NIPPV and HFENC for critically ill patients
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Outlines

» Current device of non-invasive respiratory support
* Indications of non-invasive respiratory support

« Parameters predicting failure of non-invasive respiratory
support.



Devices of non-invasive respiratory support

* Negative pressure ventilator

Mid-1800’s ~
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Non-invasive respiratory support

e Conventional oxygen therapy (COT)
v'Nasal cannula
v'Simple mask
v'Non-rebreathing mask
v'Venturi mask

* High-flow nasal cannula (HFNC)
* Pressure support non-invasive ventilation (NIV)



HFNC

* Warm and wet airflow
* Delivered set FiO, and washout nasopharyngeal dead space

* Reduce inspiratory effort and provide positive airway pressure (4
cmH,0)

* Setting
vFi0,: 0.21 -1
v'Gas flow: 40 — 60 L/min :
v'Temperature: 31 -37°C \

Grieco DL, et al., Intensive Care Med. 2021 Aug;47(8):851-866.



Physiologic effects of high-flow nasal cannula

Nasal Cannula High-FlowNasal Cannula

* Washout of anatomical deadspace
e Reduction of respiratory efforts
* Optimization in patients comforts

Lodeserto et al., Cureus. 2018 Nov 26;10(11):e3639; Maggiore et al., Intensive Care Med. 2023 Jun;49(6):673-676.



Non-invasive ventilation (NIV, NPPV)

e CPAP or BIPAP
* Facemask (oronasal or full-face) or Helmet

* Setting
* PEEP 5 — 8 (facemask) or 10 — 12(helmet) cmH,0
* PS: 7-10 (facemask) or 10 — 12 (helmet) cmH,0O

 Skin ulcer, air leaks (facemask); impossibility to
measure tidal volume, asynchrony, upper limbs
edema, dead space (helmet)

* Delayed intubation

Grieco DL, et al., Intensive Care Med. 2021 Aug;47(8):851-866.



NIPPV provided PEEP and a driving pressure
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HFNC vs NIV

HFNC
Interface Nasal prone
02 flow Warm and wet (31 -37°C)
FiO, Constant (30 — 60 L/mins)
PEEP
(improve atelectasis) 3 —4 cmH,0
Driving pressure No

(reduce muscle fatigue)

Limitation Hypercapnla,\;:an not control
T

Adverse events Nasal bleeding

Prediction model ROX index

NIV
Facemask or Helmet
Depends on machine
Depends on machine

5-12 cmH,0
7 —12 cmH, O

Dealy intubation, can not control V;

Skin ulcer, air leaks, asynchrony, upper
limbs edema, dead space

Grieco DL, et al., Intensive Care Med. 2021 Aug;47(8):851-866.
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Indications of non-invasive respiratory support

NIPPV HFNC

e Cardiogenic pulmonary edema

* Hypercapnic respiratory failure

* COPD exacerbation

* Acute hypoxic respiratory failure
* Immunocompromised patients

e Obesity hypoventilation
* Post-operative
e Asthma?

* Weaning from mechanical ventilation

* Acute hypoxic respiratory failure
* Weaning from mechanical ventilation
* Acute hypercapnic respiratory failure?

Munshi et al., N Engl J Med. 2022 Nov 3;387(18):1688-1698; Maggiore et al., Intensive Care Med. 2023 Jun;49(6):673-676.



Why NIV or HENC?



Respiratory failure

« Oxygenation failure
 Ventilation failure

Supply Demand



Oxygenation failure (hypoxemia)
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PEEP: keep the lung open

Normal lung
GEJ Saline filled Air filled < UIP
= ® .
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PEEP: keep the lung open

Ventilation and Perfusion

Apex

Alveolus - Zone | CO
/ ; v

Zone Nl
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Pulmonary
artery

Alveolus — Bl becmcm e e e CS
| ggneg:/ PA Pa02
FRC
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( e Untreated Optimum
- ARDS PEEF

Increasing levels of PEEP

 Increasing functional residual capacity (FRC)
* Improving oxygenation

EGAN’S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION



Ventilation Lung volume
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Airways

Chest wall

Definition Name Symbol

Pro — Pas Transrespiratory pressure difference AP —200.00 \\ /

Py — P Transairway pressure difference APraw N/

Pro — Py Transpulmonary pressure difference APp —250.00

Pa—Fi Transalveolar pressure difference AP 5.010 6.000 7.000 8.000 9.000 10.000
Py — Pgs Transthoracic pressure difference AP

P — Pes Trans—chest wall pressure difference AProw

Global muscle pressure difference AProus EGAN’'S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION



Opposing force during inspiration

4 - . .
Lung compliance Airway resistance
5 —
G
at 2
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E 3 = 2k
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0 [ ] [ ] [ ] [ ] I I
10 20 30 40 0 RV Lung Volume TLC
B Transpulmonary pressure (cm H,0) Location Total Resistance (%)
Nose, mouth, upper airway 50
Trachea and bronchi 30
Small airways (<2 mm) 20
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Work of breath

\Work = Force xDistance

200 =
Force

X (Area x Distance)
Area Emphysema

= Force xDistance

Pressure x Volume =

\702 of

= \Work respiratory
muscles 190 7
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Ve (Lmin)
A AP B AP & AP
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A driving pressure helps to open the lung, and
PEEP to keep the lung open

‘ ‘ * Reducing end-expiratory atelectasis
~/ 4 AN B (lung recruitment)

- — W e . .

~ 7. TN ) * Unloading respiratory muscle

B ° SN T 4 * Increasing functional residual
A B capacity (FRC), improving

oxygenation
> * Decreasing inspiratory force, lung

strain, and work of breath

R P * Increasing overdistension

......
"
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Hypercapnic respiratory failure and
COPD



Pressure gradient during expiration
How to help patients with COPD with a PEEP

Transmural pressure

Equal pressure point (EPP)
+20 =120 A L

Dynamic compression of airway

* Prevent airway closing \/T/\/\T\
-PEEP

* H e I p the patient to Conq uer a Uto EGAN’S FUNDAMENTALS OF RESPIRATORY CARE, TWELFTH EDITION




HENC after NIV interruption in patients recovering from
hypercapnic respiratory failure

» Patients: COPD with acute hypercapnic respiratory failure, using NIV more than
24 hrs (N=20)

* Interventions: 5 sessions (30 mins each seesion)

HFENC or Standard oxygen HFENC or Standard oxygen

e Aim: evaluate the impact of HFNC on gas exchange, diaphragm function,
respiratory rate, patient comforts

70
60

58.1
. B

m NIV 40

29.5
T HENG 30 - 20 20 24
m Standard oxyngen 20 - e
- °
10 4
[ ——
0 ——
Diaphragm thickening fraction Respiratory rate Comfort scale

Longhini et al., Crit Care Med. 2019 Jun;47(6):e506-e511.



