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High flow oxygen therapy (HFOT)
High flow nasal cannula (HFNC)
Heated humidified high-flow therapy

Flow meter

Water
Reservoir

sz | Air-oxygen
=" blender
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< T8 Pump Humidifier . Heated Circuit
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High Flow Nasal Cannula

| ) Heated-
Nasal CPAP 1 HFNC Humidified |
, HFNC
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Devices of High flow nasal cannula

Precision Flow ™ Vapotherm Optiflow™, Fisher & Paykel Healthcare HFT500, MEKICS, Korea
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Potential Mechanism - HFNC

TABLE 1 | Potential Mechanisms of Clinical Benefit During HFNC Use

Mechanism

Clinical Benefit

Small, loose-fitting nasal prongs
Heat and humidification

Increased water content of mucus

Decreased metabolic cost of breathing

High nasal flow rate

Washout of upper airway dead space

PEEP12.15-24

Enhanced comfort>7
Enhanced comforts>+

Facilitated secretion removal

Avoidance of desiccation and epithelial injury®?

Reduced work of breathingto.it

Reduced inspiratory entrainment of room air if mouth closed; more reliable

delivery of F1o,12-14

Improved efficiency of ventilationis-i7
Enhanced oxygen delivery1?

Counterbalance auto-PEEP
Decreased work of breathing

HFNC = high-flow nasal cannula; PEEP = positive end-expiratory pressure.

Giulia et al CHEST 2015; 148 (1 ): 253 - 261
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Major literature review
on HFNC
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HFNC vs. NIV

High-Flow Nasal Oxygen vs Noninvasive Positive Airway Pressure in hypoxemic patients
after cardiothoracic surgery: A Randomized Clinical Trial

Stéphan F, Barrucand B, Petit P, Rézaiguia-Delclaux S, Médard A, Delannoy B, Cosserant B, Flicoteaux G, Imbert
A, Pilorge C, Bérard L; BiPOP Study Group.

JAMA. 2015 Jun 16;313(23):2331-9.

PMID 25980660, http://www.ncbi.nlm.nih.gov/pubmed/25980660

Design Multicenter, randomized, noninferiority trial comparing high-flow oxygen (flow = 50 [/min)
and NIV (PS = 8 cmH20; PEEP = 4 cmH20)

Patients 830 patients after cardiothoracic surgery

Objectives Compare the treatment failure, defined as reintubation, switch to the other study treatment,
or premature treatment discontinuation between groups

Main Results The treatment failed in 87 of 414 patients with high-flow oxygen (21.0%) and 910of 416 pa-
tients with NIV (21.9%). No significant differences were found for intensive care unit mortal-
ity (23 patients with NIV [5.5%] and 28 with high-flow oxygen [6.8%]; p = 0.66). Skin
breakdown was significantly more common with NIV.

Conclusion High-flow oxygen was not inferior to NIV in cardiothoracic surgery patients

Comment Noninferiority study
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Efficacy of high-flow nasal cannula therapy in acute hypoxemic respiratory failure:
decreased use of mechanical ventilation

Naaata K, Morimoto T, Fuiimoto D, Otoshi T, Nakagawa A, Otsuka K, Seo R, Atsumi T, Tomii K.
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Conclusion

The NEW ENGLAND
JOURNAL o« MEDICINE

ESTABLISHED IN 1812 JUNE 4, 2015

VOL. 372 NO. 23

High-Flow Oxygen through Nasal Cannula in Acute Hypoxemic

Respiratory Failure

Treatment with high flow oxygen decreased intubation rates in the most severe patients.
There was a significant difference in favor of high flow oxygen in 90-day mortality.

Comment

This study shows more intubation and mortality in the group treated by NIV. The hypothesis
Is that NIV could induce lung injuries by applying high tidal volumes.

