High-Flow Nasal Cannula Oxygen Therapy in Adults: Physiological
Benefits, Indication, Clinical Benefits, and Adverse Effects
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&R NHF & other acronyms

]

« NHF: Nasal High Flow

« HNHF: Humidified Nasal High Flow

« HFT: High Flow Therapy

« HFO: High Flow Oxygen

« HFOT: High Flow Oxygen Therapy

« HFNP: High Flow Nasal Prongs

* NHFO,: Nasal High Flow Oxygen

« HFNC: High Flow Nasal Cannula

« HHFNC: Humidified High Flow Nasal Cannula ,
+  HHHFNC: Heated & Humidified High Flow Nasal Cannula ? ; \ g?\?
« HHFT: Humidified High Flow Therapy . y
« HHFOT: Humidified High Flow Oxygen Therapy
« THRIVE: Transnasal Humidified Rapid-Insufflation Ventilatory Exchange
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Flow meter
Masal cannula
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%) | Air-oxygen -
— | blender
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Heated inspiratory circuit
Y — Active humidifier

Fig. 1. Basic setup for high-flow nasal cannula oxygen delivery. An
air-oxygen blender, allowing from 0.21 to 1.0 F,g,, generates up to
60 L/min flow. The gas is heated and humidified through an active
heated humidifier and delivered via a single-limb heated inspira-
tory circuit. The patient breathes adequately heated and humidi-
fied medical gas through large-diameter nasal cannulas. (Modified
from Reference 9.)






Optiflow

THRIVE™

MECHANISMS
OF ACTION

Effective
oxygenation'

Positive
airway
pressure'’

Clears
CO;'

Patient
comfort!

Papazian L et al. Intensive Care Med. 2016.

O Meet/exceed patient peak
inspiratory demand
o Continuously renewed oxygen reservoir

Effective >
oxygenation

O Flushes CO, from the upper airway
> to reduce rebreathing of expired gas

po.s'twe O Positive airway pressure to help prevent
airway >

pressure airway collapse (3 -7 cmH,0)

O Humidification enables the
> comfortable delivery of high flows
© Humidification improves
mucocilliary clearance

Patient > O Greater comfort than
comfort low-flow oxygen



Respiratory support

1. REDUCTION OF
DEAD SPACE

Clearance of expired air
in the upper airways’

Reduces rebreathing of gas
with high CO, and depleted 0,"*

Increases

vy \"‘r\ -'.v' 33 -!"
alveolar ventilation

Optiflow™



International Journal of COPD Dove

3 ORIGINAL RESEARCH
Nasal highflow improves ventilation in patients
with COPD

Conclusion : NHF leads to flow-dependent reduction in pCO2. VT increased and
minute volume decreased with pCO2 surprisingly reduced to more normal values.
This is most likely achieved by a washout of the respiratory tract and a functional
reduction in dead space.
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This article was published in the following Dove Press journal:
International Journal of COPD

25 May 2016
Number of times this article has been viewed




Respiratory support
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2. DYNAMIC™ POSITIVE
AIRWAY PRESSURE

Breath- and flow-dependent
airway pressure’

P=Flow xR

Promotes slow and
deep breathing’

Respiratory
support with
Nasal High
Flow

Increases

alveolar ventilation’

Unassisted breathing

'\/_?

INSPIRATION EXPIRATION

'+ © + AIRWAY PRESSURE

Optiflow™



Dynamic positive
alrway pressure
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a Respiratory

o support with
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+ I d Unassisted breathing
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INSPIRATION EXPIRATION

Respiratory
support

Dynamic
positive
alrway
pressure
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Promotes slow, deep breathing

2
()]
&
=
g
O
'_
Minutes 1 2 vMinutes 1 2
Control NHF (45 L/min) j

Adapted from Mcndel et al.

O Pressure dynamically changes depending on breath and flow

O Inspiratory resistance decreases, making inspiration easier

O Expiratory resistance increases, leading to prolonged expiration

Mundel et al. J App/ Physiol. 2013.



Positive Airway Pressure

Mean airway pressure
(cmH,0)
W

Mean airway pressure

Key: =S} Mean pressure range '3

0.5-1cmH,0
per 10 L/min"*?

