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Brief introduction of high flow nasal cannula(HFNC)
Mechanisms and benefits of HFNC
Indication and contraindication of HFNC
Role of HFNC in acute hypoxemic resp failure
CO nte ntS Role of HFNC in acute hypercapnic resp failure
Role of HFNC in post-extubation care

Role of HENC in palliative care and in COVID-19 era

Summary



Low flow system (nasal
cannula; simple mask;

02 supply non-rebreathing mask)

High flow system
(Venturi mask; high
flow nasal cannula)



Bubble humidifier for
low flow O2 therapy

Molsture
equipment

Nebulizers for high
flow O2 therapy




RoETR bes %ﬁEA;/ﬁégﬁ/mg
ZNRICEREE N e v EsiE =
HZ ~ WriggRzke ~ ARES WL ~ BARPIR
FERGHARZ E’%“CK BIERN R T
NENE RGBT S 14E

S L= %‘QﬁﬁmT%L\ mungﬁﬂ
B R AN RIE o (HFE RN T BEIR
7@%%%?? 5 IA RS LBZ
BLRRE IR 2R B MR
ﬁcx I SR BRI A




High flow nasal

cannula: equipment-
patient interface

: 30-60 L/min

: Fi02 =0.21-0.9
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Mechanisms and benefits of oxygen delivered via high
flow nasal cannula

Mechanism Physiologic and clinical benefit
Small, pliable nasal prongs » Enhanced patient comfort
Heat and humidification n Facilitates removal of airway secretions

n Avoids airway desiccation and epithelial injury
n Decreased work of breathing
» Enhances patient comfort

Washout of nasopharyngeal deadspace » Improved ventilation and oxygen delivery

Positive end-expiratory (PEEP) effect » Unload auto-PEEP (if present)
n Decrease work of breathing
s Enhance oxygenation

High nasal flow rate = Reliable delivery of fraction of inspired oxygen (FiO,)

» Improved breathing pattern (eg, increased tidal volume, decreased respiratory
rate)



HFNC increases nasopharyngeal airway pressure that peaks
at the end of expiration (ie, "PEEP effect")
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Respir Care 2013; 58(10):1621.



Indications

in patients with severe hypoxemic respiratory failure (eg, [PaO,:FiO,] ratio <300 mmHg)

Medical patients with severe hypoxemic resp failure

Post-extubation support

Prevention of post-op resp failure

Oxygenating patients during weaning trials or bronchoscopy

HFNC does not have a role to play for those who are sufficiently oxygenated with low-flow nasal
cannulae or those with an indication for immediate intubation (which includes failure of NIV)



Contraindications

Abnormalities or surgery of the face, nose, or

airway that preclude an appropriate-fitting nasal
cannula.

Following upper airway surgery to avoid the
theoretical risk that the high pressure may

precipitate a venous thromboembolism




Complications of
HFNC

Abdominal distension, aspiration, and
rarely, barotrauma (eg, pneumothorax)




Systematic Review | Published: 19 March 2019

High flow nasal cannula compared with conventional
oxygen therapy for acute hypoxemic respiratory failure:
a systematic review and meta-analysis

B. Rochwerg , D. Granton, D. X. Wang, Y. Helviz, S. Einav, J. P. Frat, A. Mekontso-Dessap, A. Schreiber, E.

Azoulay, A. Mercat, A. Demoule, V. Lemiale, A. Pesenti, E. D. Riviello, T. Mauri, J. Mancebo, L. Brochard & K.

Burns

Intensive Care Medicine 45, 563-572 (2019) ‘ Cite this article

Evaluate the safety and efficacy

no difference in mortality

decreased risk of requiring intubation (RR 0.85, 95% Cl 0.74-0.99) or
escalation of oxygen therapy(RR 0.71, 95% CI 0.51-0.98)

no effect on intensive care unit length of stay; patient reported
comfort; or patient reported dyspnea



The Clinical Respiratory Journal

Open Access

ORIGINAL ARTICLE

High flow nasal cannulae oxygen therapy in acute-moderate
hypercapnic respiratory failure

Myoung Kyu Lee, Jachwa Choi, Bonil Park, Bumjoon Kim, Seok Jeong Lee, Sang-Ha Kim, Suk Joong Yong,
Eun Hee Choi, Won-Yeon Lee EZ4

First published: 02 February 2018 | https://doi.org/10.1111/crj. 12772 | Citations: 67

1)evaluated the effectiveness in severe AECOPD with moderate hypercapnic acute
respiratory failure (ARF) compared to non-invasive ventilation (NIV).

2) prospective observational trial

3) The end point was the intubation rate and 30-day mortality

4) The intubation rate at day 30 was 25.0% in the HFNC group and 27.3% in the NIV group
(P =.857)

5) the 30-day mortality was 15.9% in the HFNC group and 18.2% in the NIV group

(P =.845).

no difference of the 30-day mortality and intubation rate
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High-Flow Nasal Cannula Oxygen and Noninvasive
Ventilation

Recommendations

* For adults with COVID-19 and acute hypoxemic respiratory failure
despite conventional oxygen therapy, the Panel recommends starting
therapy with HFNC oxygen; if patients fail to respond, NIV or
intubation and mechanical ventilation should be initiated (Blla).

* For adults with COVID-19 and acute hypoxemic respiratory failure
who do not have an indication for endotracheal intubation and for
whom HFNC oxygen is not available, the Panel recommends
performing a closely monitored trial of NIV (Blla).



Part I:HFNC in
acute hypoxemic
resp failure




I:HFNC in ARDS patients

Hypoxemic Patients With Bilateral Infiltrates
Treated With High-Flow Nasal Cannula Present

a Similar Pattern of Biomarkers of Inflammation
and Injury to Acute Respiratory Distress Syndrome

Patients™®

Marina Garcia-de-Acilu, MD"% Judith Marin-Corral, MD, PhD’; Antonia Vazquez, MD’;
Laura Ruano, BSc'; Monica Magret, MD, PhD* Ricard Ferrer, MD, PhD'>;
Joan R. Masclans, MD, PhD*?; Oriol Roca, MD, PhD'”

e Crit Care Med. 2017;45(11):1845-1853.



