figure 31).  Press button the appropriate number of times to access desired alarm parameter: 
	o 
	o 
	o 
	OLow: Press once High: Press twice 
	2 


	o 
	o 
	NOHigh: Press once 
	2 


	o 
	o 
	NO Low: Press once High: Press twice 


	• 
	• 
	• 
	Observe that the alarm that is selected has a box around the displayed value 

	• 
	• 
	Turn Adjustment Wheel (see Figure 31) to desired alarm level, as indicated by small number below alarm label. 

	• 
	• 
	Press wheel until it clicks to confirm new value. 

	• 
	• 
	Default alarm values: 


	o O: • Low: 18% 
	2

	• High: --(OFF) 
	o NO 
	• 
	• 
	• 
	Low: 10 ppm 

	• 
	• 
	High: 100 ppm 

	• 
	• 
	High: 3 ppm 


	o NO: 
	2

	LOW NO Alarm Value (Within Box) 
	Figure 31: Setting the Low NO Alarm on the LungFit PH 
	11.5 Adjusting NO Concentration 
	• 
	• 
	• 
	Press NO SET button on User Interface panel. The current NO set value will appear in a box to the left of the bar graph (see Figure 32). 

	• 
	• 
	Turn Adjustment Wheel until set point reaches desired NO concentration level. 

	• 
	• 
	Press Adjustment Wheel until it clicks to confirm new value. The set value box will disappear, and the new NO setting will be shown in the bar graph. 


	Figure
	Figure 32: Setting the NO Concentration on the LungFit PH 
	Figure 32: Setting the NO Concentration on the LungFit PH 


	11.6 Pausing Therapy 
	• Set NO concentration on LungFit PH System to zero (0) 
	o Note the system will automatically purge the tubing between the NO generation chamber and the NDM adapter (including the NO injector line) with room air immediately after the concentration is set to zero. As a result, a NOpurge step is not required when returning to NO therapy after a prolonged pause. See Section 9.5 for details on Automatic Purge Cycles. 
	2 

	• Observe that NO and NOconcentrations return to zero. 
	2 

	o Note that Filter Time will not decrease when NO is set to zero (0) ppm. 
	• To restart nitric oxide delivery, simply set a NO value above zero. Purging of the injector line is not necessary. 
	o The device will automatically purge the injector line with room air when NO is initially set to zero, removing the need to purge the injector line of NOupon restart. 
	2 

	Figure
	11.7 Adjusting time and date 
	• 
	• 
	• 
	Press MENU button to display Menu screen in STATUS area of the display. 

	• 
	• 
	Use control wheel to select Clock Set, indicated by a box surrounding the text (Figure 33) 

	• 
	• 
	Press control wheel to confirm selection of parameter. 

	• 
	• 
	Use control wheel to change selected parameter to the desired value. 

	• 
	• 
	Press control wheel again to confirm the value. 

	• 
	• 
	When all parameters are adjusted, press MENU button to return to the main page in the STATUS section. 


	Figure
	Figure 33: Clock Set Screen 
	Figure 33: Clock Set Screen 


	Figure
	11.8 Backup Delivery Menu Page 
	• 
	• 
	• 
	Press MENU button to display MENU screen in STATUS area of the display. 

	• 
	• 
	Use control wheel to select Backup Delivery, indicated by a box surrounding the text. 

	• 
	• 
	Press control wheel. 

	• 
	• 
	Information on Bagging Filter Duration will appear in the ALARMS section of the screen (see Figure 34). 


	o Note that a new Bagging Filter has a 48-hour capacity, and the duration decreases only when the front panel switch is in the Bagging System position 
	• Press MENU button to return to the main screen in the STATUS section. 
	Figure
	Figure 34: Backup Delivery Screen 
	Figure 34: Backup Delivery Screen 


	Figure
	11.9 Alarm History 
	• 
	• 
	• 
	Press MENU button to display Menu screen in the STATUS area of the display. 

	• 
	• 
	Use control wheel to select Alarm History, indicated by a box surrounding the text (see Figure 35) 

	• 
	• 
	Press control wheel. 

	• 
	• 
	The 4 most recent alarms will be displayed in the ALARMS section of the display, along with time of occurrence. 

	• 
	• 
	Use control wheel (clockwise direction) to scroll down to view earlier alarms 

	• 
	• 
	Press MENU button to return to the main screen in the STATUS section. If MENU button is not pressed, the STATUS section will return to the Main Screen after 15 seconds of inactivity. 


	Figure
	Figure 35: Alarm History Screen 
	Figure 35: Alarm History Screen 


	Figure
	11.10 Brightness Adjustment 
	• 
	• 
	• 
	Press MENU button to display Menu screen in the STATUS area of the display. 

	• 
	• 
	Use control wheel to select Brightness, indicated by a box surrounding the text (see Figure 36). 

	• 
	• 
	Turn control wheel to choose appropriate screen brightness. 

	• 
	• 
	Press control wheel to accept adjusted value. 

	• 
	• 
	Press MENU button to return to main screen in the STATUS section. If the MENU button is not pressed, the STATUS section will return to the Main Screen after 15 seconds of inactivity. 


	Figure
	Figure 36: Brightness Adjustment Screen 
	Figure 36: Brightness Adjustment Screen 


	Figure
	11.11 Information Screen 
	• 
	• 
	• 
	Press MENU button to display Menu screen in the STATUS area of the display. 

	• 
	• 
	Use control wheel to select Information, indicated by a box surrounding the text (see Figure 37). 

	• 
	• 
	Information contained on this screen contains calibration status of internal components. 

	• 
	• 
	Press MENU button to return to the main screen in the STATUS section. If the MENU button is not pressed, the STATUS section will return to the Main Screen after 15 seconds of inactivity. 


	Figure
	Figure 37: MENU Information Screen 
	Figure 37: MENU Information Screen 


	11.12 Maintenance 
	• The LungFit PH requires a preventative maintenance (PM) check every 1000 hours of operational use, defined as the accumulated time when the device is actively generating nitric oxide. 
	o 
	o 
	o 
	Accumulated time does not include time when the system is powered ON and NO set is at 0ppm. 

	o 
	o 
	When the system timer reaches 800 hours since the previous PM check, a low priority alarm (Maint. Due <200 hrs) will be generated. This alarm will be present until the device is serviced. 


	• Do not service or maintain any parts of the LungFit PH while in use. 
	Figure
	11.13. Changing components during use 
	• The following components may be changed while the LungFit is in use (if necessary): 
	o 
	o 
	o 
	Sample Line and Filter 

	o 
	o 
	Nitric Oxide Delivery Module (NDM) 


	Note that no nitric oxide will be delivered to the ventilator circuit when the NDM is not attached to the LungFit PH and installed in the ventilator circuit 
	▪

	o NOFilter 
	2 

	▪
	▪
	▪
	▪

	Note that no nitric oxide will be delivered to the ventilator circuit when the NOfilter is not installed in the LungFit PH (see Figure 29). 
	2 


	▪
	▪
	▪

	The Bagging System may be used to supply NO to the patient when an NOfilter is not installed. See Section 12. 
	2 



	Figure
	WARNING: A non-expired NOFilter must be properly installed at all times for the LungFit PH System to function.  
	2 

	• 
	• 
	• 
	Insert new filter as quickly as possible (within 15 seconds) to minimize interruption of NO treatment 

	• 
	• 
	If the filter is not installed, there will be no nitric oxide delivered through the NO Injector Line Outlet 

	• 
	• 
	The device will not start if the installed NOFilter is past its designated usage time. 
	2 



	Filter) if the installed NOFilter is past its designated usage time. 
	The device will alarm (Change NO
	2 
	2 

	• Always have at least one spare NO2 Filter available 
	• List of external accessories (which can be changed during use) and internal components (which will be changed in servicing): 
	External Accessories Changed at point of care 
	External Accessories Changed at point of care 
	External Accessories Changed at point of care 

	NO2 Filter 
	NO2 Filter 

	NDM and Bagging Kits 
	NDM and Bagging Kits 

	Sample Line 
	Sample Line 

	NDM Flow Sensor Cable 
	NDM Flow Sensor Cable 


	Internal Components Changed by technical service 
	Internal Components Changed by technical service 
	Internal Components Changed by technical service 

	Bagging Filter 
	Bagging Filter 

	O2, NO, and NO2 Sensors 
	O2, NO, and NO2 Sensors 

	Batteries 
	Batteries 


	Figure
	12. OUTLET 
	USING THE BAGGING SYSTEM NO/O
	2 

	Figure
	Figure 38: Bagging System Circuit Connections 
	Figure 38: Bagging System Circuit Connections 


	• Note that the LungFit PH Bagging System uses a separate, internal, NOfilter rated at 48 hours when new. To check the time remaining on this internal NOfilter, follow the steps outlined in Section 11.8. 
	2 
	2 

	o The Bagging System will provide NO flow even when the main (external) NOfilter is not installed. 
	2 

	Figure
	• 
	• 
	• 
	Attach oxygen source gas to the OInlet connector (Figure 38, item a. and b.). 
	2 


	• 
	• 
	Attach Bagging System Circuit to the NO/OOutlet of the Bagging System Connector (see Figure 38). 
	2 


	• 
	• 
	Attach resuscitator oxygen tubing to the open barbed fitting of the Bagging System Circuit. 

	• 
	• 
	Ensure that appropriate dilution flow is added to the OInlet of the LungFit PH (Table 3 below) 
	2 



	o 
	o 
	o 
	Note that the LungFit PH provides 220 ppm NO (balance air) at a total flow of 1 L/min 

	o 
	o 
	Use the LungFit PH Bagging System with diluting flows above 2 L/min to maintain delivered NO concentrations below 80 ppm. 


	Diluting Flow Added (L/min) 
	Diluting Flow Added (L/min) 
	Diluting Flow Added (L/min) 
	Total Delivered Flow (L/min) 
	Final NO Concentration (ppm) 

	2 
	2 
	3 
	73 

	3 
	3 
	4 
	55 

	4 
	4 
	5 
	44 

	5 
	5 
	6 
	37 

	6 
	6 
	7 
	31 

	7 
	7 
	8 
	28 

	8 
	8 
	9 
	24 

	9 
	9 
	10 
	22 

	10 
	10 
	11 
	20 

	11 
	11 
	12 
	18 

	12 
	12 
	13 
	17 

	13 
	13 
	14 
	16 

	14 
	14 
	15 
	15 

	15 
	15 
	16 
	14 


	Table 3: NO Bag Outlet Dilution Flow Effect on Final NO Concentration 
	• To monitor the gas going to the patient, attach the sample line to the sample T luer port in the bagger circuit (see Figure 38). 
	o 
	o 
	o 
	Turn Backup/Bagger Switch to Bagging System Connector position to initiate NO flow 

	o 
	o 
	This will trigger a Low Priority alarm with NO Bagging System On message in the Alarm 
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	Figure
	▪
	▪
	▪
	▪

	There will be a single audible beep every 15 seconds while the main switch is set to the Bagging System (left) position. The audible alarm can be silenced with the MUTE button. 