20 25 30 35 40 45 50 55 60
Flow (L/min)




Physiologic Effects of High-Flow Nasal Cannula in Acute Hypoxemic

Respiratory Failure

Tommaso Mauri'?, Cecilia Turrini'?, Nilde Eronia®, Giacomo Grasselli’, Carlo Alberto Volta®, Giacomo Bellani*~, and
Antonio Pesenti'~

1Deme;nd Amsﬂh"neéqla. '%ﬂ: Care and B'nelgency IRCCS (lnsitt.te for Trem\entt‘ g]vgrd R&WMQMm Mbm Poldhco
&ugaymd&pam\talMeddn. ectio ofAnesfmiamd Care.UerSty a.Felraa.ltd/
dicine and Surgery, Unive Sity OF I\ Onza, i@l

Mauri et al. 2017

American Journal of Respiratory and Critical Care Medicine

Physiologic Effects of Nasal High-Flow Cannula
Treatment in Acute Hypoxemic Respiratory Failure




Mauri et al.

Methods N5 2017

AHRF, Non-intubated, in ICU
P/F = 130%£35

D 15 Patients

D Completed two study phases with same set FiO,
for 20 mins in random order:

1. Standard non-occlusive oxygen face mask
(Standard Face Mask) set at 12 L/min

2. NHF rate set at 40 L /min

D> At the end of each phase, researchers collected and analyzed:

1. Physiologic data (ABG analysis results, respiratory rate
and hemodynamics)

2. Esophageal pressure data
3. EIT data

Fisher& Paykel

Mauri et al. Am J Respir Crit Care Med. 2017. HEALTHCARE
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Effects of NHF vs. Standard Face Mask on inspiratory effort (A) and metabolic WOB (B)  Effects of NHF vs. Standard Face Mask on oxygenation (A) and minute ventilation (B)

A. Reduction of inspiratory effort B. Reduction of metabolic WOB A. Improved oxygenation B. Reduces minute ventilation
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Respiratory support

J

3. SUPPLEMENTAL
OXYGEN AS REQUIRED

Confidence in the delivery of
blended, humidified oxygen®'°
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Airway hydration

J

OPTIMAL
HUMIDITY

Prevents desiccation
of the airway epithelium!%!!

Improves
mucus clearancel®!!
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%2 Mucociliary Dysfunction

HEALTHCARE

100% Humidity 90% Humidity
for 15 minutes

400 pm
—

@ Fisher & Paykel Healthcare Limited 2009
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Evidence outline

Hypoxemia ARF
Hypercapnia ARF

ED

Rehabilitation
Homecare

Palliative Care
Immunocompromised
Surgical application
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ORIGINAL ARTICLE

High-Flow Oxygen through Nasal Cannula

in Acute Hypoxemic Respiratory Failure
lean-Pierre Frat, M.D.. Arnaud W. Thille. M.D.. Ph.D.. Alain Mercat, M.D.. Ph.D..

* N=313, spontaneous breathing pts with
French and Belgium ICU.

 Excluded: NIV contraindication, COPD,
Glasgow<12

ARF during 02/2011-04/2013 in 23

Pul. Edema, Circulatory shock,

64% Community acquired pneumonia,
RR: 3316
PaO,/F,0, = 144+62

==

r\

Traditional Nasal O,, n=96 NIV,

SpO, = 92%)

n=111 Optiflow™, n=106

(NRM =10 L/min, SpO,=92%) (Vt=7-10 ml/kg, PEEP=2-10, (Flow=50 L/min,SpO, =92%)
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Vel ORIGINAL ARTICLE

High-Flow Oxygen through Nasal Cannula

in Acute Hypoxemic Respiratory Failure
lean-Pierre Frat. M.D.. Arnaud W. Thille. M.D.. Ph.D.. Alain Mercat. M.D.. Ph.D..

Outcome Study Group P Valuej

High-Flow Standard  Noninvasive
Oxygen Oxygen Ventilation
(N=106) (N=94) (N=110)

Cause of death — no./total no. (%)

Refractory shock 6/13 (46)  12/22 (55)  18/31 (58) 0.04

Refractory hypoxemia 5/13 (38) 6/22 (27) 8/31 (26) 0.73

Cardiac arrest 1/13 (8) 1/22 (5) 3/31 (10) 0.52

Other 1/13 (8) 3/22 (14) 2/31 (6) 0.52
Nasal  Standard Noninvasive Nasal  Standard Noninvasive |