Study designs

Intubated and non-intubated patients admitted to the ICU with acute
hypoxemia (Pao2/Fio2 < 300) and bilateral opacities

If similar in terms of Lung epithelial, endothelial, and inflammatory
biomarkers




*RAGE: receptor for advanced glycation end products
*surfactant protein-D
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TABLE 3. Biomarkers Concentration in the Matched Groups

Mechanical High-Flow Nasal Mean Difference
Biomarker Ventilation (n = 39) Cannula (n = 39) Between Groups (95% CI)
Receptor for advanced glycation 2,663.80 2387.19 —280.56 0.41
end products (pg/mL) (2,169.80-3,13781) (1,972.10-2,802.28) (-969.41 to 408.30)
Surfactant protein D (ng/mL) 15.07 14.43 -1.05 0.58
(12.15-1799) (11.78-17.07) (-4.84 to 2.74)
Angiopoietin-2 (pg/mL) 0,88b.65 7660.29 -2,009.41 0.17
(7628.81-12,142.29) (6,213.89-9,106.68) (—4,948.72 to 929.89
IL-6 (ng/L) 122,95 120.01 -2.17 0.90
(96.81-149.08) (101.67-138.35) (-37.54 to 33.20)
IL-8 (pg/mL) 130.89 90.20 -40.34 0.15
(91.40-170.38) (65.85-124.55) (-95.72 to 15.03)
IL-33 (ng/mL) 1.48 1.21 -0.27 0.18
(1.14-1.82) (1.00-1.41) (-0.65 t0 0.13)
Soluble suppression of 3,389.92 3,066.77 —569.93 0.58
tumorigenicity-2 (pg/mL) (1,789.78-4,990.06) (1,425.94-470759) (-2,620.75 to 1,480.90)

IL = interleukin.
Data of mechanical ventilation and high-flow nasal cannula groups are expressed as mean (95% CI).



* Acute hypoxemic patients with bilateral infiltrates treated with high-
flow nasal cannula presented a similar pattern of biomarkers of
inflammation and injury to acute respiratory distress syndrome
patients undergoing direct mechanical ventilation




I:HFNC in ARDS patients

Comment 2> Respir Care. 2015 Aug;60(8):e148-9. doi: 10.4187/respcare.04314.

Seriously, Should We Be Treating Severe ARDS With
High-Flow Nasal Cannula Oxygen<--Reply

Jean-Damien Ricard 1, Jonathan Messika 1, Didier Dreyfuss T Karim Ben Ahmed 2,
Romain Miguel-Montanes 2, Stéphane Gaudry 3, David Hajage *

Affiliations 4 expand
PMID: 26211010 DOI: 10.4187/respcare.04314
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Contents lists available at ScienceDirect

Journal of Critical Care

journal homepage: www.jccjournal.org

Predicting success of high-flow nasal cannula in pneumonia patlents @mm
with hypoxemic respiratory failure: The utility of the ROX index™

Oriol Roca, MD, PhD *** Jonathan Messika, MD “®! Berta Caralt, MD *"!, Marina Garcia-de-Acilu, MD %
Benjamin Sztrymf, MD, PhD &, Jean-Damien Ricard, MD, PhD “® Joan R. Masclans, MD, PhD -2

ROX index ([ &E&AITE /FiO2] / MO 5% ) ] Crit Care. 2016;35:200-205



Cox proportional hazards model ( Cox regression ) to analyze the effect of ROX index great-
er than or equal to 4.88 after 12 hours of HFNC therapy and potential covariates on the risk
of MV

Hazard ratio a5z Cl o
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II:HFNC in pneumonia patients

[ Original Research Critical Care :| %CHEST

Can High-flow Nasal Cannula Reduce O
the Rate of Endotracheal Intubation in

Adult Patients With Acute Respiratory

Failure Compared With Conventional

Oxygen Therapy and Noninvasive

Positive Pressure Ventilation?

A Systematic Review and Meta-analysis

Yue-Nan Ni, MM, Jian Luo, MD,; He Yu, MD,; Dan Liu, MD,; Zhong Ni, MD,; Jiangli Cheng, MD;
Bin-Miao Liang, MD, and Zong-An Liang, MD

Chest. 2017;151(4):764-775.



HFNC vs COT + HFNC VS NIPPV: |ntubat|on

HFNC Control

Study or Subgroup Ewvents Total Events Total Weight M-H, Flandnm. 95% CI

M-H, Hﬂndorrl. 95% CI

1.1.1 HFNC vs COT

Bell 201578 0 48 1 52 1.2% 0.35 (0.01-8.90)
Brotfain 201419 1 34 6 33  2.4% 0.14 (0.02-1.20)
Corley 20152 0 81 2 74 1.3% 0.18 (0.01-3.77)
Frat 20155 40 106 44 94 11.5% 0.69 (0.39-1.21)
Hermandez 2016'® 13 264 32 263 10.4% 0.37 (0.19-0.73)
Jones 201623 1 165 3 138 2.3% 0.27 (0.03-2.67)
Lemiale 201524 4 52 2 48 3.5% 1.92 (0.33-10.97)
Maggiore 2014%° 2 53 11 52 4.1% 0.15 (0.03-0.70)
Nicolet 201127 3 19 1 21 2.1% 3.75 (0.36-39.59)
Parke 201128 0 29 0 27 Not estimable
Parke 201329 2 169 o 171 1.3%  5.12 (0.24-107.43)
Rittayamai 201530 0 20 0 20 Not estimable
Roca 201531 13 22 16 18  3.6% 0.18 (0.03-0.99)
Subtotal (95% CI) 1,062 1,011 43.8% 0.47 (0.27-0.84)
Total events 79 118