	▪
	▪
	▪

	The amber LED will remain lit while the switch is in the Bagging System position 


	o 
	o 
	o 
	Note: NO flow will continue to be delivered to the ventilator circuit at the set NO concentration as long as there is flow through the ventilator circuit 

	o 
	o 
	If gas is being monitored, observe monitored values for appropriate NO, NO, and Olevels being delivered to the patient. 
	2
	2 


	o 
	o 
	Once Bagging System usage is complete, return to Selector Switch to Main System (center) position 

	o 
	o 
	Reconnect ventilator circuit to the patient endotracheal tube (ETT) 

	o 
	o 
	If applicable, move the sample line from the Bagging System circuit to the ventilator circuit sample tee 

	o 
	o 
	Confirm return of acceptable measured NO, NO, Ovalues in the ventilator circuit (if applicable) 
	2
	2 



	Figure
	13. USING THE BACKUP NO SYSTEM 
	Figure
	WARNING: The Backup NO System introduces a fixed flow (1 L/min) and NO concentration (220 ppm) through the injector line into the NDM. The final delivered concentration will depend on the ventilator circuit flow. 
	• When using the integrated backup with breathing circuit gas flows of 5 L/min, the delivered NO dose will be approximately 40 ppm. Breathing circuit gas flows less than 5 L/min will deliver an NO dose greater than 40 ppm. 
	• 
	• 
	• 
	The Backup NO System is intended for short term use when the main NO delivery system fails. Use only until a replacement NO system can be placed in use. 

	• 
	• 
	An NOFilter must be installed when using the Backup NO System 
	2 


	• 
	• 
	The Backup NO System delivers a variable concentration of NO to the patient that depends on the ventilator flow used. 


	• Turn Selector Switch to Backup NO Injector Line position (Figure 2) to initiate NO flow into the (NO) injector line and maintain the ventilator circuit setup with the sample line for monitoring. 
	o 
	o 
	o 
	Backup ON blue LED on front panel will be lit 

	o 
	o 
	‘Backup NO’ message will appear in STATUS section of the screen (see Figure 39). 


	Figure
	Figure 39: Backup NO notification in the STATUS Section of the screen 
	Figure 39: Backup NO notification in the STATUS Section of the screen 


	Figure
	• Note that: 
	o 
	o 
	o 
	NO flow to the NDM will be 1 L/min at a NO concentration of 220 ppm 

	o 
	o 
	The LungFit PH system will not deliver the set NO dose while the switch is in the Backup NO Injector Line position 

	o 
	o 
	o 
	To deliver NO flow, a NOfilter must be in place. 
	2 


	if not present, Filter Not Detected high priority alarm will trigger when Selector Switch is placed in Backup NO Injector Line position 
	▪


	o 
	o 
	o 
	When monitored NO value exceeds 100 ppm, device will automatically switch to Backup NO generator, delivering NO at 220 ppm at a flow of 1 L/min through the injector line 

	▪
	▪
	▪
	▪

	“Backup ON” blue LED on front panel will be lit 

	▪
	▪
	▪
	▪

	NO will continue to be delivered through the injector line by the Backup NO generator until device is powered down whether Selector Switch is set to Main System or Backup NO 

	▪
	▪
	▪
	▪

	SET NO button will be disabled 

	▪
	▪
	▪

	Main Delivery Generator will be disabled 

	▪
	▪
	▪

	Bagging System with manual resuscitator will work normally 






	Figure
	14. COMPLETING THERAPY 
	WARNING: Avoid abrupt discontinuation of NO. To wean NO down, titrate in several steps, pausing several hours at each step to monitor for hypoxemia. 
	Figure
	WARNING: Abrupt discontinuation of NO may lead to worsening oxygenation and increasing pulmonary artery pressure, i.e., Rebound Pulmonary Hypertension Syndrome. Signs and symptoms of Rebound Pulmonary Hypertension Syndrome include hypoxemia, systemic hypotension, bradycardia, and decreased cardiac output. If Rebound Pulmonary Hypertension occurs, reinstate NO therapy immediately. 
	• When NO therapy is no longer required: 
	o 
	o 
	o 
	Adjust NO setting to zero 

	o 
	o 
	Remove NDM assembly and gas sample line connector from ventilator circuit. Do not discard the NDM cable. 

	o 
	o 
	Turn off LungFit PH System. 

	o 
	o 
	Prepare LungFit PH System and black NDM cable for Cleaning and Reprocessing (Section 19). 

	o 
	o 
	Discard the single-use gas sample line and remaining NDM assembly components. 


	CAUTION: To maintain LungFit PH batteries in a charged state, keep system plugged in between uses. 
	Figure
	CAUTION: 
	• 
	• 
	• 
	DO NOT sterilize. 

	• 
	• 
	DO NOT clean any parts with acetone or other strong solvents. 

	• 
	• 
	DO NOT immerse or allow water or any other liquid to enter the device or housings. 


	Figure
	15. REMOVING THE LUNGFIT PH SYSTEM FROM THE CART 
	• Loosen the locking bolt securing the bracket to the LungFit PH (see Figure 40). The LungFit PH System can now be removed from the cart, if needed. 
	Figure
	Figure 40: LungFit PH Cart Bracket with Locking Bolt 
	Figure 40: LungFit PH Cart Bracket with Locking Bolt 


	Figure
	16. GAS MONITOR CALIBRATION PROCEDURE 
	CAUTION: Calibrate the sensors at least once a month, or more frequently if needed, to ensure the device monitors the gases in the breathing circuit correctly. 
	16.1 Zero NO, NO, and OSensors 
	2
	2 

	• 
	• 
	• 
	Zero the LungFit PH sensors prior to use (at start up) and daily while in use. 

	• 
	• 
	Note: The sample line does NOT have to be placed in room air prior to zeroing the sensors. The LungFit PH uses an internal valve to sample room air during a zero procedure. 

	• 
	• 
	On the front panel of the LungFit PH System (Figure 8), press Zero button to the left of the screen for at least one second. 


	o When the zeroing function begins, the new zero values and the values shown in the Monitor 
	section are replaced with dashes (‘--‘) . 
	o 
	o 
	o 
	As each parameter completes its zeroing, it will return to a numerical (measured) value. Note that each parameter may complete its zeroing at a slightly different time. 

	o 
	o 
	To cancel in-progress zeroing, press either the ZERO button or click the adjustment wheel. The message Cancelled Zero will appear in the STATUS section of the screen. Note that the previous zero values will be maintained. 

	o 
	o 
	Once all parameters have returned to measured values and ‘Zeroing’ no longer appears in the STATUS section of the screen, zeroing is complete. 


	• If the Calibration Error low priority alarm message is observed: 
	o 
	o 
	o 
	Repeat zero procedure.  

	o 
	o 
	If it fails a second time, replace system.  


	• If further calibration is needed, proceed to the next section, using the setup shown in Figure 41. If not, the system will automatically resume active gas monitoring. 
	Figure
	16.2 Calibrate NO Sensor 
	Figure
	Figure 41: Calibration Setup 
	Figure 41: Calibration Setup 


	• 
	• 
	• 
	Turn valve on the calibration regulator to its fully open position (fully turn counter-clockwise to open) 

	• 
	• 
	Connect calibration regulator and sample tee to the NO calibration cylinder (45 ppm NO balance N). Confirm there is greater than 100 psi in the cylinder. 
	2


	• 
	• 
	Connect the LungFit PH System Sample Line to female luer fitting of the calibration circuit (see Figure 41) 

	• 
	• 
	Connect the other end of the Sample Line to the Sample Inlet of the LungFit PH System. 

	• 
	• 
	Allow NO reading to stabilize for 2 -4 minutes, or until reading has not changed for at least 30 seconds. 

	• 
	• 
	Press CAL button on the front panel of the LungFit PH System. The Press Gas to Cal message will appear in the STATUS section of the screen. 

	• 
	• 
	Press the NO button; verify that the Calibrating NO message is shown in the Alarm Status section. 

	• 
	• 
	The NO reading shown in the Monitor section will change to “---" to indicate that calibration has been initiated. 


	Figure
	o To cancel in-progress calibration, press either the CAL button or click the adjustment wheel. The message Cancelled Cal NO will appear in the STATUS section of the screen. Note that previous calibration values will be maintained. 
	• 
	• 
	• 
	Once the calibration is complete, “---” will be replaced by a number. 

	• 
	• 
	The NO reading should be 45 ±2 ppm and remain stable for at least 30 seconds. 


	o If the above value is not observed, or if a Calibration Error alarm is triggered: 
	▪
	▪
	▪
	▪

	Check calibration gas being used is the correct concentration (45ppm) and not past its expiration date, and connections are tight 

	▪
	▪
	▪

	Repeat NO calibration 

	▪
	▪
	▪

	If it fails a second time, replace system.  


	16.3 Calibrate NOSensor 
	2 

	• 
	• 
	• 
	Turn valve on calibration regulator to its fully open position (fully turn counter-clockwise to open) 

	• 
	• 
	Connect calibration regulator and sample tee to NOcalibration cylinder (10 ppm NObalance air). Confirm there is greater than 100 psi in cylinder. 
	2 
	2 


	• 
	• 
	Connect female luer fitting of calibration circuit to LungFit PH System Sample Line (see Figure 41). 

	• 
	• 
	Connect the other end of the Sample Line to the Sample Inlet of the LungFit PH System. 

	• 
	• 
	Allow NOreading to stabilize for 2 -4 minutes, or until reading has not changed for at least 30 seconds. 
	2 


	• 
	• 
	Press CAL button on the front panel of the LungFit PH System (see Figure 8). The Press Gas to Cal message will appear in the STATUS section of the screen. 

	• 
	• 
	Press NObutton; verify that the Calibrating NOmessage is shown in the Alarm Status section. 
	2 
	2 


	• 
	• 
	The NOreading in the Monitor” section will change to “---" to indicate that calibration has been initiated. 
	2 



	o To cancel in-progress calibration, press either the CAL button or click the adjustment wheel. The message Cancelled Cal NO2 will appear in the STATUS section of the screen. Note that previous calibration values will be maintained. 
	Figure
	• 
	• 
	• 
	Once calibration is complete, “---" will be replaced by a number. 