HFENC vs NIV in patients with COPD exacerbation

* Patients: COPD exacerbation with PaCO, 255 mmHg, pH 7.25 to 7.35
* Intervention: HFNC (n=40) vs BiPAP (n=39) for 2 to 6 hrs

A PaCO, (mmHg)

Group 80- Group
$ HFN J—
E NIV 754 —
. 1. HFNC was non-inferior
L | E with NIV in CO2 reduction
B B == s ts g in first 2 hrs
N ® — - % S o o . « e
‘ L ‘ * 601 2. 32% of patients receiving
‘ - HFNC required NIV by 6 hrs
50
Tan - To Ten - To Ten - Tan 1:0 len Tleh
* p-value < 0.05, value # 0 Time (hours)

Cortegiani et al., Crit Care. 2020 Dec 14;24(1):692.



HFNC in patients with hypercapnic respiratory failure:

a systemic review and meta-analysis

HFNC vs NIV vs Conventional O, (COT)

Acute hypercapnic respiratory failure
(AHRF, 9 studies)

Chronic hypercapnic respiratory failure
(CHREF, 7 studies)

Primary outcomes: PaCO,

]

Identification

(

Identification of studies via databases and registers

Records identified through
database searching:
PubMed (n = 1126)
Web of Science (n = 644)
Embase (n = 628)
Cochrane Central Register
(n=233)
Total (n = %631)

Records removed before
screening:
Records removed for
duplicate and other reasons
(n =2493)

Screening

Records screened
(n=138)

Records excluded
(n=113)

1. Case report

2. Review

3. Not written in English

Reports assessed for eligibility
(n=25)

\4

Reports excluded:
1.Not designed as expected
(n=8)
2.Recruited patients did not
meet the study design (n = 3)

Included I [

Studies included in review
(n=16)

Guan L et al., Eur J Intern Med. 2025 Apr;134:119-129.




HFNC vs

b

NIV

HFNC NIV

Mean Difference

Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.5.1 pH < 7.35

Cong 2019 6317 1582 84  63.06 1687 84 28.8% 011 [4.71,4.93] .
Cortegian 2020 64 149 40 581 124 39 183% 590[-0.14,11.94] | D
Lee 2018 47 16 14 496 137 44 17.3% -260[-B.82 3.62] -
Rezaei 2021 6.4  9.97 15 6083 113 18 11.5% -4.53[12.16,3.10] RESSNE R B
Subtotal (95% CI) 183 182 75.9%  0.19[-2.78, 3.16] -
Heterageneity: Chi*= 5.68, df= 3 (P = 0.13); F= 47%

Test for overall effect Z= 013 (P=0.80) PaCO S- -I

1.52pH>7.35 2 I m I a r

Papachatzakis 2020 516 96 20 868 87 20 187% -5.20[-11.18 0.7¢ ]

Sklar 2018 51.459 1554 16 61185 1554 14 5.4% 0.27 [-10.85,11.40] SO EReee
Subtotal (95% CI) 35 35 241% -3.97[-9.24,1.30] ~eifiin-
Heterageneity: Chi#= 0.72, df=1 (P = 0.40); F= 0%

Testfor averall effect Z2=1.48 (P=0.14)

Total (95% CI) 218 217 100.0% -0.81[-3.40, 1.77] *

Heterogeneity: Chi*= 8.22, df= 5 (P = 0.14); F= 38%
Testfor averall effect Z=0.62 (P = 0.54)
Testfor subaroun differences: Chi®=1.82. df=1 (P=0.18). 7= 45.0%

Mean Difference

Study or Subgroup Mean Difference SE_Weight IV, Fixed, 95% CI

-20

-10 10
Favours [HFNC] Favours [NIV]

Mean Difference
IV, Fixed, 95% CI

11.4.1pH <7.35

Cong 2013 -0.82 11838 10.0% -0.82[-3.14,1.50]
Cortegian 2020 13611 12295 83% 1.36[1.053.77]
Rezaei 2021 2 07303 264% 2.00[057,3.43]
Subtotal (95% Cl) 45.7% 1.25[0.16, 2.34]

Heterogeneity: Chi*=4.12, df=2 (F=0.13); F= 51%
Testfor overall effect: 2= 2.25 (P = 0.02)

11.42pH>7.35

JR—

SpO, Similar

—

b

Papachatzakis 2020 04 09708 149% 0.40[1.50,2.30] T
Skiar 2018 1 05973 39.4% 1.00[-017,2.17] i
Subtotal (95% CI) 54,3% 0.84[-0.16, 1.83] >
Heterogeneity: Chif= 0.28, df= 1 (P = 0.60); F= 0%

Test for overall effect 2= 1.64 (P=0.10)

Total (95% CI) 100.0%  1.03[0.29, 1.76] <>
Heterageneity: Chi*= 4.70, df= 4 (P = 0.32); F=15% 5

Testfor overall effect: Z=2.73 (P = 0.008)
Testfor subaroun differences: Chi*= 0.30. df=1 (P=0.58. F=0%

Favours [MIV] Favours [HFNC]

Mean Difference
IV, Fixed, 95% C|

20

HFNC NIV Mean Difference
Study or Subarouy Mean Difference SE Total Total Weight IV, Fixed, 95% Cl
351pH <7.35
Cong 2019 -0.02 00118 a4 84 246% -0.02[0.04, 0.00]
Cortegian 2020 -0.02 00135 40 39 18.8% -0.02[0.05 0.01]
Lee 2018 0 0016 44 44 134% 0.00[}0.03, 0.03]
Rezaei 2021 0 0.0093 15 15 39.7% 0.00[0.02 002

Subtotal (95% CI) 183 182 96.6% -0.01[-0.02,0.00]
Heterogeneity: Chi*= 2.79, df= 3 (P = 0.43); F= 0% H
352pH>7.35

Testfor overall effect Z=1.51 (P=0.13)

Fapachatzakis 2020 0 00316 20 20 3.4%
Subtotal (95% CI) 20 20 34%
Heterogeneity: Mot applicable

Testfor overall effect 2= 0.00 (P =1.00)

0.00 [-0.06, 0.06]
0.00 [-0.06, 0.06]

Total (95% CI) 203
Heterogeneity: Chi*= 2.86, df= 4 (P = 0.58); F= 0%
Testfor overall effect Z=1.48(FP=014)

Test for subaroun differences: Chi®= 0.08. df=1 (P=0.78). F=0%

202 100.0% -0.01[-0.02,0.00]

NIV better

——
.

e
»

S

bl

04 -005 0 005 01
Favours [NIV] Favours [HFNC]

AHRF

HFENC vs COT

Mean Difference
IV, Fixed, 95% CI

PaCQOz HENC better

-2.80 [-4.98,-0.62]
-1.58 [-8.06, 4.90]
-1.42 3.4, 0.61]

-2.03[-3.48, -0.59]

Mean Difference

IV, Fixed, 95% Cl

IV, Fixed, 95% CI
_._.