Heterogeneity: Tau® = 0.26; x° = 15.19, df = 10 (P = .13); I? = 34%
Test for overall effect: z = 2.55 (P = .01)

1.1.2 HFNC vs NIPPV

Coudroy 201621 21 60 30 55 0.5% 0.45 (0.21-0.95)
Frat 2015'% 40 106 55 110 11.7% 0.61 (0.35-1.04)
Hemandez 201622 66 290 60 314 13.3% 1.25 (0.84-1.85)
Nagata 2015%¢ 0 33 10 43 1.5% 0.05 (0.00-0.85)
Stéphan 20163 58 414 57 416 13.3% 1.03 (0.69-1.52)
Yoo 201633 7 34 13 39 6.8% 0.52 (0.18-1.50)
Subtotal (95% CI) 937 977 56.2% 0.73 (0.47-1.13)
Total events 192 225

Heterogeneity: Tau® = 0.16; x2 = 13.51, df = 5 (P = .02); P = 63%
Test for overall effect: z = 1.40 (P = .16)

Total (95% CI) 1,999

Total events 271 343
Heterogeneity: Tau® = 0.23; ¥% = 35.21, df = 16 (P = .004); ° = 55%
Test for overall effect: z = 2.76 (P = .0086)

Test for subgroup differences: ¥ =1.41,df=1 (P =.23). F =29.2%

1,988 100.0% 0.60 (0.41-0.86)

-
@
>
T T L] T
0.01 0.1 1 10 100
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(experimental) [control)



ICU mortality

HFNC

Control
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI

OR

2.1.1 HFNC vs COT
Brotfain 2014'°

Frat 201575
Hermnandez 20161°
Maggiore 20142°
Roca 20153
Subtotal (95% CI)
Total events

Heterogeneity: Tau® = 0.00; ¥ =3.35,df =4 (P = .50); P = 0%
Test for overall effect: z = 1.53 (P = .13)

2.1.2 HFNC vs NIPPV
Coudroy 20162

Frat 20157°
Hernandez 201622
Stéphan 201632

Yoo 201633

Subtotal (95% CI)
Total events

Heterogeneity: Tau? = 0.32; ¥°> = 12.21,df =4 (P = .02); P =67%
Test for overall effect: z = 1.44 (P = .15)

Total (95% CI)
Total events

32

9
12
19
28

3

71

103
Heterogeneity: Tau® = 0.17; x° = 15.72,df =9 (P = .07); ° = 43%
Test for overall effect: z = 1.92 (P = .05)

Test for subgroup differences: x2 = 0.00,df =1 (P = .96). 7 = 0%

34
106
264

53

22
479

60
106
290
414

34
904

1,383

o]
18
3
5
13

39

20
27
18
23

8

96

135

33
94
263
52
18
460

55
110
314
416

39
934

1.5%
13.3%
5.2%
7.7%
7.0%
34.8%

11.7%
14.2%
15.5%
17.4%

6.4%
65.2%

1,394 100.0%

3.00 (0.12-76.31)
0.54 (0.24-1.19)
1.00 (0.20-4.98)
1.20 (0.34-4.20)
0.32 (0.08-1.21)
0.65 (0.37-1.13)

0.31 (0.13-0.76)
0.39 (0.19-0.82)
1.15 (0.59-2.24)
1.24 (0.70-2.19)
0.38 (0.09-1.55)
0.63 (0.34-1.18)

0.67 (0.44-1.01)

0.01

Figure 6 — ICU mortality. See Figure 4 and 5 legends for expansion of abbreviations.

OR
M-H, Random, 95% CI
-
S P
<
-
0.1 1 10 100
Favors Favors
(experimental) (control)

Chest. 2017;151(4):764-775



Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
3.1.1 HFNC vs COT

Brotfain 201419 107 62 34 105 7.3 33 B88%  0.20(-3.05t03.45) 4
Hernandez 201616 6 2487 264 6 2806 263 4.4%  0.00 (-4.61 to 4.61) —
Jones 201623 45 7.21 165 49 B89 138 3H66% -040(-1.99tc1.19) S o
Maggiore 201422 117 102 53 104 B85 52 7.2%  1.30 (-2.29 to 4.89) —t—
Nicolet 201127 6 4 19 55 3 21 19.0%  0.50 (-1.711t02.71) -
Parke 2013%7 33.4 228 169 289 24 171 3.7%  4.50 (-0.48 to 9.48) | E—
Hoca 201 531 14 2B6.32 22 9 4437 18 0.2% 5.00(-18.26 1o 28.26)

Subtotal (95% CI) 726 696 79.9%  0.30 (-0.78 to 1.37) 'y

Heterogeneity: x* = 3.99, df = 6 (P = .68); F = 0%
Test for overall effect: Z = 0.54 (P = .59)

3.1.2 HFNC vs NIPPV

Coudroy 20162 7 0.88 60 8 1514 55 42% -1.00(-5.72 10 3.72) _
Hernandez 201622 3 21.72 290 4 3164 314 50% -1.00(-5.30 to 3.30) — -
Nagata 201528 6 11.72 33 4 1338 43 29%  2.00 (-3.66 to 7.66) —
Stéphan 201632 6 31.22 414 B 31.14 416 52%  0.00 (-4.24 to 4.24) —
Yoo 201632 134 103 34 206 142 39 289% -7.20(-12.84 to -1.56) —_—

831 867 20.1% -1.21 (-3.35 to 0.94) -

Subtotal (95% CI)
Heterogeneity: ¥° = 5.89, df = 4 (P = .21); F = 32%
Test for overall effect: z = 1.10 (P = .27)