B Patients with a Pao:Fio, =200 mm Hg 10

Curmnulative Incidence of |ntubation

10+

0.9+

0.8

0.7+

0.6

0.5+

0.4+

0.3+

0.2

0.1

0.0-¥

0.7
0.6+

Moninvasive ventilati
Standard oxygen

0.5

0.4+
High-flow oxygen

0.3+
0.24

Cumulative Probability of Survival

P=10.009 by log-rank test 0.1

]

0.94
0.E+

High-flow oxygen

"=tem Standard cxygen
Moninvasive ventilation

P=0.02 by log-rank test

T T T T T T 1
4 2 12 16 20 24 28 0.0 r

Days since Enrollment

T T T T 1
15 30 45 60 75 90

Days since Enrollment

L:'.I INJE UNIVERSITY HAEUNDAE PAIK HOSPITAL



During Intubation

Use of high-flow nasal cannula oxygen therapy to prevent desaturation during tracheal
intubation of intensive care patients with mild-to-moderate hypoxemia

Miguel-Montanes R, Hajage D, Messika J, Bertrand F, Gaudry S, Rafat C, Labbé V, Dufour N, Jean-Baptiste| S, Be-
det A, Dreyfuss D, Ricard JD.

Crit Care Med. 2015 Mar;43(3):574-83.

PMID 25479117, http://www.ncbi.nlm.nih.gov/pubmed/25479117

Design Prospective before/after study
Patients 101 ICU patients requiring tracheal intubation
Objectives Compare pre- and per-procedure oxygenation with either a standard oxygen therapy or a

high-flow nasal cannula oxygen (HFNC)

Main Results

Median lowest SpO2 during intubation were 94% (83-98.5) with the standard oxygen ther-
apy versus 100% (95-100) with HFNC oxygen (p < 0.0001). SpO2 values at the end of
preoxygenation were higher with HFNC oxygen. There were more episodes of severe hypox-
emia in the standard oxygen therapy group (2% vs 14%, p = 0.03).

Conclusion

HFNC oxygen improved patient safety during intubation

L:'.I INJE UNIVERSITY HAEUNDAE PAIK HOSPITAL



Post-extubation period

Nasal high-flow versus Venturi mask oxygen therapy after extubation. Effects on
oxygenation, comfort, and clinical outcome.

Maggiore SM, Idone FA, Vaschetto R, Festa R, Cataldo A, Antonicelli F, Montini L, De Gaetano A, Navalesi P, Ant-
onelli M.

Am J Respir Crit Care Med. 2014 Aug 1;190(3):282-8.
PMID 25003980, http://www.ncbi.nlm.nih.gov/pubmed/25003980

Design Randomized controlled trail: HFNC versus Venturi mask
Patients 105 hypoxemic patients
Objectives Compare the effects of the Venturi mask and the NHFC on Pa02/FiO2 after extubation

Main Results Pa02/Fi02 was higher with the HFNC (287 74 vs. 247 +81 at 24 h; p = 0.03). Discomfort
related both to the interface and to airway dryness was better with NHF (respectively, p =
0.006; and p = 0.002). Fewer patients had interface displacements, oxygen desaturations, re-
quired reintubation, or any form of ventilator support in the HFNC group.

Conclusion HFNC resulted in better oxygenation, better comfort, fewer desaturations and interface dis-
placements, and a lower reintubation rate

Comment HFNC decreased the reintubation rate
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Post-extubation period

Effect of postextubation high-flow nasal cannula vs. conventional oxygen therapy on
reintubation in low-risk patients: a randomized clinical trial

Hernandez G, Vaquero C, Gonzalez P, Subira C, Frutos-Vivar F, Rialp G, Laborda C, Colinas L, Cuena R, Fernan-
dez R

JAMA. 2016 Apr 5;315(13):1354-61

PMID 26975498, http://www.ncbi.nlm.nih.gov/pubmed/26975498

Design Multicenter randomized clinical trial
Patients 527 patients at low risk for reintubation fulfilling extubation criteria
Objectives Determine whether high-flow nasal cannula oxygen therapy is superior to conventional oxy-

gen therapy for preventing reintubation

Main Results Reintubation rate within 72 hours was lower in the high flow group compared with the con-
ventional oxygen group (13 patients [4.9%] vs 32 [12.2%]; p=0.004). Postextubation respir-
atory failure was lower in the high flow group compared with the conventional oxygen
group (22/264 patients [8.3%] vs 38/263 [14.4%]; p=0.03). Time to reintubation was not
significantly different between the high flow group (19 h [12-28] vs 15 h [9-31] in the con-
ventional oxygen group; p=0.66].