—r
<&

40 5 0 5 10

Favours [HFNC] Favours [COT]

REHENC better

IV, Fixed, 95% CI

a

HFNC cort
Study or Subgro Mean SD_Total ean SD_Total Weight
Li2020 541 98 160 56.9 101 160 44.0%
Longhini 2019 547747 123769 30 56.3547 13.2331 30 50%
Xia 2022 511864 92026 158 526023 95695 172 51.0%
Total (95% CI) 348 362 100.0%
Heterogeneity: Chi*= 0.85, df= 2 (P = 0.65), F= 0%
Test for overall effect Z= 2.75 (P = 0.006)
b

HFNC cot
Study or Subgrou Mean SD_Total Me SD_Total Weight
Li 2020 74 004 160 7.39 005 160 49.8%
Longhini 2019 7.4107 0.0545 30 7.4 00623 30 56%
Xia 2022 7.4 00449 158 7.3895 00523 172 446%
Total (95% CI) 348 362 100.0%

Heterogeneity: Chi*= 0.01, df= 2 (P = 1.00), F=0%
Test for overall effect. Z= 2.87 (P = 0.004)

HFNC cort

0.01 [0.00, 0.02]
0.01 [0.02, 0.04]
0.01 [0.00, 0.02]

0.01[0.00, 0.02]

o

-

<

Study or Subgroup Mean _SD _Total Mean SD Total Weight IV, Random, 95% CI

160 50.4% 1
30 496%

Li2020 77 11 160 61 16
Longhini 2019 9 043 30 688 073

Total (95% CI) 190 190 100.0%
Heterogeneity. Tau*= 0.11; Chi*= 5.48, df=1 (P= 0.02); F=82%
Test for overall effect Z=7.15 (P < 0.00001)

omfort scal

Mean Difference

-0.05-0025 0 0025 0.05
Favours [COT] Favours [HFNC]

e HFNC better

IV, Random, 95% CI

.60[1.30,1.90]
212[1.81,243)

1.86 [1.35, 2.37]

24 )
Favours [COT] Favours [HFNC]

-
-
S
2 0 2

PR

d Treatment failure HFNC better

HFNC cor

Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl

Li2020 16 160 31 160 50.0%
Longhini2019 4 15 7 15 11.3%
Xia 2022 25 158 25 172 38.6%
Total (95% ClI) 333 347 100.0%
Total events 45 63

Heterogeneity. Chi*= 4.03, df=2(P=0.13), F=50%
Test for overall effect: Z=1.66 (P=0.10)

Risk Ratio
M-H, Fixed. 95% CI

0.521[0.29,091]
0.57 [0.21,1.59)
1.09 [0.65,1.81]

0.74[0.52, 1.05]

-

—ene

+

0.001

0.1 10 1000
Favours [HFNC] Favours [COT]

Guan L et al., Eur J Intern Med. 2025 Apr;134:119-129.



HFENC vs NIV

CHRF

a HFNC NIV Mean Difference Mean Difference
Study or Subgroup  Mean Difference SE Total Total Weight [V, Fixed, 95% ClI IV, Fixed, 95% CI
1.7.1 short-term
MecKinstry 2019 2.8 1.2458 24 24 31.8% 2.80([0.36,5.24] —
Pisani 2017 05 42592 14 14  27% 050[-7.85 8.85]

Subtotal (95% CI) 38 38 345% 2.62][0.28, 4.96] S
Heterogeneity: Chi*= 027, df=1 (P =0.60);, F=0%
Testfor overall effect Z= 218 (P =0.03)

PaCO, NIV better
1.7.2 long-term
Braunlich 2018 1.4 08674 44 80 65.5% 1.40[0.30, 310 L
Subtotal (95% CI) 44 50 65.5% 1.40[-0.30,3.10] »
Heterogeneity: Mot applicahle
Testfor overall effect Z=1.61 (FP=0.11)
Total (95% Cl) 82 88 100.0% 1.82[0.44, 3.20] @
Heterogeneity. Chi*= 0.95, df= 2 (P = 0.62); F= 0% f f

Testfor overall effect 2= 253 (P =0.010)

10 5 0 5 10
Favours [HFMC] Favours [MIV]

Testfor subaroun differences: Chi*=0.68. df=1 (P=041. F=0%

b HENC NIV

Study or Subgrou Mean Difference
McKinstry 2019 251 04578 24
Pisani 2017 0.864 1.3924 14

Total (95% Cl) 38
Heterogeneity: Chi*=1.26, df=1 (P=0.26); F= 21%
Testfor overall effect: Z=5.40 (P = 0.00001}

Comfort scale HENC better

Mean Difference Mean Difference
SE Total Total Weight IV, Fixed. 95% Cl IV, Fixed, 95% CI
24 903% 251 [1.61,3.41)
14 9.7% 0.86[1.87, 359
38 100.0% 2.35[1.50,3.20] L
1

40 5 0 & 10
Favours [NIV] Favours [HFNC]

For patients with hypercapnic respiratory failure

» Clinical efficacy of HFNC vs NIV is inconclusive

* Low-quality evidence shows that HFNO vs COT can better
improve blood gases, comfort, health-related quality of life, and
exacerbation in patients with AHRF or CHRF.

d

HFNC vs COT

HFNC COT
SE_Total Total Weight

Study or Subgrou Mean Difference

1.9.1 long-term

MNagata 2017 -41 1.2245 29
MNagata 2022 -1 1.5497 37
Miliug 2017 -3.9 23719 20

Subtotal (95% CI)
Heterogeneity: Chi®= 261, df=2 (P=0.27); F= 23%
Test for overall effect: Z= 3.42 (P = 0.00086)