4

Total (95% CI) 1,557 1,563 100.0% -0.01 (-0.97 to 0.96)
Heterogeneity: ¥° = 11.39, df = 11 (P = .41);: F = 3% ' - ' '
20 10 0 10 20

Test for overall effect: z = 0.01 (P = .99)

Test for subgroup differences: ¥° = 1.51, df =1 (P = .22). P = 33.8% Favors Favors
(experimental) (control)

Figure 7 — ICU length of stay. IV — inverse variance. See Figure 4 legend for expansion of other abbreviations.
Chest. 2017;151(4):764-775



Compared with COT, HFNC could reduce the
rate of endotracheal intubation in patients
with ARF




he 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

Jean-Pierre Frat, M.D., Arnaud W. Thille, M.D., Ph.D., Alain Mercat, M.D., Ph.D., Christophe Girault, M.D., Ph.D.,
Stéphanie Ragot, Pharm.D., Ph.D., Sébastien Perbet, M.D., Gwénael Prat, M.D., Thierry Boulain, M.D.,

Elise Morawiec, M.D., Alice Cottereau, M.D., Jéréme Devaquet, M.D., Saad Nseir, M.D., Ph.D., Keyvan Razazi, M.D.,
Jean-Paul Mira, M.D., Ph.D., Laurent Argaud, M.D., Ph.D., Jean-Charles Chakarian, M.D., Jean-Damien Ricard, M.D., Ph.D.,
Xavier Wittebole, M.D., Stéphanie Chevalier, M.D., Alexandre Herbland, M.D., Muriel Fartoukh, M.D., Ph.D.,
Jean-Michel Constantin, M.D., Ph.D., Jean-Marie Tonnelier, M.D., Marc Pierrot, M.D., Armelle Mathonnet, M.D.,

Gaétan Béduneau, M.D., Céline Delétage-Métreau, Ph.D., Jean-Christophe M. Richard, M.D., Ph.D.,
Laurent Brochard, M.D., and René Robert, M.D., Ph.D., for thefFLORALI Study}Group and the REVA Network™*
*The primary outcome was the proportion of patients intubated at day 28
*P/F ratio < 300, without hypercapnia




A Overall Population

Cumulative Incidence of Intubation

No. at Risk

High-flow oxygen
Standard oxygen
Noninvasive ventilation

1.0-
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0.8
0.7+

0.6-

0.1

Moninvasive ventilation

Standard oxygen

High-flow oxygen

P=0.17 by log-rank test
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B Patients with a Pao,:F10, =200 mm Hg
1.0+

0.9-
0.8-
0.7 -
0.6-
0.5-

0.4+

Moninvasive ventilation

Standard oxygen

0.3-

0.2-

Cumulative Incidence of Intubation

0.1-

High-flow oxygen

P=0.009 by log-rank test

0.0 .
0 4
No. at Risk
High-flow oxygen 83 55
Standard oxygen 74 37

Noninvasive ventilation 81 41

] 12 16 20

Days since Enrollment

54 54 53 53
35 34 34 34
34 32 32 32

24

53
33
32

28

53
33
32




1.0
0.9+

0.8

0.7+
0.6
0.5+
0.4
0.3+
0.2

Cumulative Probability of Survival

0.1+

P=0.02 by log-rank test

0.0 | I I | I
0 15 30 45 60 75

Days since Enrollment

MNo. at Risk

High-flow oxygen 106 100 97 94 94 93
Standard oxygen 94 84 81 77 74 73
Moninvasive ventilation 110 93 86 &0 79 78

|
90

93
72
77

High-flow oxygen

e Standard oxygen

Moninvasive ventilation

Figure 3. Kaplan—Meier Plot of the Probability of Survival from Randomization to Day 90.




Expert

potonotell - (I SR %

for HEFNC in :%EJTT“ I HFNC » {HEF%
patients with fjr% e R ’:vff‘“?[ﬁ?ﬁ%lﬁ’\]

pneumonia WFZE &N ELTE T Rt & A >
HFNCJj %}i’iiﬁﬁﬁﬁxﬁ% YA




I1I:HFNC in heart failure patients

American Journal of Emergency Medicine 37 (2019) 2084-2090

Contents lists available at ScienceDirect

American Journal of Emergency Medicine

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

HVNI vs NIPPV in the treatment of acute decompensated heart failure: )
Subgroup analysis of a multi-center trial in the ED e

Steven T. Haywood, MD *"* Jessica S. Whittle, MD PhD *”, Leonithas I. Volakis, PhD ¢,

George Dungan II, MPhil Med <4 Michael Bublewicz, MD “, Joseph Kearney, MD ', Terrell Ashe, RRT?,
Thomas L. Miller, PhD ", Pratik Doshi, MD ©/

*HVNI=22; NIPPV=20
*The primary outcome was therapy failure at 72 h after
enrolment



Table 2
Primary study outcomes of ADHF subgroup.Statistical significance (p <0.05) was

determined by Fisher's Exact test. All categories and groups analyzed reported sample
size N =22 (HVNI) and N = 20 (NIPPV)

Characteristic HVNI (N =22) NIPPV (N = 20) p-Value

Success No. (%) MNo. (%) 1.000
No 1 (4.5) 0 (0)
Yes 21 (95.5) 20 (100)

Intubation 1.000
No 22 (100) 20 (100)

Crossover 1.000
No 21 (95.5) 20 (100)
Yes 1 (4.5) 0 (0)

ADHF: Acute Decompensated Heart Failure.



Much comfort/tolerance; less monitoring

Table 4
Clinician perception scores of ADHF subgroup.Data presented as median (IQR) & range (min-max) for each characteristic. All categories and groups analyzed reported sample size
N = 20. Statistical significance (p < 0.05) was determined by Wilcoxon Rank Sum test.