Conclusion The use of HFNC oxygen reduced the risk of reintubation in low risk of reintubation patients
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7% (humidification)2| =2 A

* Improve mucociliary function & secretion expectoration
* Avoid epithelial injury

* Airway resistance

* Decrease metabolic cost of breathing

* Less atelectasis
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4 days after

DOB:1938-
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“Bubble” humidifier
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Intensive Care Med (2009) 35:996-1003
DOI 10.1007/s00134-009-1456-x ORIGINAL

T ey e ntin Discomfort associated with underhumidified
Magali Sauter high-flow oxygen therapy in critically ill

Boris Jung .

Mustapha Sebbane pahents

Daniel Verzilli
Jean-Yves Lelrant
Samir Jaber

Clinical evaluations I

Day1 v Dayz2 l Day 3 l
—>-< >

Random ]
order L
=1 )

?I—HH h

Fig. 2 Design of the clinical study BH bubble humidifier; HH
heated humidifier
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Humidified & Heated HFNC

Percent of tvalue ~ Percent of t, value

Percent of t; value

Ciliary beat frequency

Mucus transport veolocity
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Intensive Care Med(2004) 30:1491-1494

n

Delivery of inspired
gas at 30 "Cor 34 ° C,
with 100% RH may

not be sufficient to

prevent epithelial
damage
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Humidified & Heated HFNC

Nasal Breathing Oral Breathing
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Fontanari et al. American Physiological Society(1996) L:'J INJE UNIVERSITY HAEUNDAE PAIK HOSPITAL



Nasal continuous positive airway pressure

0 - S
. PAP = flow Of

= H| 2{| Sl A

° =peany

closed
mouth | A
S7otCt

2

Pressure (cmH20)
3

Figure 1 Expiratory Pharyngeal Pressure- Mouth Open.

Australian Critical Care(2007) 20, 126-131 sz INJE UNIVERSITY HAEUNDAE PAIK HOSPITAL



Nasal continuous positive airway pressure

Airway : Closed Mouth

15 L/min

30 L/min

45 Limin

Reservoir-Bag
Facemask

(4,
Tracheal Pressure
(cmH,0)

Optiflow

(cmH,0)

MINERVA ANESTESIOLOGICA 2013;Vol.79-No.12

Tracheal Pressure
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Effect of Very-High-Flow Nasal Therapy on Airway Pressure and End-Expiratory Lung
Impedance in Healthy Volunteers

Parke RL, Bloch A, McGuinness SP.
Respir Care. 2015 Oct;60(10):1397-403
PMID 26329355, http://www.ncbi.nlm.nih.gov/pubmed/26329355

Design Physiological study using EIT
Patients 15F
S} o 0.12x-0.41
Objectives Asse T y=01ex-1 1ysiology
=
Main Results Flow X J
11¢ 210+ dance was
o
obse _—
©
@
Conclusion Very ?
> >
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Stable FiO2
Prevent CO2 re-breathing
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HFENC
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Mechanism of HFNC

« Improve mucociliary function & secretion expectoration

Sllaalletilaziilalal - Avoid epithelial injury

« Decrease metabolic cost of breathing

« Wash out dead space of upper airway

= |gh F|QW tzir= < Generate low-level positive airway pressure
« Reduce Work of Breathing

« More reliable delivery of FiO2

* Allow to speak, cough and oral intake
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Setting of HFNC

e 34 ~ 37 =0 20 17 (2tXt2| compliance

off k2t

Humidification

 Flow rate = 2tAto| demand O [f2t(Inspiratory flow
rate = (TV * RR)/ Fti (0] — TV 450ml, RR 14, Fti 0.3) =
21L/min