1.9.2 short-term

Nilius 2016 -0.4 2.0817 15
Subtotal (95% CI) 15
Heterogeneity: Mot applicable

Test for overall effect Z= 019 (P=0.85)

Total (95% Cl) 101
Heterogeneity: Chi*= 3.98, df= 3 (P = 0.26), F= 25%
Testfor overall effect: Z= 3.22 (P = 0.001)

PaCO, HFNC better

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

29 447% -410[6.50,-1.70]
38 279% -1.00[-4.04 204
20 11.9% -3.90[8.55 075

7 84.5% -3.05[-4.79,-1.30]

"Ii‘

15 155% -0.40[4.48, 3.68] =
15 155% -0.40[-4.48,3.68] <@
102 100.0% -2.64[-4.24,-1.03] +
20 10 0 10 20

Favours [HFNC] Favours [COT]

Test for subaroun differences: Chi*=1.37. df=1 (P =0.24). F= 26.9%

HFNC COT
SE_Total Total Weight

Mean Difference
0.02 0.0051 29
0.01 0.0069 37

Study or Subgrou
MNagata 2017
MNagata 2022

Total (95% CI) 66
Heterogeneity: Chi*=1.36, df=1 (P = 0.24); F= 26%
Test for overall effect: Z=4.02 (P < 0.0001)

Events Total Events Total Weight M-H, Fixed, 95% CI
Magata 2017 0 29 3 29 384% -010[0.23 002]

HENC better

IV, Fixed, 95% CI
L

Mean Difference p H

IV, Fixed, 95% ClI
29 B47% 002[0.01,003]
38 353% 0.01[0.00,002]

67 100.0% 0.02[0.01,0.02] *

01 008 0 005 01
Favours [COT] Favours [HFMNC]

Exacerbation HFNC better

Risk Difference Risk Difference
i M-H, Fixed, 95% CI

Nagata 2022 2147 29 46 B1.6% -0.18[-0.38,0.02]
Total (95% Cl) 76 75 100.0% -0.15[-0.28,-0.02] -

Total events i 32
Heterogeneity: Chi*=0.70, df=1 (P = 0.40); F= 0%
Test for overall effect 2= 2.27 (P=0.02)

Study or Subgroup _Mean Difference SE_Weight

-1 -05 0 0.5 1
Favours [HFNC] Favours [COT)

QoL HFNC better

Mean Difference Mean Difference

IV, Fixed, 95% CI

MNagata 2017 -7.8 20919 591%
Magata 2022 -7.38 32117 251%
Miliug 2017 -11.6 40319 159%

Total (95% CI) 100.0%
Heterogeneity: Chi®=0.81, df=2 (P = 0.67);, F= 0%
Test for overall effect: Z=5.16 (P < 0.00001)

IV, Fixed, 95% CI
-7.80 [-11.90,-3.70] i
-7.38 [13.67,-1.09] ——

-11.60 [19.50,-3.70] ——
-8.30[-11.45, -5.15] <
20 10 0 10 20

Favours [HFNC] Favours [COT]

Guan L et al., Eur J Intern Med. 2025 Apr;134:119-129.



Acute hypoxic respiratory failure



Acute hypoxic respiratory failure

» Acute cardiogenic pulmonary edema
* Acute respiratory distress syndrome
* Immunocompromised patients

* Preoxygenation



Cardiogenic pulmonary edema



Effects of intrathoracic pressure on cardiovascular system

A. Resting State
Relaxed Intercostal Muscles and Diaphragm

B. Spontaneous Inspiration
Intercostal Muscles and Diaphragm Contract

With more negative P LV pressure
decreases and becomes low relative to the
systemic systolic BP (creating a relatively
higher afterload/SVR)

Slight_ly
negative P, Intercostal
muscles
contract

Intercostal
muscles
contract

o
e o

* Venous return {

* RV afterload |

* LV afterload 1

Alviar et al., J Am Coll Cardiol. 2018 Sep 25;72(13):1532-1553.



Effects of intrathoracic pressure on cardiovascular system

A. Postive Pressure Ventilation
P, P, andP . Become Positive

aw ' © alv

Positive Airway
Pressure

+LV afterload due to

baroreceptor response ¢ Ve n O u S ret u r n l

from initial tin aortic
pressure o * RV afterload 1§

RN Mechanical Ventilator
4 RV afterload due 3 i LV afte r I Oa d l
to compression of (8

the pulmonary

capillaries and *PVR . N\ P, el DECOMES

PosmveP SN POSft!VG from
Compressmg RV vk positive P, and

|
';, Q‘and LV cavities ). w 3 P,

Summary of Effects: +P, — +P, — P _—=Compression of RV and pulmonary vessels — yVenous return,

4RV afterload and LV afterload by baroreceptor reflex

Alviar et al., J Am Coll Cardiol. 2018 Sep 25;72(13):1532-1553.



Updated definition of ARDS

Criteria That Apply to All ARDS Categories

Risk factors and origin of edema Precipitated by an acute predisposing risk factor, such as pneumonia, nonpulmonary infection,
trauma, transfusion, aspiration, or shock. Pulmonary edema is not exclusively or primarily
attributable to cardiogenic pulmonary edema/fluid overload, and hypoxemia/gas exchange
abnormalities are not primarily attributable to atelectasis. However, ARDS can be diagnosed
in the presence of these conditions if a predisposing risk factor for ARDS is also present.

Timing Acute onset or worsening of hypoxemic respiratory failure within 1 week of the estimated onset
of the predisposing risk factor or new or worsening respiratory symptoms.
Chest imaging Bilateral opacities on chest radiography and computed tomography or bilateral B lines and/or

consolidations on ultrasound* not fully explained by effusions, atelectasis, or nodules/masses.

Criteria That Apply to Specific ARDS Categories

Modified Definition for

Nonintubated ARDS' Intubated ARDS Resource-Limited Settings*
Oxygenation®! Pag,:Fig, < 300 mmHg or Mild": 200 < Pag,:Fip, < 300 mm Hg Spo,:Fio, <315
Spo,:Fio, < 315 (if Spo, < 97%) or 235 < Spo._:Fig, < 315 (if Spo, < 97%)".
on HFN6 with flow of (if Spo, =< 97%) Neither positive
=30 L/min or NIV/CPAP Moderate: 100 < Pag :Fip, <200 mm Hg end-expiratory pressure
with at least 5cm H,O or 148 < Spo,:Fip, < 235 nor a minimum flow rate
end-expiratory pressure (if Spo, < 97%) of oxygen is required for
Severe: Pag :Fig, <100 mm Hg diagnosis in resource-limited
or Spo,:Fio, < 148 settings.