Characteristic HVNI (N = 20) NIPPV (N =20) p-Value
Median (IQR) [Range| Median (IQR) [Range|

Patient respiratory response (1-insufficient, 3-adequate, 5-excellent) 5 (4-5) [2-5] 4 (3-5) [2-5] 0.081

Patient comfort/tolerance (1-insufficient, 3-adequate, 5-excellent) 5 (5-5) [3-5] 3 (3-4) [2-5] <0.001

Technical & clinical difficulties (1-frequent, 3-occasional, 5-excellent) 5 (5-5) [3-5] 5 (3-5) [3-5] 0.979

Simplicity of use (1-complex, 3-typical, 5-simple) 5 (4-5) [3-5] 3 (3-5) [3-5] 0.004

Monitoring required (1-complex, 3-typical, 5-simple) 5 (3-5) [1-5] 3 (3-4.5) [2-5] 0.036




*this subgroup analysis suggests
HVNI may be non-inferior to
NIPPV in patients with
respiratory failure secondary to
ADHF that do not need
emergent intubation




Chack Tor

updates
Original Article

Clinical efficacy of high-flow oxygen therapy through nasal
cannula in patients with acute heart failure

Min Gyu Kang', Kyehwan Kim', Sunmi Ju', Hyun Woong Park', Seung Jun Lee’, Jin-Sin Koh',
Seok-Jae Hwang', Jin-Yong Hwang', Jae Seok Bae’, Jong-Hwa Ahn’, Jeong Yoon Jang’, Yongwhi Park’,
Young-Hoon Jeong’, Choong Hwan Kwak’, Jeong Rang Park’

Primary outcomes: the physiological responses and in-hospital clinical
outcomes between two groups.

J Thorac Dis 2019 Feb;11(2):410-417
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No difference |

Table 2 In-hospital clinical outcomes

Variables Total (n=149) Intubation group (n=73)  HFNC group (n=76) P value
Hospital stay (days) 9 [6-14] 9 [7-16] 9 [6-14] 0.353

Vasopressor use 88 (59.1) 30 (41.1) 20 (26.3) 0.051

Renal replacement therapy 13 (8.7) 6 (8.2) 7(9.2) 0.830

Sustained ventricular arrhythmia 13(8.7) 8 (11.0) 5 (6.6) 0.344

Hospital acquired pneumonia 17 (11.4) 10 (13.7) 7(9.2) 0.389

All-cause death 11(7.4) 7 (9.6) 4(5.3) 0.313

Cardiac death 9(6.0) 6(8.2) 3 (3.9) 0.274

Requiring intubation* - - 10(13.2) -

Continuous variables are presented as median (interquartile range) and categorical variables are expressed as a number (%). *, data of
HFNC group. HFNG, high-flow oxygen therapy through nasal cannula.

J Thorac Dis 2019 Feb;11(2):410-417



This study showed HFENC group had a similar
result of improvement of oxygen saturation
and in-hospital clinical outcomes compared
with intubation group in AHF.
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Part II:HFNC
in patients I: mild to moderate

with acute hypercapnic resp failure

WEEEIS )1; AECOPD
resp failure




I: mild to moderate hypercapnic resp failure

Review Article

High-Flow Nasal Cannula in Hypercapnic Respiratory Failure: A
Systematic Review and Meta-Analysis

Yongkang Huang (), Wei Lei, Wenyu Zhang, and Jian-an Huang

> 16 years old
PaCO2 > 45 mmHg
621 patients ; 6 RCT and 2 cohort study

Can Respir J . 2020 Oct 29;2020:7406457
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Intubation
1.1.1. RCTs

Jing, ., et al., 2018 2 22 1 20 7.7 1.82 [0.18, 18.55] =
Papachatzakis, Y., et al., 2020 0 20 (1] 20 Mot estimable
Tan, D, et al, 2020 o EE [ 42 45.4 0.95 [0.33, 2.73] — N —
Wang, ]., et al., 2019 4 23 5 20 39.5 0.70 [0.22, 2.24] —_—
Yu, Z.,etal., 2019 1 36 1 36 7.4 1.00 [0.07, 15.38]
Subtotal (95% CI) 145 138 100.0 0.92 [0.45, 1.88] -
Total events 13 13
Heterogeneity: chi® = 0.56, df = 3 (P = 0.91); I = 0%
Test for overall effect: Z = 0.22 (P = 0.82)
1.1.2. Cohort studies .
Lee. MLK.. ct al., 2018 11 14 12 44 584  0.92[0.45, 1.85] Intubation
Sun, J., et al., 2019 a8 39 9 43 41.6 0.98 [0.42, 2.29]
Subtotal (95% CI) 53 87 100.0 0.94 [0.55, 1.62]
Total events 19 21
Heterogeneity: chi® = 0.01, df= 1 (P=0.91); I = 0% - T - ' T
Test for overall effect: Z = 0.21 (P = 0.83) 0.02 0.1 1 10 50
Favours (experimental) Favours (control)
Mortality
2.1.1. RCTs |
Jing, G., et al., 2018 5 22 5 22 25.8 1.00 [0.24, 4.10]
Papachatzakis, Y., et al., 2020 3 36 2 36 12.2 1.55 [0.24, 9.85] -
Tan, D., et al, 2020 7 44 5 42 28.7 1.40 [0.41, 4.81] N
Wang, ., et al., 2019 o 23 -1 20 21.1 1.41 [0.34, 5.94] -
Yu, Z.,etal., 2019 3 36 2 36 12.2 1.55 [0.24, 9.85] n
Subtotal (95% CI) 161 156 100.0  1.33[0.68, 2.60] -
Total evenis 24 18
Heterogeneity: chi® = 0.22, df = 4 (P = 0.99); 2 =0%
Test for overall effect: Z = 0.85 (P = 0.40)
2.1.2. Cohort studies
Lee, M.E., et al., 2018 7 EE 8 e 58.2 0.85 [0.28, 2.59] .
Sun, J., et al., 2019 6 39 6 43 41.8 1.12 [0.33, 3.82] Mortallty
Subtotal (95% CI) 53 87 100.0 0.96 [0.42, 2.20]
Total events 13 14
Heterogeneity: chi? = 0.11, df = 1 (P = 0.74); I? = 0% r J ' v )
0.005 0.1 1 10 200

Test for overall effect: 2 = 0.09 (P = 0.93)

Ficureg 3: Intubation and mortality.