High Flow rate

« Sa02 £ target 2 2 X (AIM for RR<25, Sa02>90%)
o 7}535IH Fi02<0.6
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[ Contemporary Reviews in Critical Care Medicine ]

= CHEST

Heated Humidified High-Flow Nasal Oxygen in

Adults

Mechanisms of Action and Clinical Implications

Application

Benefits

Procedures

Hypoxemic respiratory failure
ARDS
Pneumonia
Idiopathic pulmonary fibrosis

Cardiogenic pulmonary edema

Postoperatively
Cardiothoracic and vascular

Cardiac surgery

Postextubation

Do-not-intubate patients

Enhanced oxygenation during endoscopy*

Mild and early+s
Enhanced oxygenations.1¢
Lower respiratory rate?

Enhanced oxygenation
Reduced dyspnea#s

Improved thoracoabdominal synchrony4é

Increased end-expiratory lung volume3®
Less escalation of therapy?2¢

Improved oxygenation and ventilation+
Enhanced comforts?
Less displacement of interface*”
Less escalation of therapy to noninvasive ventilation or intubation+

Improved oxygenation and respiratory mechanics*

CHEST 2015; 148(1):253-261
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HFNC (New insights)

A 20| A OF =277t

COPD =2tX0| EF0| E|LIR?

OIRITHX| AFEBHOF Bt ?
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2) Aerosol drug delivery

* The available in vitro evidence is not sufficient
to make a recommendation for or against aerosol
delivery during HFNC

* Few clinical studies

e At high flows, the amount of aerosol delivery is likely to
be very low.

“Washout effect of bronchodilator” n Ii ——
Aerosol inlet

Flow divider




Official Jowrnal of the Asian Pacific Society

Resplrology

Physiological effects of titrated oxygen via nasal high-flow
cannulae in COPD exacerbations: A randomized controlled

ORIGINAL ARTICLE

cross-over trial

APSR

NHF SNP
Intervention status  Time (min) Mean (SD) NHF minus SNP adjusted for time zero (95% Cl) P
Intervention 0 49.0 (10.3) 48.9 (10.4) N/A N/A
5 48.0 (10.1) 48.8 (10.3) -0.8 (-1.3to -0.4) <0.001
10 47.3 (10.0) 48.7 (10.1) -1.5(-2.1 to -0.8) <0.001
15 47.4 (10.0) 48.8 (10.1) -1.5(-2.2 to -0.7) <0.001
20 47.7 (10.3)  48.3(10.1) -0.9 (-1.8 t0 0.0)' 0.052
25 47.8 (10.1)  48.0 (10.0)’ -0.6 (-1.5t0 0.3)' 0.19
30 47.4 (10.1) 485 (10.1) -1.4 (-2.2 to -0.6)’ 0.001
Washout 35 47.2 (10.0)*  48.3(10.0) -0.9 (-1.9 to 0.04)* 0.059
40 46.5 (9.4)° 48.8 (10.1)* -1.0 (-1.9 to -0.01)* 0.047
45 47.2 (9.4)° 48.4 (9.9)° 0.3(-1.3t0 0.7)° 0.49

Reduction in PtCO2 — small, unlikely clinically significant
Reduction of respiratory rate -> decrement of work of breathing
(Increased alveolar volmune, tidal volume, reduction of dead space)

L:'.I INJE UNIVERSITY HAEUNDAE PAIK HOSPITAL
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COPD (Hypercapnic respiratory failure)
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Predictor of HFNC therapy failure ?
B0 607700134 D15 3605

Srung . Ju Kans Failure of high-flow nasal cannula therapy may
Chae-Man Lim delay intubation and increase mortality

Jin Won Huh
Seunghee Baek
Myongja Han
Hyun-Suk Seo
Hee Jung Suh
Ga Jin Seo

Eun Young Kim
Sang-Bum Hong

Failure of HFNC might cause delayed intubation(after 48hrs) and
worse clinical outcomes in patients with respiratory failure.
But no contributing factor...