	• 
	• 
	NOreading should be 10 ±2 ppm and remain stable for at least 30 seconds. 
	2 



	o If the above value is not observed, or if a Calibration Error alarm is triggered: 
	▪
	▪
	▪
	▪

	Check calibration gas is the correct concentration (10 ppm) and not past its expiration date, and connections are tight 

	▪
	▪
	▪

	Repeat NOcalibration 
	2 


	▪
	▪
	▪

	If it fails a second time, replace system.  


	16.4 Calibrate OSensor 
	2 

	• 
	• 
	• 
	Connect a 100% Ogas source to the Verification Circuit with a flow of at least 8 L/min (see Figure 18). 
	2 


	• 
	• 
	Allow Oreading to stabilize for 2 -4 minutes, or until the reading has not changed for at least 30 seconds. 
	2 


	• 
	• 
	Press the CAL button on the front panel of the LungFit PH System (see Figure 8). The Press Gas to Cal message will appear in the STATUS section of the screen. 

	• 
	• 
	Press O2 button; verify that the Calibrating O2 message is shown in the Alarm Status section. 

	• 
	• 
	The Oreading will change to “---" to indicate that calibration has been initiated. 
	2 



	o To cancel in-progress calibration, press either the CAL button or click the adjustment wheel. The message Cancelled Cal Owill appear in the STATUS section of the screen. Note that previous calibration values will be maintained. 
	2 

	• 
	• 
	• 
	Once the calibration is complete, the ‘---‘will be replaced by a value that is 100 ±3%. 

	• 
	• 
	The Oreading should be 100 ±3 % and remain stable for at least 30 seconds. 
	2 



	o If the above value is not observed, or if a Calibration Error alarm is triggered: 
	▪
	▪
	▪
	▪

	Check calibration gas is correct, and connections are tight 

	▪
	▪
	▪

	Repeat the Ocalibration 
	2 


	▪
	▪
	▪

	If it fails a second time, replace the system.  


	16.5 Sensor Replacement 
	Contact a Beyond Air customer support representative to arrange for LungFit PH sensor replacements. 
	Figure
	17. ALARMS 
	The following are descriptions of alarms in the LungFit PH System. Alarms are displayed in the Alarm Indicator section of the front display.  
	17.1 
	17.1 
	17.1 
	Alarm mute icon 
	High Priority: Active alarm is muted for 120 sec, counts down in seconds Low Priority: Active alarm is muted 
	Note: A new alarm will override the mute 

	17.2 
	17.2 
	Backup On 
	Indicator (Blue) 
	Active whenever a Backup system is ON (Selector Switch is in either Bagging System or Backup NO Injector Line position) 

	17.3 
	17.3 
	Bagging On 
	Low Priority Visual (yellow) and audible 
	Selector Switch set to Bagging System (Left side position) 

	17.4 
	17.4 
	Calibration Error 
	Low Priority Visual (yellow) and audible 
	During calibration, flow in the sample line is low (<180 mL/min) or an incorrect supply gas is detected. 

	17.5 
	17.5 
	Change Bagging Filter 
	Low Priority Visual (yellow) and audible 
	Bagging filter time exceeded, requiring filter replacement (48-hour capacity when new) 

	17.6 
	17.6 
	Change NO2 Filter 
	Low Priority Visual (yellow) and audible 
	Time remaining on NO2 Filter is less than 30 minutes 

	17.7 
	17.7 
	Change NO2 Filter 
	Low Priority Visual (yellow) and audible 
	Time remaining on NO2 Filter is less than 10 minutes 

	17.8 
	17.8 
	Change NO2 Filter 
	High Priority Visual [flash red] and audible 
	Time remaining on NO2 Filter is less than 2 minutes 

	17.9 
	17.9 
	Filter Not Detected 
	Low Priority Visual (yellow) and audible 
	NO2 filter not detected when NO dose is set to zero and Backup NO not engaged 

	17.10 
	17.10 
	Filter Not Detected 
	High Priority Visual [flash red] and audible 
	NO2 filter not detected when NO dose set to > zero or Backup NO engaged 

	17.11 
	17.11 
	High NO 
	High Priority Visual [flash red] and audible 
	Activated when the NO monitored value is greater than the user adjusted High NO alarm setting (5 -100ppm) 

	17.12 
	17.12 
	High NO2 
	High Priority Visual [flash red] and audible 
	Activated when the NO2 monitored value is greater than the user adjusted High NO2 alarm setting (1 – 5ppm). 

	17.13 
	17.13 
	High O2 
	High Priority Visual [flash red] and audible 
	Activated when the O2 monitored value is greater than the user adjusted High O2 alarm setting (21 – 100%). 

	17.14 
	17.14 
	Invalid Filter 
	Low priority Visual (yellow) and audible 
	Invalid NO2 filter detected. Active only when NO dose is set to 0 ppm 

	17.16 
	17.16 
	Invalid Filter 
	High Priority Visual [flash red] and audible 
	Invalid NO2 filter detected. Active when NO is set to >0ppm or Backup NO System activated. 

	17.17 
	17.17 
	Low Battery 
	Low Priority Visual (yellow) and audible 
	Battery voltage < 30% (approximately 30 minutes remaining) 

	17.18 
	17.18 
	Low Battery 
	High Priority Visual [flash red] and audible 
	Battery voltage < 10% (approximately 10 minutes remaining) 
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	Figure
	17.19 
	17.19 
	17.19 
	Low NO 
	High Priority Visual [flash red] and audible 
	Activated when the NO monitored value is less than the user adjusted Low NO alarm setting (range 0 to 70 ppm). 

	17.20 
	17.20 
	Low O2 
	High Priority visual [flash red] and audible 
	Activated when the O2 monitored value is less than the user adjusted Low O2 alarm setting (18 – 90%). 

	17.21 
	17.21 
	Main Delivery Failure 
	High Priority Visual [flash red] and audible 
	Active when there has been a failure in the NO delivery due to an internal component failure. 

	17.22 
	17.22 
	Mains Power 
	Indicator Visual (green) 
	Mains power connected 

	17.23 
	17.23 
	Maint. Due <200hrs 
	Low Priority Visual (yellow) and audible 
	The 1000-hour preventative maintenance check is due within 200 hours. 

	17.24 
	17.24 
	Monitoring Failure 
	High Priority Visual [flash red] and audible 
	Internal failure(s) of the monitoring function; monitoring system is no longer functioning correctly or sample flow >350 mL/min for 10 seconds 

	17.25 
	17.25 
	NDM Backwards 
	High Priority Visual [flash red] and audible 
	When the NO delivery is set to above 0 ppm and the flow through the NDM is in the reverse direction (see Figure 6 for proper direction) *** Note: the LungFit PH will NOT deliver Nitric Oxide when the NDM is in backwards 

	17.26 
	17.26 
	NDM Failure 
	High Priority Visual [flash red] and audible 
	When the NO delivery is set to ON and the NDM is not detected; or a fault is detected with the NDM 

	17.27 
	17.27 
	NO Backup Failure 
	High Priority Visual [flash red] and audible 
	Selector Switch turned to Backup NO Injector Line position and flow through the NO Backup System < 700 mL/min for 10 seconds (1 L/min is specified flow rate) 

	17.28 
	17.28 
	NO Bagging Failure 
	High Priority Visual [flash red] and audible 
	Selector Switch turned to Bagging System and NO flow < 700 mL/min for 10 seconds (1 L/min is specified flow rate) 

	17.29 
	17.29 
	NO2 Filter Expired 
	Low Priority Visual (yellow) and audible 
	The NO2 filter expiry date has passed, measured as 1st day after the expiry date on the filter package label 

	17.30 
	17.30 
	NO Sensor Fail 
	High Priority Visual [flash red] and audible 
	Internal NO sensor problem 

	17.31 
	17.31 
	NO2 Sensor Fail 
	High Priority Visual [flash red] and audible 
	Internal NO2 sensor problem 

	17.32 
	17.32 
	O2 Sensor Fail 
	High Priority Visual [flash red] and audible 
	Internal O2 sensor problem 

	17.33 
	17.33 
	Sample Line Blocked 
	High Priority Visual [flash red] and audible 
	Gas sample flow rate is less than 180 mL/min for 5 seconds 


	Figure
	18. TROUBLESHOOTING GUIDE 
	When you see this alarm… 
	When you see this alarm… 
	When you see this alarm… 
	Do this… 

	Filter Not Detected (High Priority: NO set > 0ppm) (Low Priority: NO set = 0ppm) 
	Filter Not Detected (High Priority: NO set > 0ppm) (Low Priority: NO set = 0ppm) 
	• 
	o If an NO2 filter is NOT installed: NO cannot be delivered through the Injector Line! Install an NO2 filter, or, Use Bagging System with Manual Resuscitator o If an NO2 filter IS installed: Note: • NO will continue to be generated if NO set >0ppm prior to alarm • NO cannot be set if NO set at 0ppm prior to alarm Install a new NO2 filter, or, Use Bagging System with Manual Resuscitator o Replace LungFit PH if alarm does not clear See Figure 42 for algorithm 
	▪
	▪
	▪
	▪
	▪
	▪


	High NO (High Priority) 
	High NO (High Priority) 
	• • • 
	Note: If monitored NO level is above 100ppm, system will automatically switch to Backup System until machine is powered down Ensure alarm is set to a clinically appropriate level If NO value is within 20% of set NO value, adjust to 20% of set NO value If NO value is NOT within 20% of set NO value: o Complete zero calibration and check sensor accuracy by measuring NO calibration gas o Ensure ventilator flow range is within operating specifications of the LungFit PH o Complete NO sensor calibration, if possib
	▪
	▪
	▪


	High NO2 (High Priority) 
	High NO2 (High Priority) 
	• • • 
	Ensure alarm is set to a clinically appropriate level If NO2 level is above a clinically appropriate level: o Decrease FiO2 (if appropriate) o Decrease NO (if appropriate) o Increase ventilator bias flow (if possible) o Change NO2 filter Replace LungFit PH if alarm does not clear See Figure 44 for algorithm 
	▪


	Low O2 (High Priority) 
	Low O2 (High Priority) 
	• • 
	Ensure alarm is set to clinically appropriate level Adjust FiO2 using the ventilator settings 
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	Figure
	When you see this alarm… 
	When you see this alarm… 
	When you see this alarm… 
	Do this… 

	Low Battery (High Priority: <10% battery life) (Low Priority: <30% battery life) 
	Low Battery (High Priority: <10% battery life) (Low Priority: <30% battery life) 
	o Check power cord connection to LungFit PH and power source o Unplug and re-plug power cord to LungFit PH o Unplug and re-plug cord to power source • If above steps do not return Mains Power message in screen STATUS Section: Replace LungFit PH See Figure 45 for algorithm 