High Flow oxygen ventilation HighFlow oxygen ventilation
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‘ ORIGINAL ARTICLE
High-Flow Oxygen through Nasal Cannula
in Acute Hypoxemic Respiratory Failure
lean-Pierre Frat. M.D.. Arnaud W. Thille. M.D.. Ph.D.. Alain Mercat. M.D.. Ph.D..
(Reduced 90-day mortality (%) Reduced intubation rate (%)* Cause of Death - Refractory
P=0.02 P=0.009 “Patients with Pa0,Fi0, < 200 mmHg Shock(%) P=0.04
— 70%
Outcome Study Group P Valuet 0% [ ﬁ] [{E]
High-Flow Standard | Noninvasive
Oxygen Oxygen Ventilation 50% [{E]
(N=106) | (N=94) | (N=110 S0k
Cause of death — no./total no. (%) 2000
Refractory shock 6/13 (46 12/22 (55) | 18/31 (58 0.04 20
Refractory hypoxemia 5/13 (38) 6/22 (27) 8/31 (26) 0.73 Lo
Cardiac arrest 1/13 (8) 1/22 (5) 33110 052
Other 1/13 (8) 3/22 (14)  2/31 (6) 0.52 Nasal  Standard Noninvasive

High Flow Oxygen Ventilation

k n=106 n=94 n=110 j & n=83 n=74 n=8] ) n=13 n=22 n=31




Vet NHF 1s not inferior to NIV

Research

JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of Postextubation High-Flow Nasal Cannula

vs Noninvasive Ventilation on Reintubation

and Postextubation Respiratory Failure in High-Risk Patients
A Randomized Clinical Trial

Gonzalo Hernandez, MD, PhD; Concepcidn Vaquero, MD; Laura Colinas, MD; Rafael Cuena, MD; Paloma Gonzdlez, MD;
Alfonso Canabal, MD, PhD; Susana Sanchez, MD; Maria Luisa Rodriguez, MD; Ana Villasclaras, MD; Rafael Fernandez, MD, PhD

CONCLUSIONS AND RELEVANCE Among high-risk adults who have undergone extubation,
high-flow conditioned oxygen therapy was not inferior to NIV for preventing reintubation and
postextubation respiratory failure. High-flow conditioned oxygen therapy may offer
advantages for these patients.
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NHF 1s not inferior to NIV

* Include patient type: Critically ill patients ready for planned extubation
with at least 1 of the following high-risk factors for reintubation:

>65 y/o

APACHE 1I>12 points on extubation day
BMI =30

Inadequate secretions management
Difficult or prolonged weaning

>1 comorbidity

Heart failure as primary indication for mechanical ventilation
Moderate to severe COPD

Airway patency problems; or prolonged mechanical ventilation.



‘ Hernandez et al.

Results 2016

Primary outcome: Rate of reintubation

D> NHF was found to be non-inferior to NIV for preventing reintubation.

Risk difference between
groups (95% CI)

Reintubated within 72
hours, n (%) (19.1) (22.8)

=3.7 (-911t0 )

D> Non-inferiority margin set at 10%.

Hernandez et al. JAMA. Oct 2016.



Hernandez et al.

Results 2016

Secondary outcomes:
\Y; Absolute difference
between groups (95% CI)
Median time to reintubation, 215 26.5
hr (IQR) (10 to 47) (14 to 39) -5 (-341024)

Reintubations due to

hyperg:lpzlr;éc r:e(sc;:;ratory (2.5%) (2%) p=0.63
Median ICU length of stay, 4 3 _

days (IQR) 2t09) Qto7) Pt
Adverse events requiring 135 0
treatment discontinuation (429) (0) p < 0.001

for >18 hr,n (%) ‘
D  Other secondary outcomes were similar between groups.
Fisher&Paykel

Herndndez et al. JAMA. Oct 2016. HEALTHCARE



P Reduced 72 Hrs Reintubation
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Research

Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of Postextubation High-Flow Nasal Cannula
vs Conventional Oxygen Therapy on Reintubation
in Low-Risk Patients

A Randomized Clinical Trial

Gonzalo Hernandez, MD, PhD; Concepcion Vaquero, MD; Paloma Gonzalez, MD; Carles Subira, MD; Fernando Frutos-Vivar, MD;
Gemma Rialp, MD; Cesar Laborda, MD; Laura Colinas, MD; Rafael Cuena, MD; Rafael Fernandez, MD, PhD

CONCLUSIONS AND RELEVANCE Among extubated patients at low risk for reintubation, the

use of high-flow nasal cannula oxygen compared with conventional oxygen therapy reduced
the risk of reintubation within 72 hours.