(if Spo, =<97%)

Matthay et al., Am J Respir Crit Care Med. 2024 Jan 1;209(1):37-47.



Pathophysiology during hypoxic respiratory failure (ARDS)

Epithelial injury

and adhesion molecules
« RBCs in airspace

Endothelial injury

microthrombi

Microvascular thrombosis

Increased dead space and

B Mild injury
Epithelial injury Cytokines and Endothelial injury
« Mild cedema formation adhesion molecules « Disrupted tight
» Disrupted tight junctions / junctions
» Decreased surfactant v« Paracellular fluid
production e leakage from plasma . . . .
« Impaired sodium and « Injured endothelial Physmloglcal Clinical
chlorine transport ghycocalyx
« Mild glycocalyx shedding - Upregulated Interstitial edema Decreased lung Increased work of breath
» Activated epithelial cells adhesion molecules ;
secrete chemokines and + RBCs might be com plla nce (WOB)
express adhesion injured transiting . - . . . .
olecules the capillary Diffuse alveolar filling VQ mismatch and Hypoxemia, radiographic
- Adherent PMNs shunting opacities
C Severein Decreased surfactant Alveolar collapse atelectasis
ere injury

High minute ventilation,

 Severe oedema formation : + More severe pulmonary hypertension RV failure
« Severe disruption of tight Hyaline membrane endothelial
Junctions disruption with Leak of inflammatory Systemic inflammation Multi-organ failure
» Epithelial necrosis transit of fluid out of .
» Hyaline membrane the capillary mediators
formation « Loss of endothelial
« Absent sodium and ghycocalyx
chlorine transport « RBCinjury
» Glycocalyx shedding « PMN transmigration
» Increased chemokines + Platelet

Bos LDJ, Ware LB.. Lancet. 2022 Oct 1;400(10358):1145-1156.
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Patient self-inflicted lung injury (PSILI)

Spontaneously breathing acute hypoxemic respiratory failure patient

|

4 respiratory drive

(hypoxia, lung edema, reduced compliance
inflammation, agitation)

|

'

4 inspiratory effort

'

4 transpulmonary
pressure swings

4 tidal volume

lung inhomogeneity
(gravitational forces, regional inflammation)

.

occult pendelluft

(Ventral to dorsal shift of gas at the
beginning of inspiration)

v

44 dorsal tidal volume

Volutrauma

4 respiratory rate

'

solid-like behaviour of
dorsal collapse

'

4 4 dorsal transpulmonary
pressure swings

Barotrauma

Atelectrauma

Patient Self-inflicted lung injury

Adequate O2 flow provide the
demand

A PEEP to recruit the lung
(reducing atelectasis)

A driving pressure to unloadinﬁ
Iresplratory muscle and open the
ung

* Decreasing inspiratory force, lung
strain, and work of breath

* Increasing overdistension

Reduce the drive

Thompson BT, et al., N Engl J Med. 2017 Aug 10;377(6):562-572; Grieco DL, et al., Intensive Care Med. 2021 Aug;47(8):851-866.



HFNC vs NIV vs COT in Acute Hypoxemic Respiratory Failure

» Prospective, RCT
« 23 ICUs in France and Belgium, N=310

« Adult patients with acute hypoxic respiratory failure
v RR >25, Pa0,:FiO, <300 mmHg
v Oxyngen therapy with O, flow =10L/min for 15 min
v PaCO, <45 mmHg

100% o
oo RATE OF WITHIN 28 DAYS _ os- High fow oxygen
) :E. 087 == Standard oxygen
80% P O 009 a 0.7 MNoninvasive ventilation
70% P=0.18 — > o6
o =
60% 53% >8% E 0.5+
a7% °90% £ o
50% - - g
0, = _
40% 38% 35% = 03
E 024
30% O
. 0-17 P=0.02 by log-rank test
20% °0 0 1|5 3|U 4|5 GIU 7|5 9|0
0
10% Days since Enrollment
0% i - .
No. at Risk
Overa Pa02/F02 5200 mmig S A S S
Noninvasive ventilation 110 93 86 80 79 78 77

HFENC B Standard = NIV Frat et al. N Engl ) Med. 2015 Jun 4:372(23):2185-96.
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Helmet vs Face Mask NIV in ARDS

* Prospective, RCT

« Single ICU in Chicago, N=83
» Adult patients diagnosed ARDS according to Berlin criteria

RATE OF INTUBATION

P<0.001

62%

18%

Y
(-

Overall

Cara macl m UWalrmaant

Figure 2. Probability of Survival From Randomization to Day 90

1.00+

Praobability of Survival

Mo. at risk
Face mask

Helmet

0.75

=

L

L=}
1

=]

P

[¥5]
1

Helmet NIV
Face mask NIV
Log-rank P=.02
0 15 30 45 (1] 75 S0
Time From Randomization, d
39 20 18 18 18 18 17
44 33 31 29 29 29 29

Patel et al. JAMA. 2016 Jun 14;315(22):2435-41



Association of Noninvasive Oxygenation Strategies With All-Cause
Mortality in Adults With Acute Hypoxemic Respiratory Failure

A Systematic review and meta- analysis

5246 Records identified through
database search

1 Additional record identified
through reference search

* Adult patients with acute hypoxic respiratory failure comparing
HFNC, face mask NIV, helmet NIV, and standard oxygen therapy

* Excluding: COPE with AE, heart failure, and post-extubation.

e 25 RCTs, 3,804 patients

[A] All-cause mortality

229 Patientsin 5 studies

Helmet noninvasive ventilation

Face mask
naninvasive
ventilation

Standard
oxygen

Intubation

229 Patients in 5 studies

Helmet noninvasive ventilation

Face mask
noninvasive
ventilation

Standard
oxygen

918 Patients in 15 studies ‘

| 1564 Patients in 20 studies |

—r~| 721 Duplicate records excluded

4526 Records screened

—"‘| 4481 Records excluded

45 Full-text articles assessed for eligibility

20 Articles excluded

10 Included >50% of patients with
chronic obstructive pulmonary

3 Crossover studies

2 Not randomized trials

2 Had inadequate controls
2 Had duplicate data

1 Did not measure any outcome
of interest

disease, heart failure, or thoracic surgery

25 Randomized clinical trials included (3804 participants)
13 Face mask vs standard oxygen (1521 participants)
4 High-flow vs standard oxygen (1279 participants)
4 Helmet vs standard oxygen (377 participants)
2 Face mask vs high-flow (234 participants)
1 High-flow vs face mask vs standard oxygen

‘ 1034 Patientsin 17 5tudies|

High-flow nasal oxygen

| 659 Patients in 3 studies |

| 1664 Patients in 22 studies

(310 participants)

High-flow nasal oxygen

| 877 Patients in 7 studies |

1 Helmet vs face mask (83 participants)

Ferreyro et al., JAMA. 2020 Jul 7;324(1):57-67.