Experimental Comntrod Weight Mean difference Mean difference
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Test for subgroup differences: chi® = 0,21, df = 1 (P = 0L65); ? = 0% Favours (experimental) Favours (control)
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Papachatzakis, Y., et al_, 2020 -85 1379 20 —-53 1415 20 9.1 —-350 [-12.16, 5.18]

Tan, [}, et al, 2020 3s 9 86 44 05 11.12 42 343 4 W0 [—0.45, 8.45] +—

Yu, Z.,et al, 2019 —16.53 1091 36 —13.72 952 36 30.3 —2_81 |-7.54, 1.92] —_—
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Heterogeneity: chi® = 573, df = 4 (P = 0.22); I = 30%
Test for overall effect: Z = 0,01 (P = 0.99)
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Subtotal (95% CI) a3 87 1oL 284 [—-0.20, 6.07] B

Heterogeneity: chi®™ = 752, df = 1 (P = 0.006); F=a7% r . ; 2

Test for overall effect: Z = 1.84 (P = 0.07) —20 —10 ) 110 20
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33 1. pH_RCTs

Cong, L, et al., 2019 005 .12 84 O L1 84 365 0.0 [—0u03, D3] +
Jimg, G, et al., 2008 0 0,058 22 —0.02 0078 20 248 002 =002, 0.06]) —-—
Papachatzakis, Y., et al., 2020 0 0,141 20 i 0,141 20 5.7 OOl | =0 s, Ous] —_—
Tan, I, et al., 2020 —004 0036 43 i L0836 42 3249 —0o0kd [—000E, —0.00] —m
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{al
Study or sub Experimental Control Weight MMean difference Mean difference
¥ group Mean SD Total Mean SD Total (%) IV, fixed, 95% CI IV, fixed, 95% CI
Jing, G.. et al, 2018 31 5347 22 36 g282 20 271 —0.50 [-4.05, 3.05] E—
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Y, Zoet al, 2019 —13  5.441 6 —124 5544 36 529 —Le0 -3 14, 1.94] L
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Heterogeneity: chi® = 0,16, df = 2 (P = 0.92); IF = 0% 1o e o - o
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Frcure 4: (a) Blood gas analysis. (b) Respiratory rate.



* HFNC may be an effective and safe
alternative to prevent endotracheal
intubation and mortality when NIV is
unsuitable in mild-to-moderate hypercapnia.

/




Il: AECOPD

Heart & Lung 50 (2021) 252—-261

Contents lists available at ScienceDirect

Heart & Lung

journal homepage: www.heartandlung.com

High-flow nasal cannula for acute exacerbation of chronic obstructive
pulmonary disease: A systematic review and meta-analysis

Peng-Lei Yang, MM®"! Jiang-Quan Yu, PhD>“!* Han-Bing Chen, MM®"

* Graduate school of Dalian Medical University, Dalian, Liaoning province, China
b Department of Critical Care Medicine, Northern Jiangsu People’s Hospital, Yangzhou, Jiangsu Province, China
¢ Clinical Medical College of Yangzhou University, Yangzhou, Jiangsu Province, China
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Jing, G. Q.2019 1 22 2 20 139% 0.45 [0.04, 4.84] 7
Myoung Kyu Lee 2018 11 44 12 44 T98%  0.92[0.45, 1.85] +
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Fig. 5. HFNC versus NIV in mortality of AECOPD patients. M—H, Mantel-Haenszel method; CI, confidence interval.



* Conclusion: For AECOPD patients, low-
qguality evidence indicates that HFNC does
not increase intubation and mortality risks
compared to NIV.
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Part [ll: HFNC In
post-extubation
care

|: HFNC In post-
extubation resp failure

II:HFNC in post-thoracic
or post-cardiovascular
surgery high risk patients



Intensive Care Med
https://doi.org/10.1007/500134-020-06312-y

CONFERENCE REPORTS AND EXPERT PANEL

. ®
The role for high flow nasal cannula as a i

respiratory support strategy in adults: a clinical
practice guideline

Intensive Care Med. 2020;46(12):2226-2237



b

When should high flow nasal cannula (HFNC) be used in the clinical setting?

Hypoxemic respiratory failure

Following extubation

Postoperative HFNC in high risk
and/or obese patients following
cardiac or thoracic surgery

Peri-intubation period

recommendation

recommendation

recommendation

(moderate certainty) (moderate certainty) (moderate certainty)
(moderate certainty)
Strong Conditional Conditional No

recommendation

Fig. 1 Scheme of recommendations

Intensive Care Med. 2020;46(12):2226-2237




I: HENC in post-extubation resp failure

Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of Postextubation High-Flow Nasal Cannula
vs Conventional Oxygen Therapy on Reintubation

infLow-Risk Patients

A Randomized Clinical Trial

Gonzalo Herndandez, MD, PhD; Concepcion Vaguero, 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

for 24 hours after extubation " JAMA 2016 Apr 5;315(13):1354-61



Low risk for reintubation definitions:

e younger than 65 years;

e Acute Physiology and Chronic Health Evaluation Il score less than 12 on day of
extubation;

body mass index less than 30;

adequate secretions management;

simple weaning;

0 or 1 comorbidity; and

absence of heart failure, moderate-to-severe chronic obstructive pulmonary
disease, airway patency problems, and prolonged mechanical ventilation



Characteristic

(n = 264) {m

Aage, mrean (S, w

[ =Ygl

APACHE Il at 1CU admission, median (R
APACHE 1l at extubation, median (1QR)Y

SL (L3 1Y)
164 (62.1)
14 (9-16)