i DNI patient

* Able to eat, drink, speak to family while
palliation Tx

* Lessening distress of patient
* Lessening distress of family

« Comfortable death with pink face vs. NRM
with pale one

« Warm ad reduce dryness feel to patients




Domiciliary High-Flow Nasal Cannula Oxygen Therapy for Patients
with Stable Hypercapnic Chronic Obstructive Pulmonary Disease
A Multicenter Randomized Crossover Trial

Kazuma Nagata', Takashi Kikuchi?, Takeo Horie®, Akira Shiraki®, Takamasa Kitajima®, Toru Kadowaki®,
Fumiaki Tokioka’, Naohiko Chohnabayashl Aklra Watanabe®, Susumu Sato'®, and Keisuke Tomii’

Nagata et al.

Conclusions 2018

NHFE improves Qol and reduces hypercapnia in COPD patients with
chronic hypercapnic respiratory failure.

NHF is well tolerated and no related severe adverse events occurred during
therapy.



Nagata et al.

Methods 2013

* Use 2 4hrs/sleep time

 Flow: 30-40lpm Enroliment and Randomization (n = 32)
Group A (n =16) 2 excluded Group B (n=16)

* 1did not meet
inclusion criteria

14 received NHF plus LTOT *1 detc_”_“e? to 16 received LTOT
for 6 weeks participate for 6 weeks
(Safety analysis set) (Safety analysis set)
14 received LTOT 16 received NHF plus LTOT
for 6 weeks for 6 weeks
1 drop-out
13 included in analysis 16 included in analysis
(Full analysis set) (Full analysis set)
Fisher&Paykel

Nagata et al. Annals of the American Thoracic Society. 2018. HEALTHCARE



Nagata et al.

Results 2018

* No COPD AE in NHF/LTOT
Secondary outcomes + 3 COPD AE in LTOT

NHF/LTOT improved the following significantly compared with LTOT alone;
* Each component of the SGRQ-C

 Arterial blood gas: pH, PaCO-

» Nocturnal PtcCO, (95" percentile and median)

ADJUSTED TREATMENT EFFECT P VALUE

(95% CONFIDENCE INTERVAL)

Arterial blood gas

* pH 0.02 (0.01,0.02) 0.01
» PaCO, (mmHg) -41(-6.5,-17) <0.01
Nocturnal PtcCO, (mmHQ)

» 95" percentile -48(-81,-1.5) <0.01
* Median -51(-84,-1.8) <0.01

Fisher&Paykel

Nagata et al. Annals of the American Thoracic Society. 2018. HEALTHCARE




® Cament ® aiEnt ®
Qea et al. 2010 INCLUSIONS DEMOGRAPHICS

Respiratory Medicine
RESULTS
REDUCES D Exacerbation frequency was 3.63 (Usual care)
exacerbation vs 2.97 (NHF) per patient per year, but was

not statistically significant (p:0.067)

days

D NHF significantly reduced the number
of exacerbation days over a 12-month
period from 33.5 to 18.2 days (p=0.045)

INCREASES METHOD D> [Median time to first exacerbation

time to first was significantly longer on NHF:
exacerbation 27 to 52 days (p=0.0495)

D NHF significantly reduced antibiotic use from
38.5% to 22.8% of patients (p=0.008).
All other medication use was similar.

REDUCES
antibiotic
use

There were also significant differences in QoL
and lung function measures.

D There were no significant differences
in hospital admissions, exercise capacity
or inflammatory markers

D The mean use time was 1.6 hours per day




International Journal of COPD Dove

3 CLINICAL TRIAL REPORT

Long-term effects of oxygen-enriched high-flow
nasal cannula treatment in COPD patients with
chronic hypoxemic respiratory failure

Storgaard et al.

Conclusions 2018

NHF reduced AECOPD and hospital admission rates in COPD patients
with chronic hypoxemic respiratory failure treated with LTOT.

NHF stabilized the clinical condition of advanced COPD patients as
measured by mMRC score, SGRQ, PaCO,, and 6MW'T compared to
control.




Storgaard et al.