Results

B | Intubation
No. of No. of Absolute risk Network risk Favors ; Favors
patients trials Quality difference (955 Crl) ratio (95% Crl) treatment comparator
Compared with standard oxygen
Face mask noninvasive ventilation 1725 14 Moderate -0.12(-0.25 to-0.05) 0.76 (0.62-0.90) ——
High-flow nasal oxygen 1479 Moderate -0.11(-0.27 to-0.01) 0.76 (0.55-0.99) —l—
Helmet noninvasive ventilation 330 Low -0.32 (-0.60 to -0.16) 0.26 (0.14-0.46 = :
Additional comparisons ;
Face mask noninvasive ventilation vs 450 3 Low 0.00 (-0.13 to 0.10) 1.01 (0.74-1.38) —l—
high-flow nasal oxygen :
Helmet noninvasive ventilation vs face a3 1 Low -0.20(-0.40 to -0.09) 0.35 (0.19-0.61) =
mask noninvasive ventilation
Helmet noninvasive ventilation vs 0 0 Low -0.20(-0.43 to -0.08) 0.35 (0.18-0.66) =
high-flow nasal oxygen :
| I I I I I LI | 1
0.1 1 )
Risk ratio (95% Crl)

Ferreyro et al., JAMA. 2020 Jul 7;324(1):57-67.



Results

E All-cause mortality

No. of No. of Absolute risk Network risk
patients trials Quality difference (95% Crl) ratio (95% Crl)
Compared with standard oxygen
[ Face mask noninvasive ventilation 1725 14 Moderate -0.06 (-0.15 to -0.01) 0.83 {D.EB—D.EE}]
High-flow nasal oxygen 1279 3 Moderate -0.04 (-0.15 to 0.04) 0.87 (0.62-1.15)
(__Helmet noninvasive ventilation 330 Low -0.19(-0.37 t0-0.09) __0.40 (0.24-0.63) |
Additional comparisons
Face mask noninvasive ventilation vs 216 1 Low -0.02 (-0.14 to 0.07) 0.95 (0.69-1.37)
high-flow nasal oxygen
Helmet noninvasive ventilation vs face a3 1 Low -0.13 (-0.27 to -0.05) 0.48 (0.29-0.76)
mask noninvasive ventilation
Helmet noninvasive ventilation vs 0 0 Low -0.15 (-0.34 to -0.05) 0.46 (0.26-0.80)

high-flow nasal oxygen

Favors : Favors
treatment : comparator

——

—
— = :

—=—

—_—

0.1

1 2
Risk ratio (95% Crl)

Ferreyro et al., JAMA. 2020 Jul 7;324(1):57-67.



Non-invasive supportin Patients With Respiratory Failure Due to COVID-19

HENIVOT
SOHO-COVID

L . . Figure 3. Cumulative Incidence of Intubation Over Time in the Helmet
Cumulative incidence of intubation (secondary outcome) ) . o e .
Noninvasive Ventilation and High-Flow Nasal Oxygen Groups to Day 28
0.6
E Standard oxygen 0.6-
= 0.57 High-flow nasal oxygen
E High-fl 27
a— - ]
= 0.4- igh-flow oxygen S
@ S = 0.44
2 g
o 0.3 =R Helmet noninvasive ventilation
= ¢S 0.3+
2 EE
® 0.2 25 021
",.E' =
= 0.1 01
3 P=.03 by log-rank test P =.02 by log-rank test
D o 0 [N T T T T T T 1
0 1 8 12 16 20 24 28 0 4 g8 12 16 20 24 28
Days since enrollment Days since enrollment
) No. at risk
No. _at risk High-flow nasal oxygen 55 34 30 28 28 27 27 27
High-flow oxygen 357 262 210 199 157 135 193 153 Helmet noninvasive 54 41 39 38 38 38 38 38
Standard oxygen 354 248 185 165 164 164 163 163 ventilation

Frat et., JAMA. 2022 Sep 27;328(12):1212-1222; Grieco et al., JAMA. 2021 May 4;325(17):1731-1743.



NIV reduced respiratory drive and dynamic lung strain more than HFNC in
patients with high demand

A Pgg[emH,0)

30+

25+

204

15

10+

Inspiratory Effort
P < 0.001

P=001

P07 P«DOOY

HFNO

Helmet CPAP Helmet NIV

Pgs pressure-time product
P =0.008

P= 056

P=034 P=0.002

800 -
700+
600+ N,
500+ . |
400-

300+

Pressure-time product

[cmH,0%sec'min’’)

200~

100 4

HFNO Helmet CPAP Helmet NIV

Menga et al., Am J Respir Crit Care Med. 2023 May 15;207(10):1310-1323.



HENIVOT

A S 100%
©
El
_E 80%
©
8 60%
c
[7}
z
E 40%
2
® 20%
=
£
3] 0%
MNo. At risk
High-flow oxygen
Helmet noninvasive
ventilation
B
S 100% -
©
5
_E 80%
©
8 60%
c
[7}
S
E 40%
[H
=
' 20%
=
£
7] 0%
MNo. At risk
High-flow oxygen

Helmet noninvasive
ventilation

i Baseline Paco, = 35mmHg
50 patients
Helmet noninvasive ventilation
High-fiow nasal oxygen
Log rank p = 0.91

T T T T T T 1

0 4 8 12 16 20 24 28
Days from randomization

24 16 15 15 15 15 15 15
26 16 16 15 15 15 15 15

Baseline Pacg,/[Fig, x VAS Dyspnea]=30
55 patients
] . High-flow nasal oxygen,
-I Helmet noninvasive ventilation
I Log rank p = 0.37
T T T T T T 1
0 4 8 12 16 20 24 28
Days from randomization
28 20 19 19 19 19 19 19
27 21 21 21 21 21 21 21