	Main Delivery Failure (High Priority) 
	Main Delivery Failure (High Priority) 
	Main Generator not delivering NO while alarm is active! • Initiate Backup System o Switch to Backup NO (delivered through Injector Line), or, o Switch to Bagging System (delivered with Manual Resuscitator) • Note: If monitored NO level > 100ppm, system will automatically switch to Backup System until machine is powered down o NO is generated by Backup System whether switch is in Main or Backup NO position o NO will be delivered at 1 L/min and 220 ppm through the injector line o Bagging system will continue 

	Monitoring Failure (High Priority) 
	Monitoring Failure (High Priority) 
	Monitored gas values may not be accurate when this alarm is active! o Disconnect filter from LungFit PH, then plug end of filter (to prevent vent leak) • If alarm does not clear within 30 seconds with open inlet, replace LungFit PH • See Figure 47 for algorithm 

	NDM Backwards (High Priority) 
	NDM Backwards (High Priority) 
	NO will not be delivered if Selector Switch in MAIN System position! Note: Active only when NO set > 0 ppm • Steps: 1. Check that NDM is in correct orientation relative to flow arrow points in direction of flow correct orientation if required 2. If NDM was already in correct position: Initiate Backup System • Switch to Backup NO Injector Line, or, • Switch to Bagging System with Manual Resuscitator Replace NDM Check/Troubleshoot circuit flow • Replace LungFit PH if alarm does not clear • See Figure 48 for a
	▪
	▪
	▪
	▪
	▪
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	Figure
	When you see this alarm… 
	When you see this alarm… 
	When you see this alarm… 
	Do this… 

	NDM Failure (High Priority) 
	NDM Failure (High Priority) 
	NO will not be delivered if Selector Switch in MAIN System position! Note: Active only when NO set > 0 ppm • Initiate Backup System o Switch to Backup NO Injector Line, or, o Switch to Bagging System with Manual Resuscitator • Steps (in order, until alarm resolution): 1. Replace NDM cable 2. Replace NDM • Replace LungFit PH if alarm does not clear • See Figure 49 for algorithm 

	NO Backup Failure (High Priority) 
	NO Backup Failure (High Priority) 
	NO is not being delivered through the Injector Line! Note: Active only when Selector Switch in Backup NO Injector Line position • Check/correct Injector Line for kink or blockage • If no obstruction found, switch to alternative method of NO delivery: o Use Bagging System with Manual Resuscitator, or, o Use MAIN System (if possible) • Replace LungFit PH See Figure 50 for algorithm 

	NO Bagging Failure (High Priority) 
	NO Bagging Failure (High Priority) 
	NO is not being delivered through the Bagger Connector! Note: Active only when Selector Switch in Bagging System position • Check/correct resuscitator supply tubing for kink or blockage o Continue using device if blockage found and alarm cleared • If no obstruction found, switch to alternative method of NO delivery: o Use MAIN System (if possible) • Replace LungFit PH See Figure 51 for algorithm 

	NO/NO2/O2 Sensor Failure (High Priority) 
	NO/NO2/O2 Sensor Failure (High Priority) 
	• If alarm activated during normal use, replace LungFit PH • If alarm activated during sensor calibration: o Confirm appropriate calibration gas o Check calibration circuit for leaks o Recalibrate sensor If alarm does not clear, replace LungFit PH See Figure 52 for algorithm 
	▪



	Figure
	When you see this alarm… 
	When you see this alarm… 
	When you see this alarm… 
	Do this… 

	Sample Line Blocked (High Priority) 
	Sample Line Blocked (High Priority) 
	Monitored gas values may not be accurate when this alarm is active! • Disconnect Sample Line Filter from LungFit PH, plug end of Sample Line Filter (to prevent vent leak) o If alarm does NOT clear, replace LungFit PH o If alarm clears, replace Sample Line and Sample Line Filter o If alarm re-activates with new sample line and filter, replace LungFit PH o If alarm does NOT reactivate, continue with current LungFit PH • see Figure 53 for algorithm 

	Change Bagging Filter (Low Priority) 
	Change Bagging Filter (Low Priority) 
	• Replace the LungFit PH and return the current device to be serviced to replace the internal Bagging Filter 


	NO2 Filter Installed? Yes No 
	Alarm: Filter Not Detected 
	Figure
	Figure
	No NO can be set! NO set > 0 ppm prior to alarm? Yes No NO will continue to be generated Install New NO2 Filter Use Bagging System with Manual Resuscitator 
	No NO can be delivered through Injector Line! 
	Figure
	Install Use Bagging System with Filter Manual Resuscitator 
	NO
	2 

	Figure
	Figure
	Alarm 
	Yes 
	Figure

	cleared? 
	Figure
	Figure
	Figure
	Continue using 
	No 
	LungFit PH 
	Figure
	Replace LungFit PH 
	Figure
	Figure 42: Filter Not Detected Algorithm 
	Figure 42: Filter Not Detected Algorithm 


	Alarm: High NO Alarm set to clinically appropriate value? * Adjustable Range: 10-100 ppm * Default: 100 ppm Yes No Set appropriate alarm limit Complete zero calibration and check sensor accuracy by measuring w/NO calibration gas NO value equal to calibration tank value ± 10% (40-50 ppm)? No Yes Replace LungFit PH NO value within ± 20% of set NO? No Yes Adjust Hi NO Alarm to ≥20% of set NO Continue with current LungFit PH Calibrate NO sensor, if possible (Try this once) Ventilator flow within operating speci
	Figure 43: High NO Alarm Algorithm 
	Figure 43: High NO Alarm Algorithm 


	Alarm: High NO2 Alarm set to clinically appropriate level? * Adjustable Range: 1-5 ppm * Default: 3 ppm Yes No Set appropriate alarm limit Choose most appropriate option Decrease FiO2 Decrease NO Change NO2 filter Increase Bias Flow 
	Alarm cleared? * Cycle through options until cleared No Yes Continue with current LungFit PH Replace LungFit PH 
	Figure 44. High NOAlarm Algorithm 
	Figure 44. High NOAlarm Algorithm 
	2 



	Alarm: Low Battery Low Priority:  29% remaining High Priority:  <10% remaining Power cord connected to LungFit PH and power source? Yes No Unplug, plug cord to LungFit PH Unplug, plug cord to power source Connect power cord to LungFit PH and power source LungFit PH goes into standby at 3%! 
	Figure
	Mains Power on STATUS section of screen and alarm cleared? Yes No Continue using LungFit PH 
	Replace LungFit PH 
	Figure 45: Low Battery Alarm Algorithm 
	Figure
	Alarm: Main Delivery Failure Internal component failure 
	Figure
	Figure
	Measured NO level > 100 ppm? 
	Automatic Yes switchover to 
	Figure
	Figure

	Initiate Backup System Use Bagging System with Manual Resuscitator Set selector switch to Backup NO Injector Line Replace LungFit PH Figure 46: Delivery Failure Algorithm Backup NO Delivery NO will not be delivered if Selector Switch in MAIN System position! (Optional) 
	Alarm: Monitoring Failure Monitored gas values may not be accurate when this alarm is active! Disconnect sample line filter from LungFit PH, plug end of filter (to prevent ventilator leak) Alarm resolves after <30 seconds? Yes No Replace LungFit PH Continue with current LungFit PH 
	Figure 47: Monitoring Failure Alarm Algorithm 
	Figure 47: Monitoring Failure Alarm Algorithm 


	Alarm: NDM NO will not be delivered if Selector Switch in MAIN 
	Initiate Backup Use Bagging System with Manual Set selector switch to Backup NO Injector Confirm/Troubleshoot circuit flow Replace NDM Is NDM in correct orientation? * inlet: 22mmOD flow sensor, * outlet: 22mmID Injector line adapter Ye No Place NDM in correct 
	Alarm cleared? Ye No Continue using LungFit PH 
	Replace LungFit PH 
	Figure 48: NDM Backwards Alarm Algorithm 
	Figure
	Alarm: NDM Failure Active only when NO set > 0ppm NO will not be delivered if Selector Switch in MAIN System position! 
	Initiate Backup System 
	Figure
	Set selector switch to Backup NO Injector Line 
	Figure
	Use Bagging System with Manual Resuscitator 
	Figure
	Replace NDM cable 
	Figure
	Figure 49: NDM Failure Alarm Algorithm 
	Figure 49: NDM Failure Alarm Algorithm 


	Replace NDM 
	Figure
	Replace LungFit PH 
	Alarm: NO Backup Active only when Selector Switch in Backup NO Injector Line position NO is not being delivered through Injector Line! Check/Correct Injector Line for Kink or Blockage Switch to different method of NO delivery Not Found & Correcte Continue using Alarm cleared? Yes No 
	Use Bagging System with Manual Resuscitator Use MAIN System (if possible) Replace LungFit PH Part of same subsystem – May also fail! 
	Figure 50: NO Backup Failure Alarm Algorithm 
	Figure 50: NO Backup Failure Alarm Algorithm 


	Figure
	Replace LungFit PH 
	Alarm: NO Bagging Failure Active only when Selector Switch in Bagging System position NO is not being delivered through Bagging System Connector! 
	Check/Correct Resuscitator supply tubing for kink or blockage Use Main System (if possible) Replace LungFit PH Not found Found & Corrected Continue using device Alarm cleared? Yes No 
	Replace LungFit PH 
	Figure 51: NO Bagging Failure Alarm Algorithm 
	Alarm: NO/NO2/O2 Sensor Failure Did the alarm activate during calibration of that internal sensor? Yes No Replace LungFit PH Confirm appropriate calibration gas NO: 45 ppm NO2: 10 ppm O2: 100% * Expiry dates not exceeded Recalibrate sensor Check calibration circuit for leaks Alarm cleared? Yes No 
	Figure 52: NO/NO/OSensor Failure Algorithm 
	Figure 52: NO/NO/OSensor Failure Algorithm 
	2
	2 



	Continue with current LungFit PH 
	Alarm: Sample Line Blocked Active when sample line flow < 180 mL/min Disconnect sample line filter from LungFit PH, plug end of filter (to prevent ventilator leak) Monitored gas values may not be accurate when this alarm is active! 
	Alarm resolves after <15 seconds? Yes No Replace LungFit PH Replace Sample Line and filter 
	Figure
	Re-activation of Alarm? No Yes 
	Continue with current LungFit PH 
	Figure 53: Sample Line Blocked Alarm Algorithm 
	Figure
	18.1. 
	18.1. 
	18.1. 
	Common Problems Encountered 

	19. 
	19. 
	COMPATIBLE VENTILATORS 


	SYMPTOM 
	SYMPTOM 
	SYMPTOM 
	CAUSE 
	ACTION 

	Screen remains 
	Screen remains 
	1. Internal battery 
	1. Plug “Universal Power Supply” into 

	blank when unit 
	blank when unit 
	has become 
	the Device and allow to charge for at 

	is powered up. 
	is powered up. 
	discharged. 
	least 30 min. 