After apply of HFNC, closed observation of Respiratory rate !
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ROX INDEX

Respiratory variables during HENC treatment

PaO2/FiO2 to RR < 4.88 O|3}H AL

(Oxygeneation 1} @S A0 @ &

Variable Time HFNC success HFNC failure P Q 109 =
Spoy/Fio; 2h 100 (98-125) 99 (95-124) 291 <
6h  121(99-160) 100 (96-140) 202 E
12h  129(115-162) 100 (96-126) 007 IR ) .
18h 158 (115-165) 100 (95-133) 030 % 08 * """
24h 162 (125-205) 104 (95-124) 001 0 it
RR (beats per minute) 2h 25(20-28) 26 (22-28) 223 2
6h 24(20-27) 24 (21-29) 480 “ i
12h  22(18-26) 26 (22-28) 059 ! 06 :
18h  22(19-25) 28 (24-33) 001 g ;
24h  21(18-24) 25 (22-30) 121 3 d
Paco, (mm Hg) 2h  3600(3275-40.18) 37.75 (31.78-4553) .849 o
6h  3680(3400-4323) 3620 (32.28-4350) .932 '8 04 - bt
12h  3825(3375-4253) 40.70 (35.00-49.40) 312 &
18h 3900 (3475-43.60) 40.00 (31.80-51.50) 1.000 P
24h 3775 (33.75-42.40) 39. so (30.00-46.10) 710 S
Flow (L/min) 2h 40 (40-60) (40- ) A70 'g 02-
6h 40 (40-60) 50 (40-60) 695 5 .
12h 40 (40-60) (40- ) 226 £
18h 40 (40-60) 55 (40-60) 329 3
24h|  40(40-60) 40 (40-60) 769 Q
ROX index 2h 440(353-562)  365(317-541) 216 001
6h  495(4.13-734)  460(3.73-571) 426 T T T
12h  589(458-785)  436(355-531)  .001 0 5 10
18h  609(505-817)  4.18(3.14-541)  .003
24h  769(533-10.00) 4.9 (361-522)  <.001

S

Length of HFNC therapy (days)

ROX index >4.68
al 12 h of HFNC

~MYes
‘No
~+= Yes-censored
= No-censored
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Original Article

Predictors of high flow nasal cannula failure in immunocompromised
patients with acute respiratory failure due to non-HIV pneumocystis

Pneumonia
P=001 P=048 P=003
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49/M, pneumonia, lung abscess
Ef S0 1L UH K|z 5 =2 glo] ME

No L U0y . Y=g =g

PH 7.44 7,37
PCO- 38 63

P02 3 63

Ca” (lonized) 0.87 0.9%
Base Eucess-ECF 1.6 1.1
Base Ewcess-Blood 1.6 9.2
Standard bicarbonate 26.1 32.0
dctual bicarbonate &h.8 3J6.4
Total Clz 27.0 38.3
0z Saturation o5 ]|
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* HFNCFio2 100% flow 60 L/min

* sp0292~94%

* Respiration rate 35/min

* Intubation A&

* SP0281% = 21533237 M& high PEEP A E2 0| & ZHA A
e Cardiac arrest - CPCR

* ROSC ; inhaled nitric oxide M-& l\
* Noresponse > LC}A| cardiac arrest on CPCR 1
S
* Emergent Veno-arterial ECMO M & %6@,\
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Predictor of HFNC therapy failure ?
“Decision to intubate”

1) HFNC £ H E|+= severe hypoxemic respiratory failure 2tXt= sp02, pO2
OF &0 SEERSER| 30 2HAGO

- Status of ventilatory fatigue, failure ( caution for mild hypercapnia)
- Hemodynamic status ( septic shock , cardiac function)

- Metabolic status ( sepsis, metabolic acidosis )