Incidence of intubation

100%

80%

60%

40%

20% -

Cumulative incidence of intubation

0% T

Baseline Pacg, < 35mmHg
59 patients

High-flow nasal oxygen
[} 1

Helmet noninvasive ventilation

Log rank p < 0.001

0
No. At risk

High-flow oxygen 31

Helmet noninvasive 28
ventilation

100%

80%

60% -

40% |

20%

4

17

24

T T
8 12 16 20 24 28

Days from randomization Helmet NIV may have a protective

14 13 13 12 12 12

» = = = = = effectfor patients at risk for PSILI

Baseline Pagq,/[Fig, x VAS Dyspneal<30

54 patients

High-flow nasal oxygen
] 1

Helmet noninvasive ventilation

Log rank p = 0.014

Cumulative incidence of intubation

0%
No. At risk

High-flow oxygen a7

Helmet noninvasive 27
ventilation

o

14
20

T T
8 12 16 20 24 28

Days from randomization
11 9 9 8 3 8

18 17 17 17 17 17

Grieco et al., Am J Respir Crit Care Med. 2022 Feb 1;205(3):360-364.



SOHO

HFENC vs COT in Acute hypoxemic respiratory failure

« Open-lable, multicenter, RCT, France
» Patients with P/F ratio <200, N=1,110

Main reason for acute respiratory failure — no. (%)
Viral pneumonia
Covid-19
Bacterial pneumonia
Fungal pneumonia
Other reason
Medication — no. (%)
Glucocorticoid

Vasopressor

300 (54.0) 292 (52.7)
258 (46.4) 259 (46.8)
172 (30.9) 180 (32.5)
17 3.1) 17 (3.1)
67 (12.1) 65 (11.7)
343 (62.3) 338 (62.0)
13 (2.3) 8 (1.4)

A Overall Survival
100
90
s
< 30 100-
2 70
5 95 t=—__ High-flow oxygen
2 B Standard oxygen 3
& 90+ tandard oxygen
s 50
Risk of Death
a3 85
?‘!’0 20 High-flow oxygen, 14.6%
e 304 80 Standard oxygen, 14.6%
g 20 Difference, -0.05 percentage points; P=0.98
nq_’ 0 I 1 I I I I 1
104 0 4 8 12 16 20 24 28
0 T T T | T T 1
0 4 8 12 16 20 24 28
Days since Randomization
No. at Risk
High-flow oxygen 556 543 532 520 511 497 485 475
Standard oxygen 554 540 526 514 503 496 481 473

B Cumulative Incidence of Intubation

Cumulative Incidence (%)

No. at Risk

100+
90
80+
70
60
50— Standard oxygen
0 High-flow oxygen
30+ Intubation Percentage
204 Standard oxygen, 48.4%
10 High-flow oxygen, 42.4%
T Difference, 5.9 percentage points
0 I I | I | 1 I 1
0 4 8 12 16 20 24 28

Days since Randomization

High-flow oxygen 556 350 327 316 313 311 309 308
Standard oxygen 554 314 286 280 276 274 272 272

28-day OS: 14.6% vs 14.6%

Intubation: 42.4% vs 48.4%

HFNC did not
significantly reduce
28-day mortality

Frat JP et al., N Engl J Med. 2026 Mar 17.



S S( ) ' RESPIRATORY SUPPORT
. . m D O O O Foradults with sepsis, we suggest measuring oxygenation by either pulse oximeter (SpO,) or arterial blood gas (Sa05) in conjunction with physical examination
l I I e I | l e and clinical acumen.
Remark: Arterial blood gas measurements are the gold standard for assessing oxygenation; include other important information such as pH, PaCO,, lactate, and bicarbonate; and are

preferable when available. SpO,/FiO, by pulse oximeter may substitute for PaO,/FiO, ratio, but is less accurate in patients in shock, with darker skin tones, and/or with oxygen saturations
<90% or >97%.

@D D O O Foradults with sepsis and acute hypoxemic respiratory failure, we suggest titrating FiO; to target either higher, more liberal oxygen levels or lower, conservative
oxygen levels depending on patient factors and resource limitations.

Remark: While there was variability across trials informing this recommendation, most used a lower target of approximately 90-93% SpO, and a higher target of SpO, = 96.
o N ew Remark: In our practice, panelists target SpO, between 90% (IQR 90-92%) to 96% (IQR 94-98%) for patients with sepsis and acute hypoxemic respiratory failure.

@ O O O For adults with sepsis and acute hypoxemic respiratory failure, we suggest using high flow nasal cannula (HFNC) therapy over conventional oxygen therapy.

]
re c o m m e n d at I o n Remark: This recommendation pertains to patients with a PaO,/FiO, ratio <200 or SpO,/FiO, ratio <235.
/ I I F N C Ove r C O T . @ @ O O For adults with sepsis and acute hypoxemic respiratory failure, we suggest using HFNC as the initial therapy over non-invasive positive pressure ventilation.

@ O O O For adults with sepsis and acute hypoxemic respiratory failure, we suggest using HFNC over high flow alternating with non-invasive positive pressure ventilation.

/ H F N C Ove r N I V \ @ O O O For adults with sepsis and acute hypoxemic respiratory failure who are not intubated, we suggest a trial of awake proning.

Remark: The duration and frequency of proning will depend on patient tolerance. Sedation should not be used for the purposes of promoting tolerance of proning in non-intubated patients.

// \Wa ke n I n g p ro n e 0 0 @ @ @ @ For adults with sepsis and ARDS, we recommend using a low tidal volume ventilation strategy (6 ml/kg) over a high tidal volume strategy (> 10 ml/kg).

@ @ O O For adults with sepsis acute hypoxemic respiratory failure without ARDS, we suggest using a tidal volume of 6 — 8 ml/kg IBW over a lower (4 to < 6 ml/kg IBW)

g m
Conditional
Remark: Patients should be screened regularly for development of ARDS, as ARDS diagnosis is often missed or delayed in clinical practice.
]
re C o m m e n d at I O n 0 0 @ @ @ @ For adults with sepsis and ARDS, we recommend using an upper limited goal for plateau pressure of 30 cm H,0) over higher plateau pressures.
J
D D P O Foradults with sepsis and moderate-severe ARDS, we suggest using higher PEEP over lower PEEP.

with very low or o ChE
I OW c e rt a i n ty of D D P O Foradults with sepsis and moderate-severe ARDS, we suggest using prone ventilation for greater than 12 hours daily.