	Pump will not run 
	Pump will not run 
	2. Internal battery 
	2. Replace the battery. 

	when unit is 
	when unit is 
	requires 

	powered on. 
	powered on. 
	replacement. 

	NO sensor will 
	NO sensor will 
	1. Sensor has been 
	1. A temporary shift in the zero level is 

	not return to zero 
	not return to zero 
	exposed to high levels of NO 
	expected if level of NO has been 40 ppm or higher for at least 30 minutes. 2. If not in high dose NO as described above, check for proper zero level of sensors by placing the sample line in room air for 5 minutes. If still above zero, zero the sensors according to Section 16.1 

	Low NO readings 
	Low NO readings 
	1. Ventilator flow < 0.5 L/min 2. Leak in NO delivery lines 3. Incorrect NO calibration 4. NDM flow sensor malfunction 5. Incorrect NO generation 
	1. Check flow on ventilator 2. Check NO line and filter connections. Check sample line connection. 3. Check calibration with calibration gas 4. Replace NDM 5. Replace the Device 


	Figure
	19.1. Ventilator List 
	The LungFit PH system has been validated for use with the following ventilators: 
	Ventilator 
	Ventilator 
	Ventilator 
	Validated Modes 

	Dräger BabyLog® VN500 (Neonatal patient range) 
	Dräger BabyLog® VN500 (Neonatal patient range) 
	PC-A/C PC-CMV PC-SIMV Volume Guarantee PC-APRV PC-PSV PC-MMV * Flow Triggering 

	Vyaire Medical Bellavista™ 1000 (Neonatal patient range) 
	Vyaire Medical Bellavista™ 1000 (Neonatal patient range) 
	PCV P-AC PC-SIMV PSV Target Vent * Flow Triggering 

	Vyaire Medical 3100A 
	Vyaire Medical 3100A 
	HFOV Note: has not been validated with a one-way valve 

	Hamilton Medical HAMILTON-C1 (Neonatal patient range) 
	Hamilton Medical HAMILTON-C1 (Neonatal patient range) 
	PCV+ PSIMV+ SPONT SIMV+ (S)CMV+ * Flow Triggering 


	19.2. Ventilator Specification Window 
	Ventilator settings that are within the LungFit PH operating specifications: 
	Ventilator parameter 
	Ventilator parameter 
	Ventilator parameter 
	Setting range 

	Inspiratory Flow Rate 
	Inspiratory Flow Rate 
	0.5 -50 l/min, 0.5 – 120 l/min (< 40ppm NO) 

	Bias Flow 
	Bias Flow 
	0.5 to 40 l/min 

	PEEP 
	PEEP 
	Up to 40 cmH2O 

	Peak Inspiratory Pressure 
	Peak Inspiratory Pressure 
	< 60 cmH2O 

	Respiratory Rate 
	Respiratory Rate 
	Traditional Ventilators: 6 -60 bpm, HFOV: 2 -15 Hz 


	Figure
	19.3. Device Effects on Ventilator 
	There are two main effects of connecting and using the LungFit PH in a ventilator breathing circuit: 
	• 
	• 
	• 
	The LungFit PH subtracts gas from the breathing circuit via the sample line, which withdraws approximately 230 mL/min of gas flow from the ventilator breathing circuit. 

	• 
	• 
	The LungFit PH adds additional gas (NO + ambient air) into the breathing circuit: 


	o For peak flow rates up to 50 L/min, the LungFit PH adds 10% more gas to that delivered by the ventilator, regardless of NO setting. 
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	o For peak flow rates above 50 L/min, the added gas is proportional to the NO: 
	𝑁𝑂 𝑑𝑜𝑠𝑒[𝑝𝑝𝑚]
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	O2 setting (%) 
	O2 setting (%) 
	O2 setting (%) 
	80 ppm NO set 
	40 ppm NO set 
	20 ppm NO set 
	10 ppm NO set 
	5 ppm NO set 

	Ratio (Dr) 
	Ratio (Dr) 
	0.100 
	0.048 
	0.023 
	0.011 
	0.006 

	100 
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	The effects of adding and subtracting gas from the ventilator breathing circuit include: 
	• Oxygen Dilution: The LungFit PH adds gas to the breathing circuit as described above. Thus, the Oconcentration is reduced from its original value. Delivered Ois monitored and displayed by 
	2 
	2 
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	the LungFit PH, but must be adjusted on the ventilator. 
	• 
	• 
	• 
	Tidal Volume and Minute Volume: The measured tidal volume and minute volume delivered to the patient may show changes due to the addition and subtraction of gases by the delivery system. 

	• 
	• 
	Trigger Sensitivity: The addition and subtraction of gases by the LungFit PH may affect the trigger sensitivity of the ventilator when using synchronized modes of ventilation. This may cause the ventilator to auto-cycle (auto-trigger) in ventilators which have flow trigger modes, especially where the trigger flow is set to less than 1 L/min. Check the trigger sensitivity of the ventilator after connecting the LungFit PH delivery system. 


	20. CLEANING AND REPROCESSING 
	20.1. Cleaning during use 
	Clean any visible soil from the external surface of the LungFit PH delivery system and NDM cable by wiping it with a cloth dampened with an approved cleaning agent. 
	• 
	• 
	• 
	Do not use alcohol on the liquid crystal display. 

	• 
	• 
	Do not immerse or allow water or any other liquid to enter the device or housings. 


	20.2. Reprocessing between uses 
	Wipe down the external surfaces of the LungFit PH device and NDM cable with a cloth moistened with an approved cleaning agent to remove surface soils. 
	• 
	• 
	• 
	Do not use alcohol on the liquid crystal display. 

	• 
	• 
	Do not immerse or allow water or any other liquid to enter the device or housings. 


	Following cleaning, disinfect external surfaces of the LungFit PH device and NDM cable with a cloth or wipe dampened with an approved bactericidal agent. 
	• 
	• 
	• 
	Do not use alcohol on the liquid crystal display. 

	• 
	• 
	Do not immerse or allow water or any other liquid to enter the device or housings. 


	20.3. Approved cleaning and bactericidal agents 
	• 
	• 
	• 
	• 
	Approved cleaning agent: 

	o Mild detergent (Alconox or equivalent) 
	For cleaning the exterior of the device and NDM cable when diluted per manufacturer instructions 
	▪


	• 
	• 
	Approved bactericidal agent: 


	Figure
	o Cavicide and CaviWipes by Metrex 
	▪
	▪
	▪
	▪

	For disinfection of the exterior of the device and NDM cable when diluted per manufacturer instructions (as applicable). 

	▪
	▪
	▪
	▪

	Active ingredients: 

	• 
	• 
	• 
	Diisobutylphenooxyethoxyethyl dimethyl benzyl ammonium chloride 0.28% 

	• 
	• 
	Isopropyl alcohol 17.2% 

	• 
	• 
	Inert ingredients 82.52% 




	All routine maintenance, repairs, and replacement of standard parts will be conducted by Beyond Air Inc. or its representatives. 
	Internal Components Changed by technical service 
	Internal Components Changed by technical service 
	Internal Components Changed by technical service 

	Bagging Filter 
	Bagging Filter 

	O2, NO, and NO2 Sensors 
	O2, NO, and NO2 Sensors 

	Batteries 
	Batteries 


	Figure
	CAUTION: 
	• 
	• 
	• 
	DO NOT sterilize. 

	• 
	• 
	DO NOT clean any parts with acetone or other strong solvents. 

	• 
	• 
	DO NOT immerse or allow water or any other liquid to enter the device or housings. 


	Figure
	21. SPECIFICATIONS 
	21.1. Nitric Oxide Delivery Specifications 
	• 
	• 
	• 
	• 
	NO Delivery Range 

	o 
	o 
	o 
	0 – 80 ppm for ventilator flows < 50 L/min 

	o 
	o 
	Progressively lower than 80 ppm for ventilator flows 50 – 100 L/min 


	Maximum of 40 ppm at 100 L/min 
	▪


	• 
	• 
	Maximum Breathing Circuit Pressure 


	o 60 cmHO 
	2

	• Set NO Resolution 
	o 0.1 from 0 – 2 ppm o 1 from 2 – 80 ppm 
	• NO Delivery Accuracy 
	o 20% or 2 ppm, whichever is greater 
	+ 

	21.2. Analyzer and Sensor Specifications 
	• Measurement Range 
	o NO 
	▪
	▪
	▪
	▪

	Range: 0 to 100 ppm 

	▪
	▪
	▪

	Resolution: • 0 to 2 ppm 0.1 ppm • 2-100 ppm 1 ppm 

	▪
	▪
	▪
	▪

	Accuracy: 

	• 
	• 
	• 
	0 to 20 ppm: ± (20% + 0.5 ppm) 

	• 
	• 
	20 to 100 ppm: ± (10% + 0.5 ppm) 



	▪
	▪
	▪

	Rise Time <30 seconds (10 – 90 %) 


	o NO
	2 

	▪
	▪
	▪
	▪

	Range: 0 to 10 ppm 

	▪
	▪
	▪

	Resolution: 0.1 ppm 

	▪
	▪
	▪

	Accuracy: ± (20% or 0.5 ppm, whichever is greater) 

	▪
	▪
	▪

	Rise Time <30 seconds (10 – 90 %) 


	o O
	2 

	▪
	▪
	▪
	▪

	Range: 18 – 100% v/v 

	▪
	▪
	▪

	Resolution: 1 % 

	▪
	▪
	▪

	Accuracy: ± 3 % Ov/v 
	2 


	▪
	▪
	▪

	Total response time <30 seconds 

	▪
	▪
	▪

	Rise Time <20 seconds (10 – 90 %) 


	Figure
	• 
	• 
	• 
	Maximum breathing circuit pressure: 70 cmHO 
	2


	• 
	• 
	Calibration: Daily zero (see Section 16.1), calibrate as needed (see Sections 16.2-16.4) 

	• 
	• 
	Rise Time: <30 seconds (10 – 90 %) 

	• 
	• 
	Sample Flow: 230 mL/min ± 10% 


	21.3. Flow Sensor 
	Flow range: 0.5 to 120 L/min 
	21.4. Oxygen Monitor 
	• 
	• 
	• 
	There is no automatic barometric pressure compensation on the oxygen monitor reading. 