= close observation S} HAl 4™

2) Intubation 1FPHO0| O S = U S= 0| &St CHH]

- Volume status, vasomotor collapse after intubation
- Preparation for resuscitation, call for help, back up system

2) Mechanical ventilation and high PEEP = M85 S 0| & A=2H0| 0=
Z= Q1 2= CHH| S} A} (rescue therapy for ARDS!
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Case

e M/65
e Ex-smoker

« Distal pancreatectomy == A|H
* PFT —ratio 39%, FVC 90%, FEV1 — 48%, DLco — 74%

# s/p O&C, pancreatic head cancer # old TB # COPD QHESIA L7} Y 27| 2HAt
2 240 E4E 222 POD#22 2 L(CtH 2XHE 58 MEEH dyspnea@ A5HA| 1
saturatlon PO2 ZtAZ pain controldl= &0|Lt 04 6| S Ect Yo = AFEf L C}.

TapEQl DHOI B A} LI C TEIMH Hhapzls L Ch

PFT — severe obstructive pattern ¢ moderate decreased DLco clear B.S
p) COPD 9| =2 A otgt HCH= £~ 0|= OP wound 0 2 deep
breathing 20, ZHEF Hj= %O} 0] [}£ atelectasis Of Q| A7AC 2
MZE=IL|ICF HENC (Flow 60L/min, 37&%, FiO2 0.5) 2 A|ZtSHA|H,
=2SAdr ZkASHD, humidification 0 =20| &0 HEHHI =0 =

0|2 L|Ct. (HFNC 71 & Z2o3t 422 O|2 MYSYE £&= CO2
retension & 4% XH@*I,_I HEFC 2L}
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Additional Use
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Summary

HFNC = Heating — Humidification — High flow 2| 2r A 0| QI L}

HFNC= Invasive ventilator O| M, O|= CtA| Q| A O S &3t =CtO|C}t
- 7|2 & 2k

- 7|2 af 2t g

-EE A Ao

-7 7 A

HFNC failure 2| 0i| = 0| 2t X}9| 0| 20| =L S|Ct

Criteria for starting and stopping it,
indications for treatment escalation
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Is the patient critically ill?
(see Table 1 and section 8.10)

No

Is this patient at risk of hypercapnic respiratory failure? (Type 2 Respiratory Failure)

The main risk factor is severe or moderate COPD (Especially with previous Respiratory Failure or on Long Term Oxygen).

Other patients at risk include people with severe chest wall or spinal disease (e.g. kypho-scoliosis), neuro-muscular disease, severe obesity,
cystic fibrosis, bronchiectasis or previously un-recognised COPD

Narcotic / sedative overdose not covered by this algorithm- see Table 4 and section 8.13.5

Y

— -
Yes No
Target saturation is 88-92% or level on alert card Aim for Sp0; 94-98%
whilst awaiting blood gas results

| 5S “t
|
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Venturi 24% 2-3 |/min* Nasal cannulae 1 |/min Signs of Respiratory
Deterioration

Seek medical advice if

patient appears to

need increasing -
oxygen therapy or if
there is a rising NEWS

. T Resp Rate
(especially if >30)

or Track and Trigger Venturi 28% 4-6 |/min Nasal cannulae 2 |/min « dspo2
score. « 1} oxygen dose
White needed to keep
SpO2 in target range
: «  {F Ews/Trigger
Venturi 35% 8-12 I/min Nasal cannulae 4 |/min score
Yellow
CO, Retention

2

. Drowsiness
. Headache

All Patients must Venturi 40% 10-15 @Nasal cannulae or
have ABG or Earlob \/mi simple face mask at 5-6 * Flushed face
ave or Earlobe min P *  Flapping Tremor

Blood Gases (ELBG) I/min
within 1 hour of
requiring increased
oxygen dose.

Seek Medical Advice

Green

Venturi 60% 12-15 or Simple face mask
|/min 7-10 |/min

Reservoir mask at 15 I/min Oxygen
flow

Reservoir mask required, see
senior medical input immediatel
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