S1.8 (LZ_2)
152 (58.2)

Length of mechanical wentilation before

extubation, median (1QR), d

Corticosteroids =12 h before extubation 6 (2.7 F LI 2
Comuorbidities®
Arterial hhwwpertension A4F (16&.3) IF (14 1)
Meurologic disease 200 {F.6% 34 (12.9)
Other respiratory disease 2494 {(9.1% 25 (9.5)
Heart disease 20 {F.56Y) 23 (B.F)
Cancer 23F (2. T 18 (&.8)
Body mass index =259 21 {(8) 14 (5.3)
Diabetes mellitus 156 {(&.1) 14 (5_.3)
Hepatic disease 1Y (2.2 @D (3.4)
Mild COPD 8 (3) S (1.9)
FRenal failure I (1.1 A (1.5)
Other comoarbid conditions 1S {(S.7) 20 (F.&58)
Diagnosis at Admission™
Pl=dical 175 (66.2) 196 (F4.5)
Respiratory primary Failure A4F (1E&.3) A4 (157
ARDSF R L 11 (.20
Respiratory tract infectiomn 11 (<. 2) 10 (F.8)
Exacerbated COPD I (1.1% 2 (.8)
Ajdrway patency problerms 1 {Z.8) 5 (2.3)
Other 15 (. 7)) 15 (5. 7)
Monrespiratory primary failure 132 {(S0O) 152 (57.8)
Cardiologic 21 (&) 21 (8)
MNMeurologic 59 {(Z26.1% 286 (22.7)
Other A2 (159 A5 (1710
Traurma A (1LE.TFY 29 (14 8)
Traumatic brain injury F1L (11T 17F (6.5)
Surgical 131 (ADE) 120 (45_6)
Scheduled siirgeiry 45 {(17) 25 {13.3)
Urgent surgaery 86 (2.6 85 {(22.3)
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Table 2. Primary and Secondary Outcomes

Oxygen Therapy Difference
High-Flow Conventional  Between Groups
Variable (n = 264) (n = 263) (95% Cl) P Value
Primary Outcome
All-cause reintubation, No. (%) 32(12.2) 7.2(2.5t012.2)
Secondary Outcomes
Postextubation respiratory failure, 22 (8.3) 38 (14.4) 6.1 (0.7 to 11.6) .03°
No. (%)
Respiratory infection, No. (%) 6(2.3) 13 (4.9) 2.7 (-0.6t06.2) .07°
Ventilator-associated tracheobronchitis 3(1.1) 7(2.6) 1.5(-1.0to 4.4) 22
Ventilator-associated pneumonia 3(1.1) 6(2.3) 1.2 (-1.3to 3.9) 31°

Causes of postextubation respiratory
failure, No. (%)

Respiratory acidosis® 1 (4.5) 4 (10.5)

Hypoxia®“ 7(31.8) 6 (15.8)

Unbearable dyspnea 9 (40.9) 14 (28.9) .10°
Decreased level of consciousness 2(9) 0

Inability to clear secretions 3(13.6) 14 (36.8)

Reasons for reintubation, No. (56)

Respiratory causes for reintubation

Cardiorespiratory arrest 0 1(0.4)

Agitation 1(0.4) 0

Inability to clear secretions 0 5(1.9)

Hemodynamic impairment® 1(0.4) 1(0.4) 02° :
Persistent postextubation 2 (0.8) 16 (6)

respiratory failure



* 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




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 injHigh-Risk Patients
A Randomized Clinical Trial

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

-JAMA 2016 Oct 18;316(15):1565-1574



Figure 2. Kaplan-Meier Analysis of Time From Extubation to Reintubation
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Reintubation, %

No. at risk

High-flow oxygen therapy 290
Noninvasive mechanical ventilation 314

15+

10+
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260 234
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Figure 3. Kaplan-Meier Analysis of Time From Extubation to Death
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20+
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Cumulative Mortality, %

High-flow oxygen therapy

Noninvasive mechanical ventilation

No. at risk
High-flow oxygen therapy 282
Noninvasive mechanical ventilation 309

223

261

14 21 28
Days After Extubation

144 101 78
187 112 79

Patients censored in the first
24 hours are not included.



* 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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II:HFNC in post-thoracic or post-cardiovascular
surgery high risk patients

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

The primary outcome was treatment failure, defined as reintubation, switch to the other study treatment, or
premature treatment discontinuation (patient request or adverse effects, including gastric distention).



Figure 2. Postoperative Patients Without Treatment Failure
After Extubation
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 Among cardiothoracic surgery patients with or at risk for respiratory
failure, the use of high-flow nasal oxygen therapy compared with
intermittent BiPAP did not result in a worse rate of treatment failure.

The findings support the use of high-flow nasal oxygen therapy in
similar patients.
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Table 1. Subject Characteristics (n = 50)

Male 25
Female 25
Age, mean y 713
Age range, y 2796

Diagnosis for hypoxemic respiratory failure, no.
hospital mortality %

Pulmonary fibrosis 15(73.3)
Pneumonia 15 (46.7)
COPD 12 (33.3)
Congestive heart failure 3(33.3)
Solid malignancy T1(37)
Hematologic malignancy T(71.4)
Sepsis 2 (50)
Pulmonary embolism 2 (50)
Myocardial infarct 1 {0)

Hemorrhage 1 {100




Table 2. Outcome of High-Flow Nasal Oxygen in 50 Subjects®
With Do-Not-Intubate Status

Pre-HFNC Post-HFNC P
Breathing frequency. 30.6 247 =2 001
breaths/min
O, saturation 591 94.7 = 001

* 41/50 (82% ) were maintained on high-flow nasal cannula (HFNC). 950 (18% ) escalated to
noninvasive ventilation. Overall hospital mortality was 60%. The mean HFNC Fy,, was (.67
(range (.3-1.0). The mean HFNC flow was 42,6 Limin (range 3060 L/min).