	• 
	• 
	The time from turn on to meeting the Oxygen accuracy is 30 seconds. 


	21.5. Physical 
	• 
	• 
	• 
	Maximum Weight: 20 kg 

	• 
	• 
	Maximum Width and Depth: W 500 x D 380 mm 

	• 
	• 
	Maximum Height: 480 mm 


	21.6. Battery 
	• 
	• 
	• 
	• 
	Type: Lithium Ion (2) 

	o 
	o 
	o 
	Voltage 14.40 V 

	o 
	o 
	Capacity 6.90 Ah 



	• 
	• 
	Backup time: 4 hours (2 hours each) 


	21.7. Environmental 
	• 
	• 
	• 
	• 
	Temperature: o Operating: 10 to 35ºC 

	o Storage: -20 to + 60ºC 

	• 
	• 
	Humidity: 15 – 95 % RH, non-condensing 

	• 
	• 
	• 
	Ambient Pressure: 

	o 
	o 
	o 
	Operating 600 to 800 mmHg 

	o 
	o 
	Storage 375 to 800 mmHg 



	• 
	• 
	Water Ingress Protection: IPX1 


	Figure
	21.8. Electrical 
	• 
	• 
	• 
	Input Voltage: 100-240 VAC @ 50/60 Hz 

	• 
	• 
	Input Power: 80 Watts 

	• 
	• 
	Classification: Medical Grade, Class I, Type B 


	21.9. User Applied Parts 
	• There are no user applied electrical parts. The NDM Flow Sensor and Sample Line for the LungFit PH are treated as applied parts as per BS EN 60601-1: 2012-08 Section 4.6 
	WARNING: Follow all local, state, and federal regulations with respect to environmental protection when disposing of batteries and electrochemical sensors. 
	Figure
	22. ELECTROMAGNETIC COMPATIBILITY INFORMATION 
	Guidance and Manufacturer’s Declaration – Electromagnetic Immunity 
	Guidance and Manufacturer’s Declaration – Electromagnetic Immunity 
	Guidance and Manufacturer’s Declaration – Electromagnetic Immunity 

	The system is intended for use in the electromagnetic environment specified below. The user of the system should assure that it is used in such an environment. 
	The system is intended for use in the electromagnetic environment specified below. The user of the system should assure that it is used in such an environment. 

	Immunity Test 
	Immunity Test 
	IEC 60601-1-2 test level 
	Compliance Level 
	Electromagnetic Environment Guidance 

	Electrostatic discharge (ESD) IEC 61000-4-2 
	Electrostatic discharge (ESD) IEC 61000-4-2 
	± 4, 8 kV contact ± 2, 4, 8, 15 kV Air 
	± 4, 8 kV Contact ± 2, 4, 8, 15 kV Air 
	The relative humidity should be at least 15%. 

	Electrical fast transient/ burst IEC 61000-4-4 
	Electrical fast transient/ burst IEC 61000-4-4 
	± 2 kV for power supply lines ± 1 kV for input/output lines 
	± 2 kV for power supply lines ±1 kV for input/output Lines 
	Mains power quality should be that of a typical commercial or hospital environment. 

	Surge IEC 61000-4-5 
	Surge IEC 61000-4-5 
	± 1 kV Line(s) to Line(s) ± 2 kV Line(s) to earth 
	± 1 kV Line(s) to Line(s) ± 2 kV Line(s) to earth 
	Mains power quality should be that of a typical commercial and/ or hospital environment. 

	TR
	0 % UT (100 % dip in UT) for 0,5 cycle occurring at 0º, 45º, 90º, 135º, 180º, 225º, 270º, 315º 
	0 % UT (100 % dip in UT) for 0,5 cycle occurring at 0º, 45º, 90º, 135º, 180º, 225º, 270º, 315º 
	Mains power quality should be that 

	Voltage dips, short interruptions and voltage variations on power supply input lines IEC 61000-4-11 
	Voltage dips, short interruptions and voltage variations on power supply input lines IEC 61000-4-11 
	0 % UT (100 % dip in UT) for 1 cycle occurring at 0º 70 % UT (30 % dip in UT) for 25/30 cycles 
	0 % UT (100 % dip in UT) for 1 cycle occurring at 0º 70 % UT (30 % dip in UT) for 25/30 cycles 
	of a typical commercial and/ or hospital environment. If the user of the system requires continued operation during power mains interruptions, it is recommended that the system be powered from an uninterruptible power supply or a 

	TR
	Voltage interruption at test Voltage level: 0 % UT 100 % dip in UT for 250/300 cycles 
	Voltage interruption at test Voltage level: 0 % UT 100 % dip in UT for 250/300 cycles 
	battery. 

	Power frequency (50/60 Hz) magnetic field IEC 61000-4-8 
	Power frequency (50/60 Hz) magnetic field IEC 61000-4-8 
	30 A/m Home Healthcare 
	30 A/m 
	Home Healthcare Levels 
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	Guidance and Manufacturer’s Declaration – Electromagnetic Immunity 
	Guidance and Manufacturer’s Declaration – Electromagnetic Immunity 
	Guidance and Manufacturer’s Declaration – Electromagnetic Immunity 

	The system is intended for use in the electromagnetic environment specified below. The user of the system should assure that it is used in such an environment. 
	The system is intended for use in the electromagnetic environment specified below. The user of the system should assure that it is used in such an environment. 

	Immunity Test 
	Immunity Test 
	IEC 60601 test level 
	Compliance Level 
	Electromagnetic Environment Guidance 

	TR
	Portable and mobile RF communications 

	TR
	3 Vrms 
	3 Vrms 
	equipment, including cables, should be 

	Conducted RF 
	Conducted RF 
	150 kHz to 80 MHz outside ISM bands 
	(V1) 
	used no closer to any part of system than the recommended separation distance calculated from the equation applicable to 

	TR
	6 Vrms 
	6 Vrms 
	the frequency of the transmitter. 

	IEC 61000-4-6 
	IEC 61000-4-6 
	150 kHz to 80 MHz in ISM bands 
	(V2) 
	Recommended separation distance: d=3.5*√ P /V1 d=12*√ P /V2 

	TR
	d=12*√ P /E1 80 MHz to 800 MHz d=23*√ P /E1 800 MHz to 2.7 GHz 

	TR
	Where P is the maximum output power rating of the transmitter in watts (W) 

	TR
	10 V/m 
	according to the transmitter manufacturer 

	Radiated RF 
	Radiated RF 
	10 V/m 
	and d is the recommended separation 

	TR
	26 MHz to 2.7 GHz 
	distance in meters (m).b 

	IEC 61000-4-3 
	IEC 61000-4-3 
	80 MHz to 2.7 GHz 

	TR
	(E1) 
	Field strengths from fixed RF transmitters, as determined by an electromagnetic site survey,c should be less than the compliance dlevel in each frequency range.Interference may occur in the vicinity of equipment marked with the following symbol: 
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	Table
	TR
	380 -390 MHz 27 
	380 -390 MHz 27 V/m; 

	TR
	V/m; PM 50%; 18 Hz 
	PM 50%; 18 Hz 

	TR
	430 -470 MHZ 28 
	430 -470 MHZ 28 V/m; 
	Portable RF communications equipment 

	TR
	V/m; (FM ±5 kHz, 1 
	(FM ±5 kHz, 1 kHz sine) 
	(including peripherals such as antenna 

	TR
	kHz sine) PM; 18 Hz 
	PM; 18 Hz 
	cables and external antennas) should be used no closer than 30 cm (12 inches) to 

	TR
	704 -787 MHZ 9 
	704 -787 MHZ 9 V/m; PM 
	any part of the device, including cables 

	Proximity fields 
	Proximity fields 
	V/m; PM 50%; 217 Hz 
	50%; 217 Hz 
	specified by the manufacturer. Otherwise, degradation of the performance of this equipment could result. 

	from RF wireless 
	from RF wireless 
	800 -960 MHZ 28 
	800 -960 MHZ 28 V/m; 

	communications 
	communications 
	V/m; PM 50%; 18 Hz 
	PM 50%; 18 Hz 

	equipment 
	equipment 
	1700 -1990 MHZ 28 
	1700 -1990 MHZ 28 V/m; 

	TR
	V/m; PM 50%; 217 Hz 
	PM 50%; 217 Hz 

	TR
	2400 -2570 MHZ 28 
	2400 -2570 MHZ 28 V/m; 

	TR
	V/m; PM 50%; 217 Hz 
	PM 50%; 217 Hz 

	TR
	5100 -5800 MHZ 9 
	5100 -5800 MHZ 9 V/m; 

	TR
	V/m; PM 50%; 217 Hz 
	PM 50%; 217 Hz 

	NOTES: • At 80 MHz and 800 MHz, the higher frequency range applies. • These guidelines may not apply in all situations. Electromagnetic propagation is affected by absorption and reflection from structures, objects and people. 
	NOTES: • At 80 MHz and 800 MHz, the higher frequency range applies. • These guidelines may not apply in all situations. Electromagnetic propagation is affected by absorption and reflection from structures, objects and people. 

	a The ISM (industrial, scientific and medical) bands between 150 kHz and 80 MHz are 6.765 MHz to 6.795 MHz; 13.553 MHz to 13.567 MHz; 26.957 MHz to 27.283 MHz; and 40.66 MHz to 40.70 MHz. b The compliance levels in the ISM frequency bands between 150 kHz and 80 MHz and in the frequency range 80 MHz to 2.7 GHz are intended to decrease the likelihood that a portable communications device could cause interference if it is inadvertently brought into patient areas. For this reason, an additional factor of 10/3 i
	a The ISM (industrial, scientific and medical) bands between 150 kHz and 80 MHz are 6.765 MHz to 6.795 MHz; 13.553 MHz to 13.567 MHz; 26.957 MHz to 27.283 MHz; and 40.66 MHz to 40.70 MHz. b The compliance levels in the ISM frequency bands between 150 kHz and 80 MHz and in the frequency range 80 MHz to 2.7 GHz are intended to decrease the likelihood that a portable communications device could cause interference if it is inadvertently brought into patient areas. For this reason, an additional factor of 10/3 i