Methods 2018

8hrs/day(Actual~6hrs) @EEEELTOEIETILTGELFY)! Excluded (n = 447)

- nght Only: 53% » Not meeting inclusion criteria (n = 278)

_ Day onIy: 320 * Declined to participate (n = 74)

) . . 0 - ~ * Other reasons (e.g. no contact
JESEeh i Randomized (n = 200) obtained (n = 95)

Flow: 20lpm

Discontinued Allocated Discontinued NHF Allocated Discontinued

study (n = 33) to NHF - stayed in study to control study (n =29)

« Death (n=15) (n=100) (n=17) (n=100) « Death (n=12)

» Intercurrent serious » Not compliant to NHF * Intercurrent serious
illness other than (n=12) illness other than
AECOPD (n=7) « Intercurrent serious AECOPD (n =9)

» Not compliant illness other than * Stopped smoking
to NHF (n=5) AECOPD (n=2) (n=2)

* Other reasons * Other reasons * Other reasons
(n=6) (n=3) (n=6)

== 12 MONTHS == 12 MONTHS
(n=67) (n=71)
Fisher&Paykel

Storgaard et al. International Journal of Chronic Obstructive Pulmonary Disease. 2018. HEALTHCARE




Storgaard et al.

Results 2018

Primary outcome (intention to treat analysis)

5
AECOPD rates were
significantly lower in < 4
patients in the NHF + LTOT s
group compared to the S
LTOT only group E s
5
3 2
&
1
0

Control NHF
Treatment group

Fisher&Paykel

Storgaard et al. International Journal of Chronic Obstructive Pulmonary Disease. 2018. HEALTHCARE




Storgaard et al.

Results 2018

Secondary outcomes

NHF with LTOT compared to LTOT alone improved:

« Hospital admission rates for those who followed the protocol
MMRC score

SGRQ score

PaCO,

oMWT

Mortality: no difference between the 2 groups

Fisher&Paykel

Storgaard et al. International Journal of Chronic Obstructive Pulmonary Disease. 2018. HEALTHCARE




Respiratory Medicine (2014) 108, 329—337

.

Available online at www.sciencedirect.com

ScienceDirect s

journal homepage: www.elsevier.com/locate/rmed

Nocturnal noninvasive positive pressure () crossven
ventilation in stable COPD: A systematic

review and individual patient data meta-

analysis

F.M. Struik >, Y. Lacasse , R.S. Goldstein ¢,
H.A.M. Kerstjens >°, P.J. Wijkstra >

Results: Seven trials (245 patients) were included. All studies were considered of moderate to
high quality. No significant difference was found between NIPPV and control groups after 3 or
12 months of follow-up when looking at PaCO, and Pa0O,, 6-minute walking distance, health-
related quality-of-life, forced expiratory volume in 1 s, forced vital capacity, maximal inspira-
tory pressure and sleep efficiency. Significant differences in change in PaCO, after 3 months
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Cirio et al. 2016 NCLISONS oeHoGRAICS
Respiratory Medicine * FEV1< 50%

« 6MWT<75% predicted

Effect of NHF on exercise capacity

1000 »

= Mean

INCREASES 8°°
exercise

O

endurance Q

- £
—

|
METHOD L

Control-test NHF-test

RESULTS

D> All patients had improved T, with NHF
compared to Control: mean difference
(£ SD) 109 * 104 secs (p = 0.015)

P| NHF also showed improved SaO,,
dyspnea and leg fatigue scores
compared to Control at iso-time (the
maximum time reached by both tests)
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Anaesthesia 2015, 70, 323-329

Original Article

doi:10.1111/anae.12923

Transnasal Humidified Rapid-Insufflation Ventilatory Exchange
(THRIVE): a physiological method of increasing apnoea time in

patients with difficult airways

A. Patel™? and S. A. R. Nouraei®

1 Consultant Anaesthetist, The Royal National Throat Nose and Ear Hospital, London, UK
2 Consultant Anaesthetist, 3 Specialist Registrar in Academic Otolaryngology, University College Hospital NHS

Foundation Trust, London, UK
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5 Optiflow THRIVE™ Extend Safe Apnoea Time
PATEL 2015
Extend safe apnoea time in difficult airways

METHOD

D Observational study Minimum SpO, during apnoea

D o5 patients with difficult airways for
hypopharyngeal or laryngotracheal surgery 99 ee o o .