HFNC was initiated at a mean FIO2 of 0.67 (range 0.30 —-1.0) and flow of 42.6 L/min
(range 30 — 60 L/min).



* HFNC can provide adequate
oxygenation for many patients
with hypoxemic respiratory failure
and may be an alternative to NIV
for DNI patients.




HFNC effects on ILD patients with DNI

Efficacy and Tolerability of High-Flow Nasal
Cannula Oxygen Therapy for Hypoxemic
Respiratory Failure in Patients with Interstitial
Lung Disease with Do-Not-Intubate Orders:

A Retrospective Single-Center Study
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Yusuke Amano? Yuichi Ozawa? Takashi Matsui? Koshi Yokomura?

Takafumi Suda®

?Department of Respiratory Medicine, Respiratory Disease Center, Seirei Mikatahara General Hospital, Hamamatsu,
Japan; "Second Division, Department of Internal Medicine, Hamamatsu University School of Medicine, Hamamatsu,

Japan
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Fig. 2. Kaplan-Meier survival curves for patients with hypoxemic
respiratory failure associated with interstitial lung disease treated
with HFINC oxygen therapy or NPPV. HFINC, high-flow nasal can-
nula; NPPV, noninvasive positive pressure ventilation; CI, confi-
dence interwval.



Table 2. Outcomes in patients with hypoxemic respiratory failure associated with interstitial lung disease

Outcome HEFNC group NPPV group p value
(n=54) (n=30)
In-hospital mortalit 43 (79.6) 25 (83.3) 0.78

emporary interruption at the patient's request

Discontinuation at the patient’s request

Adverse events

Number of days from the last meal to deat 2(1-5)(n=43 4(2-8)(n=25 0.037
Number of days from the last conversation to death 1(1-2) (n=43) 2(1-4) (n=25) 0.042

Each parameter is expressed as n (%) or median (interquartile range). Parameters in each group were compared
using Fisher’s exact test or Mann-Whitney U test. HENC, high-flow nasal cannula oxygen therapy; NPPV,
noninvasive positive pressure ventilation.




Table 3. Changes in respiratory rate and dyspnea scale scores before and after beginning HENC or NPPV

HENC NPPV

pre-HENC  post-HENC  p value pre-NPPV post-NPPV  pvalue
Respiratory rate, breaths/min 28.0(7.0) 23.8 (4.3) 0.0001 31.2 (8.1) 32.6 (8.9) 0.34
STAS-J dyspnea score 1.14(0.72)  0.90(0.57)  0.07 1.37(0.69)  1.30(0.82)  0.69

Each parameter is expressed as mean (standard deviation). Parameters in each group were compared with the paired ¢ test. HFNC,
high-flow nasal cannula oxygen therapy; NPPV, noninvasive positive pressure ventilation; STAS-]J, Japanese version of the Support Team
Assessment Schedule.







Part V:Special Consideration
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Table 1. Factors Associated with the Use of HFNC

No HFNC (n=233) HFNC (n = 146) P Value
Patients characteristics
Age, yr 63 (53-69) 60 (53-67) 0.249
Sex, F 57 (25) 31 (21) 0.549
Body mass index, kg/m ™~ 28 (25-32) 27 (25-30) 0.213
Comorbidities
COPD 13 (B) 7 (5) 0.923
Asthma 12 (5) 11 (8) 0.468
Diabetes 72 (31) 42 (29) 0.745
High blood pressure 121 (52) 67 (46) 0.299
Chronic heart failure 22 (10) 10 (7) 0.488
Immunosuppression 49 (21) 19 (13) 0.060
On ICU admission
Time since disease onset, d 8 (5—10) 10 {(7—12) < 0.001
Time since hospital admission, d 1 (0-3) 1 (0-3) 0.599
Body temperature, "C 37.9 (37.0-38.7) 38.0 (37.4-38.7) 0.146
Oxygen flow, L/min~" 15 (8-15) 15 (9-15) 0.045
MNumber of quadrants involved on chest X-ray 4 (2—4) 4 (2—4) 0.658
Pag /Fio. at Day 1 (worst value), mm Hg 130 (97-195) 126 (86—-189) 0.433
Leuﬁocy:tas, G/L™! 8.08 (5.49-11.30) 8.09 (5.70-10.79) 0.537
Lymphocytes, G/L ™’ 0.80 (0.59-1.18) 0.70 (0.54-1.03) 0.056
D-dimer, U 1,908 (830-3,968) 1,500 (920-2,770) 0.194
Lactate, mmol/L™" 1.2 (1.0-1.8) 1.4 (1.0-1.7) 0.292
SOFA at Day 1 6 (3-9) 4 (3-5) <0.001
Oxygenation/ventilation strategy
CPAP 3 (1) 3(2) 0.873
NIV 18 (8) 9 (6) 0.703
Duration of HFNC therapy, d 0 4 (2-6) —
Before intubation®
Respiratory rate, min—’ 33 (26-36) 30 (25-32) 0.089
Spo,., % 94 (88-97) 97 (95-100) 0.010
Fio,. %0 66 (49-66) 100 (90-100) 0.008
Organ failure and support during ICU stay
Vasopressors 123 (53) 42 (29) = 0.001
Acute kidney injury 139 (60) 56 (40) <0.001
—_— Planal ranlacaosant tharao: A 14 LARATA L
Qutcome variables
Invasive mechanical ventilation at Day 28 175 (V5) 82 (56) = 0.001
ICU mortality 68 (34) 30 (25) 0.117
Mortality at Day 28 70 (30) 30 (21) 0.055
Mortality at Day 60 72 (31) 31 (21) 0.052
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Take home message -1
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Take home message -2
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Take home message -3
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Take home message -4
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* Thanks for your listening
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