	Figure
	23.OCCUPATIONAL EXPOSURE 
	The exposure limit set by the Occupational Safety and Health Administration (OSHA) for nitric oxide is 25 ppm, and for NO2 the limit is 5 ppm. 
	The environmental buildup of NO in a well-ventilated ICU room can be evaluated using the 
	following calculation: Room size 10ft square room =1000 ft3 or room volume = 28,300 L 
	Room ventilation (6 exchanges/hour) = 2,830 L/min 
	The NO flow into the room for 20 ppm at 20 L/min = 400 ppm. L/min 
	Average NO room concentration 400 2,830 = 0.015 ppm of NO 
	This theoretic calculation can be supplemented by measurements as performed by Hess et al (Hess et al, Use of Inhaled Nitric Oxide in patients with Acute Respiratory Distress Syndrome. Respiratory Care, 1996, vol. 41, No. 5, pg. 424-446.) The NO and NOconcentrations were measured using a chemiluminescence analyzer when 100 ppm of NO at 8 L/min was delivered into a room with no scavenging being used. The maximum NO and NOconcentrations measured over a one hour period were 0.12 ppm of NO and 0.03 ppm of NObot
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	24.INDICATIONS FOR USE 
	The NO from the LungFit PH System is indicated to improve oxygenation and reduce the need for extracorporeal membrane oxygenation in term and near-term (>34 weeks gestation) neonates with hypoxic respiratory failure associated with clinical or echocardiographic evidence of pulmonary hypertension in conjunction with ventilatory support and other appropriate agents. 
	25.CONTRAINDICATIONS 
	The NO from the LungFit PH is contraindicated in neonates dependent on right-to-left shunting of blood. 
	Figure
	26.DOSAGE AND ADMINISTRATION 
	26.1. Dosage 
	Term and near-term neonates with hypoxic respiratory failure 
	Term and near-term neonates with hypoxic respiratory failure 

	The recommended dose of inhaled nitric oxide gas is 20 ppm. Maintain treatment up to 14 days or until the underlying oxygen desaturation has resolved and the neonate is ready to be weaned from inhaled nitric oxide therapy. 
	Doses greater than 20 ppm are not recommended. 
	26.2. Administration 
	Measure methemoglobin within 4-8 hours after initiation of treatment with the LungFit PH and periodically throughout treatment. 
	Monitor for PaO2 and inspired NOduring NO administration. 
	2 

	Avoid abrupt discontinuation of NO. To wean NO down-titrate in several steps, pausing several hours at each step to monitor for hypoxemia. 
	27.WARNINGS AND PRECAUTIONS ASSOCIATED WITH NITRIC OXIDE (NO) 
	27.1. Rebound Pulmonary Hypertension Syndrome following Abrupt Discontinuation 
	Abrupt discontinuation of NO may lead to worsening oxygenation and increasing pulmonary artery pressure, i.e., Rebound Pulmonary Hypertension Syndrome. Signs and symptoms of Rebound Pulmonary Hypertension Syndrome include hypoxemia, systemic hypotension, bradycardia, and decreased cardiac output. If Rebound Pulmonary Hypertension occurs, reinstate NO therapy immediately. 
	WARNING: Avoid abrupt discontinuation of NO. To wean NO down, titrate in several steps, pausing several hours at each step to monitor for hypoxemia. 
	Figure
	WARNING: Abrupt discontinuation of NO may lead to worsening oxygenation and increasing pulmonary artery pressure, i.e., Rebound Pulmonary Hypertension Syndrome. Signs and symptoms of Rebound Pulmonary Hypertension Syndrome include hypoxemia, systemic hypotension, bradycardia, and decreased cardiac output. If Rebound Pulmonary Hypertension occurs, reinstate NO therapy immediately. 
	Figure
	27.2. Hypoxemia from Methemoglobinemia 
	Nitric oxide combines with hemoglobin to form methemoglobin, which does not transport oxygen. Methemoglobin levels increase with the dose of NO; it can take 8 hours or more before steady-state methemoglobin levels are attained. Monitor methemoglobin and adjust the dose of NO to optimize oxygenation. 
	If methemoglobin levels do not resolve with decrease in dose or discontinuation of NO, additional 
	therapy may be warranted to treat methemoglobinemia 
	27.3. Airway Injury from Nitrogen Dioxide 
	Nitrogen dioxide (NO) forms in gas mixtures containing NO and O. Nitrogen dioxide may cause 
	2
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	airway inflammation and damage to lung tissues. 
	If there is an unexpected change in NOconcentration, or if the NOconcentration reaches 3 ppm when measured in the breathing circuit, assess the delivery system in accordance with the troubleshooting section, and recalibrate the NOsensor. Adjust the dose of NO and/or FiOas appropriate. 
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	27.4. Worsening Heart Failure 
	Patients with left ventricular dysfunction treated with NO may experience pulmonary edema, increased pulmonary capillary wedge pressure, worsening of left ventricular dysfunction, systemic hypotension, bradycardia and cardiac arrest. Discontinue NO while providing symptomatic care. 
	28. ADVERSE EVENTS 
	The following adverse reactions are discussed elsewhere in the label; Hypoxemia [see Warnings and Precautions (27.2)] Worsening Heart Failure [see Warnings and Precautions (27.4)] 
	28.1. Clinical Trials Experience 
	Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of another drug and may not reflect the rates observed in practice. The adverse reaction information from the clinical studies does, however, provide a basis for identifying the adverse events that appear to be related to drug use and for approximating rates. 
	Controlled studies have included 325 patients on nitric oxide doses of 5 to 80 ppm and 251 patients on 
	Figure
	placebo. . Mortality was similar in the two groups. 
	1
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	In both the NINOS and CINRGI studies, the duration of hospitalization was similar in nitric oxide and 
	placebo-treated groups. 
	From all controlled studies, at least 6 months of follow-up is available for 278 patients who received nitric oxide and 212 patients who received placebo. Among these patients, there was no evidence of an adverse effect of treatment on the need for rehospitalization, special medical services, pulmonary disease, or neurological sequelae. 
	In the NINOS study,treatment groups were similar with respect to the incidence and severity of intracranial hemorrhage, Grade IV hemorrhage, periventricular leukomalacia, cerebral infarction, seizures requiring anticonvulsant therapy, pulmonary hemorrhage, or gastrointestinal hemorrhage. 
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	28.2. Post-Marketing Experience 
	Post marketing reports of accidental exposure to nitric oxide for inhalation in hospital staff has been 
	associated with chest discomfort, dizziness, dry throat, dyspnea, and headache. 
	29.DRUG INTERACTIONS 
	Nitric oxide donor agents such as prilocaine, sodium nitroprusside and nitroglycerine may increase 
	the risk of developing methemoglobinemia. 
	30. USE IN SPECIFIC POPULATIONS 
	30.1. Pregnancy 
	Pregnancy Category C Animal reproduction studies have not been conducted with LungFit PH. It is not known if nitric oxide gas from the LungFit PH can cause fetal harm when administered to a pregnant woman or can affect reproductive capacity. NO is not indicated for use in adults. 
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	30.2. Nursing Mothers 
	Nitric oxide is not indicated for use in the adult population, including nursing mothers. It is not known whether nitric oxide is excreted in human milk. 
	30.3. Pediatric Use 
	The safety and efficacy of nitric oxide for inhalation has been demonstrated in term and near-term neonates with hypoxic respiratory failure associated with evidence of pulmonary hypertension. Additional studies conducted in premature neonates for the prevention of bronchopulmonary dysplasia have not demonstrated substantial evidence of efficacy. No information about its effectiveness in other age populations is available. 
	30.4. Geriatric Use 
	Nitric oxide is not indicated for use in the adult population. 
	31. OVERDOSAGE 
	Overdosage with NO is manifest by elevations in methemoglobin and pulmonary toxicities associated with inspired NO. Elevated NOmay cause acute lung injury. Elevations in methemoglobin reduce the oxygen delivery capacity of the circulation. In clinical studies, NOlevels >3 ppm or methemoglobin levels >7% were treated by reducing the dose of, or discontinuing, NO. 
	2
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	Methemoglobinemia that does not resolve after reduction or discontinuation of therapy can be treated with intravenous vitamin C, intravenous methylene blue, or blood transfusion, based upon the clinical situation. 
	32. DESCRIPTION 
	Nitric oxide gas generated by the LungFit PH is a drug administered by inhalation. Nitric oxide is a pulmonary vasodilator. Nitric oxide from the LungFit PH is a gaseous blend of nitric oxide and room air (main constituents: nitrogen (78.08%), oxygen (20.95%), argon (0.93%) and carbon dioxide (0.03%). 
	The generation of NO gas results in the conversion of small amounts of nitrogen and oxygen. The amount of this conversion is dependent on the concentration of nitric oxide, and will be a maximum of 0.08% of nitrogen and oxygen when set to 80 ppm at ventilator flow rates above 50 L/min. This will result in the decrease of nitrogen to approximately 78.00% and oxygen to 20.87% in the carrier gas. 
	33. 
	33. 
	CLINICAL PHARMACOLOGY 

	33.1. 
	33.1. 
	Mechanism of Action 

	Figure
	Nitric oxide relaxes vascular smooth muscle by binding to the heme moiety of cytosolic guanylate cyclase, activating guanylate cyclase and increasing intracellular levels of cyclic guanosine 3',5'monophosphate, which then leads to vasodilation. When inhaled, nitric oxide selectively dilates the pulmonary vasculature, and because of efficient scavenging by hemoglobin, has minimal effect on the systemic vasculature. Nitric oxide appears to increase the partial pressure of arterial oxygen (PaO) by dilating pul
	-
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	33.2. Pharmacodynamics 
	Effects on Pulmonary Vascular Tone in PPHN 
	Effects on Pulmonary Vascular Tone in PPHN 

	Persistent pulmonary hypertension of the newborn (PPHN) occurs as a primary developmental defect or as a condition secondary to other diseases such as meconium aspiration syndrome (MAS), pneumonia, sepsis, hyaline membrane disease, congenital diaphragmatic hernia (CDH), and pulmonary hypoplasia. In these states, pulmonary vascular resistance (PVR) is high, which results in hypoxemia secondary to right-to-left shunting of blood through the patent ductus arteriosus and foramen ovale. In neonates with PPHN, NO
	2