> Optiflow THRIVE" used for initial preoxygenation ;5':. 96 >
and continued for apnoeic oxygenation
(70 L/min, 100 % oxygen) during IV induction

D Jaw thrust used to maintain upper airway
patency during apnoea

Minimum SpQO,

0 10 20 30 40 50 60 70
RESU LTS Apnoea time (minutes)
.. until a definitive airway secured)

D prevented desaturation below 90 %

|> Increased average apnoea time to 17 minutes

Optiflow”

THRIVE



Minimum SpO, (%)

o o ° °
99 ee o o ®
o o
°
Lo
o0 o
93 °
e o

RA DWAD: 2mins

90 oeo0 Pre-Oxygenation DWAD: 8mins Tanoubi et al, Cy
Frerk et al, BJA 2016 :

0 10 20 30 40 50 60

Apnoea time (minutes)
(i.e. until a definitive airway secured)

Apnoea 65mins
SpO2 remains 96%



End-tidal CO, at end of apnoea

16

14

Airway Ob8truction: ~3
Stock et al,.1989

N

CO2 level (kPa)
o

THRIVE: ~1.1mmHg/min
Patel et al, 2015

A O O

0 10 20 30 40 50 60
Apnoea time (minutes)

70






#2 Optiflow THRIVE" Application

|l|

Transcatheter aortic valve
Implantation, TAVI

Junior painless dental
surgery

Special needs dental
surgery

Drug induced sleep
endoscopy, DICE

Non-Intubated VATs

Awake craniotomy

Plastic surgery

Bariatric surgery

PACU recovery

Laryngo micro

Radio frequent catheter

Radiofrequency ablation,

(ERAS) surgery, LMS ablation, RFCA RFA
Pre-oxygenation Health examination Vertebroplasty Tendon repair
Ophthalmic surgery Obstetrics surgery ERCP Gynecology

Tympanic membrane
repair

Breast surgery

Vasectomy & Ligation
surgery

Cryoablation

Urology surgery

Cardiac catheterization

Image-guided biopsy

Embolization

Stent Placement

TOE/TEE

EBUS/EUS

Angioplasty
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o Start OP ABG

Test

BLOOL GAs

pH 7.350
pCO2 432
FL2 4109
Fict 35
CALCULATED

Hb 12.1
HCO3- 240
EEecf -1.8
S02% 100.0
CHEMISTR'Y

Met 141.0
b 3.59

Cert+

Non—-1ntubated VATs

1 hour later ABG

Test Ranges
Low High
6.500 8.000
30 200.0
00 800.0
12 70

Test Results
100D GAS

pH 7.308
pCo2 41.4
p2 74.2
et 37
CALCULATED

Hb

Units Low
6.500

mmHg 3.0
mmHg 0.0
% 12

High

8.000
200.0
800.0

70
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R A New Standard Care

During procedural sedation, Optiflow THRIVE™ helps to improve
patient safety by helping prevent desaturation and extend the safe
apnoeic window should apnoea occur.

Procedural sedation
TRADITIONAL LOW FLOW OXYGEN F&P OPTIFLOW THRIVE™

[ ]

+ Helps prevent
s desaturation
[ ]

Under-sedated : Over-sedated Under-sedated E edated
and aware E and apnoeic and aware ] oeic
Sedated but Sedated but
spontaneously spontaneously

breathing breathing
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Optiflow THRIVE 1n PACU
groupings

» HERF(Obesity)

+ =i (Elderly)

* Post-ENT surgery(H-&MRHlT{%)
» Post-Cardiac Surgery(B/ (M%)
* OSA(HERMFIR H 11-4E)

« Special disease Ex: M@, Had fail extubation record, Difficult secretion

remove: s



LUCANGELO 2012

Procedural sedation (Bronchoscopy)

RESULTS

Venturi Mask

Optiflow THRIVE"

Optiflow THRIVE"

40 L/min
15
94

Bronchoscopy duration (minutes)
Baseline SpO, % (median)

End of bronchoscopy SpO, % (median)

94

*Significantly different from Venturi mask and Optiflow THRIVE", 40 L/min

CONCLUSION

40 L/min
14
95
92

60 L/min
15
95

98*

> Optiflow THRIVE™ at 60 L/min may better protect patients with mild respiratory

dysfunctions from desaturations during bronchoscopy

Lucangelo U. et al. Crit. Care Res. Prac. 2012.

=3 Optiflow

THRIVE™



Bk No Difference 1in Intubation
. Rate!