	33.3. Pharmacokinetics 
	The pharmacokinetics of nitric oxide has been studied in adults. 
	Absorption and Distribution 
	Nitric oxide is absorbed systemically after inhalation. Most of it traverses the pulmonary capillary bed where it combines with hemoglobin that is 60% to 100% oxygen-saturated. At this level of oxygen saturation, nitric oxide combines predominantly with oxyhemoglobin to produce methemoglobin and nitrate. At low oxygen saturation, nitric oxide can combine with deoxyhemoglobin to transiently form nitrosylhemoglobin, which is converted to nitrogen oxides and methemoglobin upon exposure to oxygen. Within the pu
	Metabolism 
	Methemoglobin disposition has been investigated as a function of time and nitric oxide exposure concentration in neonates with respiratory failure. The methemoglobin (MetHb) concentration time profiles during the first 12 hours of exposure to 0, 5, 20, and 80 ppm NO are shown in Figure 54. 
	Figure
	Figure 54: Methemoglobin Concentration-Time Profiles Neonates Inhaling 0, 5, 20, or 80 ppm Nitric Oxide gas. 
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	Methemoglobin concentrations increased during the first 8 hours of nitric oxide exposure. The mean methemoglobin level remained below 1% in the placebo group and in the 5 ppm and 20 ppm NO groups, but reached approximately 5% in the 80 ppm NO group. Methemoglobin levels >7% were attained only in patients receiving 80 ppm, where they comprised 35% of the group. The average time to reach peak methemoglobin was 10 ± 9 (SD) hours (median, 8 hours) in these 13 patients, but one patient did not exceed 7% until 40
	Elimination 
	Nitrate has been identified as the predominant nitric oxide metabolite excreted in the urine, accounting for >70% of the nitric oxide dose inhaled. Nitrate is cleared from the plasma by the kidney at rates approaching the rate of glomerular filtration. 
	34. NONCLINICAL TOXICOLOGY 
	34.1. Carcinogenesis, Mutagenesis, Impairment of Fertility 
	No evidence of a carcinogenic effect was apparent, at inhalation exposures up to the recommended dose (20 ppm), in rats for 20 hr/day for up to two years. Higher exposures have not been investigated. Nitric oxide has demonstrated genotoxicity in Salmonella (Ames Test), human lymphocytes, and after in vivo exposure in rats. There are no animal or human studies to evaluate nitric oxide for effects on fertility. 
	35. CLINICAL STUDIES 
	35.1. Treatment of Hypoxic Respiratory Failure (HRF) 
	The efficacy of NO has been investigated in term and near-term newborns with hypoxic respiratory failure resulting from a variety of etiologies. Inhalation of NO reduces the oxygenation index (OI= mean airway pressure in cm HO × fraction of inspired oxygen concentration [FiO] × 100 divided by systemic arterial concentration in mm Hg [PaO]) and increases PaO. 
	2
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	NINOS Study 
	NINOS Study 

	The Neonatal Inhaled Nitric Oxide Study (NINOS) was a double-blind, randomized, placebo-controlled, multicenter trial in 235 neonates with hypoxic respiratory failure.
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	The objective of the study was to determine whether inhaled nitric oxide would reduce the occurrence of death and/or initiation of extracorporeal membrane oxygenation (ECMO) in a prospectively defined cohort of term or near-term neonates with hypoxic respiratory failure unresponsive to conventional therapy. Hypoxic respiratory failure was caused by meconium aspiration syndrome (MAS; 49%), pneumonia/sepsis (21%), idiopathic primary pulmonary hypertension of the newborn 
	(PPHN; 17%), or respiratory distress syndrome (RDS; 11%). Infants ≤14 days of age (mean, 1.7 
	days) with a mean PaOof 46 mm Hg and a mean oxygenation index (OI) of 43 cm HO / mm Hg were initially randomized to receive 100% Owith (n=114) or without (n=121) 20 ppm nitric oxide for up to 14 days. Response to study drug was defined as a change from baseline in PaO30 minutes after starting treatment (full response = >20 mm Hg, partial = 10–20 mm Hg, no response = <10 mm Hg). Neonates with a less than full response were evaluated for a response to 80 ppm nitric oxide or control gas. The primary results fr
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	Table 4: Summary of Clinical Results from NINOS Study 
	Table
	TR
	Control (n=121) 
	NO (n=114) 
	P value 

	Death or ECMO*† 
	Death or ECMO*† 
	77 (64%) 
	52 (46%) 
	0.006 

	Death 
	Death 
	20 (17%) 
	16 (14%) 
	0.06 

	ECMO 
	ECMO 
	66 (55%) 
	44 (39%) 
	0.014 


	*Extracorporeal membrane oxygenation 
	Death or need for ECMO was the study’s primary endpoint 
	†

	Although the incidence of death by 120 days of age was similar in both groups (NO, 14%; control, 17%), significantly fewer infants in the nitric oxide group required ECMO compared with controls (39% vs. 55%, p = 0.014). The combined incidence of death and/or initiation of ECMO showed a significant advantage for the nitric oxide treated group (46% vs. 64%, p = 0.006). The nitric oxide group also had significantly greater increases in PaOand greater decreases in the OI and the alveolar-arterial oxygen gradien
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	Figure
	motor, audiologic, or neurologic evaluations. 
	CINRGI Study 
	CINRGI Study 

	This study was a double-blind, randomized, placebo-controlled, multicenter trial of 248 term and near-term neonates with pulmonary hypertension and hypoxic respiratory failure.
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	The primary objective of the study was to determine whether NO would reduce the receipt of ECMO in these patients. Hypoxic respiratory failure was caused by MAS (34% in each group), idiopathic PPHN (iNO 25%; control 20%), pneumonia (21% in each group), or RDS (9% in each group). Patients with a mean PaOof 54 mm Hg and a mean OI of 44 cm HO / mm Hg were randomly assigned to receive either 20 ppm NO (n=126) or nitrogen gas (placebo; n=122) in addition to their ventilatory support. Patients who exhibited a PaO
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	Table 5: Summary of Clinical Results from CINRGI Study 
	Table
	TR
	Placebo 
	NO 
	P value 

	ECMO*† 
	ECMO*† 
	78/122 (64%) 
	48/126 (38%) 
	0.001 

	Death before discharge 
	Death before discharge 
	13/122 (11%) 
	10/126 (8%) 
	0.82 


	*Extracorporeal membrane oxygenation 
	ECMO was the study’s primary endpoint 
	†

	Significantly fewer neonates in the NO group required ECMO compared to the control group (38% vs. 64%, p<0.001). While the number of deaths before discharge were similar in both groups (NO, 8%; placebo, 11%), the combined incidence of death and/or receipt of ECMO was decreased in the NO group ( iNO 50/126 (40%)% vs. control 80/122 (66%%, p<0.001). 
	Of the 126 patients treated with NO, 2 (2%) were withdrawn from study drug due to methemoglobin levels >4%.  The frequency and number of adverse events reported were similar in the two study groups [see Adverse Reactions]. 
	In clinical trials, reduction in the need for ECMO has not been demonstrated with the use of inhaled nitric oxide in neonates with congenital diaphragmatic hernia (CDH). 
	35.2. Ineffective in Adult Respiratory Distress Syndrome (ARDS) 
	In a randomized, double-blind, parallel, multicenter study, 385 patients with adult respiratory distress syndrome (ARDS) associated with pneumonia (46%), surgery (33%), multiple trauma (26%), aspiration (23%), pulmonary contusion (18%), and other causes, with PaO/FiO<250 mm Hg despite optimal oxygenation and ventilation, received placebo (n=193) or NO (n=192), 5 ppm, for 4 hours to 28 days or until weaned because of improvements in oxygenation. Despite acute 
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	dose nitric oxide therapy for persistent pulmonary hypertension of the newborn. New England Journal of Medicine, 342(7), 
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	improvements in oxygenation, there was no effect of NO on the primary endpoint of days alive and off ventilator support. These results were consistent with outcome data from a smaller dose ranging study of nitric oxide (1.25 to 80 ppm). NO is not indicated for use in ARDS. 
	35.3. Ineffective in Prevention of Bronchopulmonary Dysplasia (BPD) 
	The safety and efficacy of NO for the prevention of chronic lung disease [bronchopulmonary 
	dysplasia, (BPD)] in neonates ≤ 34 weeks gestational age requiring respiratory support has been 
	studied in four large, multi-center, double-blind, placebo-controlled clinical trials in a total of 2,600 preterm infants. Of these, 1,290 received placebo, and 1,310 received inhaled nitric oxide at doses ranging from 5-20 ppm, for treatment periods of 7-24 days duration. The primary endpoint for these studies was alive and without BPD at 36 weeks postmenstrual age (PMA). The need for supplemental oxygen at 36 weeks PMA served as a surrogate endpoint for the presence of BPD. Overall, efficacy for the preve
	NO for prevention of BPD in preterm neonates ≤ 34 weeks gestational age is not recommended. 
	Analyzed subjects exclude pilot subjects and subjects with lung hypoplasia. Davidson, D., Barefield, E. S., Kattwinkel, J., Dudell, G., Damask, M., Straube, R., Rhines, J., Chang, C.-T., I-NO/PPHN Study Group. (1998). Inhaled Nitric Oxide for the Early Treatment of Persistent Pulmonary Hypertension of the Term Newborn: A Randomized, Double-Masked, Placebo-Controlled, Dose-Response, Multicenter Study. Pediatrics, 101(3), 325334. Clark, R. H., Kueser, T. J., Walker, M. W., Southgate, W. M., Huckaby, J. L., Pe
	Analyzed subjects exclude pilot subjects and subjects with lung hypoplasia. Davidson, D., Barefield, E. S., Kattwinkel, J., Dudell, G., Damask, M., Straube, R., Rhines, J., Chang, C.-T., I-NO/PPHN Study Group. (1998). Inhaled Nitric Oxide for the Early Treatment of Persistent Pulmonary Hypertension of the Term Newborn: A Randomized, Double-Masked, Placebo-Controlled, Dose-Response, Multicenter Study. Pediatrics, 101(3), 325334. Clark, R. H., Kueser, T. J., Walker, M. W., Southgate, W. M., Huckaby, J. L., Pe
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	1 
	2 
	-
	3 
	4 





	Neonatal Inhaled Nitric Oxide Study Group. (1997). Inhaled nitrix oxide in full-term and nearly full-term infants with hypoxic respiratory failure. New England Journal of Medicine, 336(9), 597-604. LungFit PH System Operator’s Manual; PN 20038 Version: 9 Page 109 of 111 
	Neonatal Inhaled Nitric Oxide Study Group. (1997). Inhaled nitrix oxide in full-term and nearly full-term infants with hypoxic respiratory failure. New England Journal of Medicine, 336(9), 597-604. LungFit PH System Operator’s Manual; PN 20038 Version: 9 Page 109 of 111 
	5 


	Clark, R. H., Kueser, T. J., Walker, M. W., Southgate, W. M., Huckaby, J. L., Perez, J.A., …, & Kinsella, J. P. (2000). Low-
	Clark, R. H., Kueser, T. J., Walker, M. W., Southgate, W. M., Huckaby, J. L., Perez, J.A., …, & Kinsella, J. P. (2000). Low-
	6 