Research

Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT
High-Flow Nasal Oxygen vs Noninvasive Positive Airway

Pressure in Hypoxemic Patients After Cardiothoracic Surgery
A Randomized Clinical Trial

Francois Stéphan, MD, PhD; Benoit Barrucand, MD: Pascal Petit, MD; Saida Rézaiguia-Delclaux, MD; Anne Médard, MD:; Bertrand Delannoy, MD:
Bernard Cosserant, MD; Guillaume Flicoteaux, MD; Audrey Imbert, MD; Catherine Pilorge, MD; Laurence Bérard, MD; for the BiPOP Study Group
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Results of the French RCT Study BiPOP i 20

» N=830, surgical cardiac pts with post=op ARF during 06/2011-12/2013in 6

French ICU.
BIiPAP, n=416 Optiflow, n=414
(Vt =8 ml/kg, PEEP=4, (Flow=50 L/min, FiO,=50%,
Sp0,=92 - 98%) Sp0,=92 - 98%)

\ 4 A 4

72hrs Intubation: 21.9% 72hrs Intubation: 21%




Blaudszun et al. 201/

Abstract - Association for Cardiothoracic Anaesthesia and Critical Care Conference, Birmingham, 2017

Cardiac surgical patients are at high risk of postoperative pulmonary complications.

METHOD RESULTS
O Prospective, randomized, O Optiflow NHF led to a 31% relative reduction in

conicllecl il mean hospital length of stay by 4.7 days
(13.4 days with SO, Optiflow NHF 8.6 days)
O 99 adult patients with high risk

for post-operative pulmonary O Optiflow NHF was associated with significantly
complications undergoing fewer ICU re-admissions (7/48 in SO group, 1/51

elective cardiac surgery in Optiflow NHF group)

O Oxygen therapy administered
for 24 hours, post-extubation Sollel il
1. Optiflow NHF O “When compared with standard care,
2 Standard oxygen (SO) prophylactic postoperative use of HFNO

(Optiflow NHF) in high-risk cardiac
surgial patients reduced hospital stay
and re-admission to ICU.”

H ™
Blaudszun G et al. Association for Cardiothoracic Anaesthesia and Critical Care Conference, Birmingham, 2017 [Abstr]. m optlflow




ANSARI 2015

PACU

METHOD

D 59 elective lung resection surgery patients
> Randomized controlled trial

D Compared efficacy of prophylactic use of Optiflow
THRIVE™ (20 - 50 L/min, FiO, titrated to SpO, > 93%)
and low flow oxygen (2 - 4 L/min face mask or nasal
prong, FiO, titrated to SpO, > 93%) for 24 hours
post-operatively on early functional outcome
(6 Minute Walk Test, 6 MWT)

RESULTS
D Compared to standard care, low flow oxygen:
« No difference in the 6 MWT

« Optiflow THRIVE" significantly reduced
length of hospital stay from 4 days
(standard care) to 2.5 days

Ansari B. et al. Ann. Thorac. Surg. 2016.

Median length of hospital stay

6
= P=003

A |

3

2

1

Standard oxygen Optiflow THRIVE™

Days

Adapted from Ansari, 2016.

Optiflow

THRIVE™
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%2 Summary & Flow Setting

Key: WMl Flowrange ( Starting flow @ Mean flow

Flow L/min
Guidance source Category description 10 15 20 25 30 35 40 45 50 55 60

Hernandez et al Oct 2016 .

Herndndez et al Apr 2016 o

Bell et al 2015

Frat et al 2015

Stéphan et al 2015

Maggiore et al 2014

Peters et al 2012

22
2
L
2 4
[
=
()
S
o
O
-
<
-
o
(7]
L
(2 4

Sztrymf et al 2011

Parke et al 2011

Corley et al 2011

stable severe COPD patients"

COPD, bronchiectasis” R |

bronchiectasis® -

*at 12 hours post extubation
1. Heréndez et al. JAMA. Oct 2016. 2. Herndndez et al. JAMA. Apr 2016. 3. Bell et al. Emerg Med Australas. 2015. 4. Frat et al. N Engl J Med. 2015. 5. Stéphan et al. JAMA, 2015. 6. Maggiore et al. Am J Respir Crit Care Med. 2014. 7. Peters et al.
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Ischaki et al. 201/

Ischaki. Eur

Acute
hypoxaemic
respiratory
failure* (1)

Criteria for
immediate
or imminent
intubation
are present.

Respir Rev. 2017.

-~
B &

N | SOIPMILOFIO, g

initia of _|

£io100% I-2h( 3 )

* Flow rate
60 L'min’

 Temperature
37°C

)

amd YES
v

prognostic
factors (4)

Intubation and invasive MV
NHF for‘ improving pre-oxygenatjon

* FiO, 100%
* Flow rate 60 L'min’

\

S

- 3
v
T Sp00om s
* FiO,
—tergetSpor—

[>88-90%]

* Flow rate based
on <25-30
breaths-min®and
patient comfort

« Temperature based
on patient comfort.

i YES

= J

Noninvasive
MV

Short trial [1-2 h]

prognostic
factors
within hours
[maximum

48h] (&)

‘3

- 3
v

Wea
from

When FiO, <0.4%
decrease flow rate
by 5 Lmin'. (7)

v

Intubation and
invasive MV

NHF for improving
pre-oxygenation and
peri-laryngoscopy
oxygenation

* FiO, 100%

* Flow rate 60 L-min’



ARDS
Spontaneous breathing

} ¢ ¢

If one of the following PaO,/FiO, < 300 mmHg PaO,/FiO, > 300 mmHg
Hemodynamic instability Mild respiratory distress No respiratory distress
Acute renal failure 1
Reduced level of consciousness _
Pa0,/FiO, < 150 mmHg HENG worsening SE"a"lda"d ?rz ﬂ;e;apy
. . < valuate after 1 hour
Severe respiratory distress Evaluate after 1 hour
Endotracheal intubation |
} - )
If one of the following I failure to improve PaQ, If improvement
Hemodynamic instability Moderate respiratory distress l

Deterioration of neurologic status Continue HENC
Worsening of hyoxemia
(PaO,/FiO, < 150 mmHg)
Severe respiratory distress

Noninvasive Ventilation

Endotracheal intubation Evaluate after 1 hour
If one of the following If improvement
Hemodynamic instability 1

Deterioration of neurologic status

Failure to improve PaO,/FiO,
Severe respiratory distress

Continue NIV

Endotracheal intubation

Fig. 1 Algorithm for practical use of high-flow nasal cannula (HFNC) and non-invasive mechanical ventilation (NIV) in acute respiratory distress
syndrome (ARDS)

Intensive Care Med (2016) 42:768-771
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Review Article

High-flow nasal oxygen therapy and noninvasive ventilation in the
management of acute hypoxemic respiratory failure

Jean-Pierre Frat'*’, Rémi Cuudroyl'z‘}, Nicolas Marj anovic ", Arnaud W, Thille™*”

r

. Humidification
High flow [ Heating ]
.

W a4

Expiration M Inspiration \ J |7
* PEP effect 4

* Alveolar recruitment

¢ Dead space wash out

. Peak insp flow coverage, b

high FiO, Comfort
¢ Alveolar recruitment and Compliance
redistribution of V;
) [ ]
I

JL J J b
\ A p— ;?\}'L P——
ole on
2
Improvement PaO,, PaCO, (?) [ micro-atelectasis? }

z S TTTTYTTTT
Decrease of WOB

¢ Decrease of inspiratory effort
¢ Decrease RR, Vmin ) ----------

Physiological effects of HFNNC oxygen therapy. HFNC, high-flow nasal cannula.
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Eh Optiflow - The Power of
ONE

Improving care for
tracheostomy patients
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R New AIRVO Circuit - 900PThbl
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F&P Optiflow™+

Designed for use with all F&P systems including AIRVO™ 2,
the Optiflow™+ cannula incorporates the latest in innovative
technology to deliver Nasal High Flow to your patients.

Optiflowt+ Interfaces

CONVENTIONAL BREATHING CIRCUIT
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£ Available on the
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Wi In conclusion

 High-flow nasal cannula (HFNC) oxygen therapy is able to deliver
adequately heated and humidified medical gas at flows up to 60 L/min,
it is considered to have a number of physiological advantages
compared with other standard oxygen therapies, including reduced
anatomical dead space, PEEP, constant FIO2, and good
humidification.

 Few large randomized clinical trials have been performed, HFNC has
been gaining attention as an alternative respiratory support for
critically ill patients, such as hypoxemic respiratory failure,
exacerbation of COPD, postextubation, preintubation oxygenation,
sleep apnea, acute heart failure, and conditions entailing do-not-
intubate orders.

« Some important issues remain to be resolved, such as definitive
indications for HFNC and criteria for timing the starting and stopping
of HFNC and for escalating treatment.

« HFNC has emerged as an innovative and effective modality for early
treatment of adults with respiratory failure with diverse underlying
diseases. 65