For adults with sepsis and moderate-severe ARDS, we recommend against using an incremental PEEP titration strategy

D D P O Foradults with sepsis and moderate-severe ARDS, we suggest using intermittent NMBA boluses over continuous NMBA infusion.

evidence

D D O O Foradults with severe ARDS due to sepsis, we suggest using veno-venous ECMO when conventional mechanical ventilation fails in experienced centers with
infrastructure to support its use.

Strength of Recommendation Certainty of Evidence Type of Recommendation Change in Strength of

@& @ Strong Recommendation For DOOQO VeryLow Carry Over Recommendation or Change

Conditional Recommendation For O Low I @B Nev, Revised, or Revisited I'l; E:rgt;l(:l:é of Evidence

(5°1571@)
€) Conditional Recommendation Against gggg Moderate but Unchanged Statements %, Bowngiadad Prescott HC et a|.1 Crit Care Med. 2026 Mar 23.

QO Strong Recommendation Against High



Immunocompromised patients



Immunocompromised patients with acute respiratory distress

syndrome

Patients with ARHF
4,499

ARDS (day 1/ day 2)
2,813 (62.5%)

|

I

|

Immunocompetent Immunocompromised
2,229 (79.2%) 584 (20.8%)
IMV MV
1,874 (84.1%) 462 (79.1%)
- NIV L NIV
212 (9.5%) 63 (10.8%)
NIV failure NIV failure

1,433 (6.4%)

59 (10.1%)

Q@ <
L — Control
Immunocompromised
Hospital mortality
«© | .
= Immunocompromised 52.4% vs
. control 36.2%
13
e
Q
3
e ¥
3 o
o Log-Rank Test
o p-value<,0001
o
o I I [
0 40 60 80
Time to event (days)
# atrisk
Control 2111 1437 1420 1414
Immunocompromised 542 287 282 276

e Secondary analysis of the LUNG SAFE database
 More NIV as first-line treatment (20% vs 16%)
e Similar mortality of NIV-failure (62.7%) and IMV (52.8%)

Cortegiani et al., Crit Care. 2018 Jun 12;22(1):157.



Survival in Immunocompromised Patients Requiring Invasive
Mechanical Ventilation

80 -
"~  Mortality 53.2% overall
60 -
g 0 * Survival improved over time
< 50 1
5 * Early intubation was
2 associated with lower
27 mortality (OR, 0.83 [0.72 —
A 0.79])
10 -
-

Year of admission

Dumas et al., Am J Respir Crit Care Med. 2021 Jul 15;204(2):187-196.



NIV vs Oxygenation Among Immunocompromised Patients With
Acute Respiratory Failure

100+

80

60+

Survival, %

40-

20-

Oxygen alone

28-day Mortality 24.1% vs 27.3%

Log-rank P=.43

Mortality

Source

14 21 28
Time Since Randomization, d

No. of Deaths/Total No.

Underlying Conditions
Solid tumors or hematologic malignancies
Immunosuppressive treatment or organ transplant
Oxygen flow at randomization®
>9 L/min
<9 L/min

All patients

Favors ;| Favors

Oxygen  Noninvasive Odds Ratio Noninvasive i Oxygen P Value for
Alone Ventilation (95% ClI) Ventilation : Alone Interaction?
43/150 41/161 0.85(0.51-1.40) . 66

7/33 5/30 0.74 (0.2-2.63) ] '
26/77 24/84 0.78 (0.4-1.53) ——— 64
24/106  22/107 0.88 (0.46-1.70) —— '
50/183  46/191 0.84 (0.53-1.34) B

0.2 1.0 5.0

Odds Ratio (95% Cl)

Cumulative Incidence of Intubation, %

100+

80+

28-day Intubation 38.2% vs 44.8%

60

Oxygen alone

40
Noninvasive ventilation

20+

Gray P=.25
0 T T T 1
0 7 14 21 28

Time Since Randomization, d

 HFNC was allowed in both groups
(40% in control group)

 Limited study power (lower mortality
than expected)

Lemiale et al., JAMA. 2015 Oct 27;314(16):1711-9.



Use of NIV in immunocompromised patients with acute

respiratory failure

A Short-term mortality

NIV oT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% ClI M-H. Random, 95% CI
Antonelli 2000 7 20 1" 20 20.4% 0.64(0.31,1.30] — 0
Hilbert 2001 13 26 21 26 30.9% 0.62[0.40, 0.95) =&
Lemiale 2015 59 191 63 183 36.5% 0.80(0.67,1.20) -
Squadrone 2010 3 20 15 20 12.3% 0.20[0.07,0.59) — =R
Total (95% Cl) 257 249 100.0% 0.62[0.40,0.97] -
Total events 82 110 . ‘ . .

Heterogeneity: Tau? = 0.12; Chi*= 8.23, df= 3 (P = 0.04); F= 64% -

iy i 0.01 0.1 1 10 100
Test for overall effect: Z= 210 (P = 0.04) Favours [NIV] Favours [OT]
B Incidence of intubation rate

NIV oT Risk Ratio Risk Ratio

Study or Subgroup _ Events Total Events Total Weight M-H. Random, 95% CI_Year M-H, Random, 95% ClI
Antonelli 2000 4 20 14 20 155% 0.29(0.11,0.72) 2000
Hilbert 2001 12 26 20 26 26.6% 0.60[0.38,0.96] 2001 —
Squadrone 2010 2 20 13 20 9.4% 0.15(0.04,0.60] 2010
Wermke 2012 6 42 11 44 159% 0.57[0.23,1.41] 2012 ==
Lemiale 2015 73 19 82 183 325% 0.85(0.67,1.09) 2015 -
Total (95% Cl) 299 293 100.0% 0.52 [0.32, 0.85] -
Total events 97 140
Heterogeneity: Tau*=0.17; Chi*=11.90, df=4 (P=0.02); = 66% 6.005 Uf1 ] 1-0 20[]

Test for overall effect: Z= 2.62 (P = 0.009) Favours [NIV] Favours [OT]

NIV better than O2 therapy alone

Huang et al., Crit Care. 2017 Jan 7;21(1):4.



HENC versus NIV in immunocompromised patients with acute
respiratory failure

NIV (n=55) HFNC (n=60) P value

Intubation 55% 35% 0.04
Mortality 40% 20% 0.02

100 -
_Lq__ HFNC group
— 80 - L
X
[
+= 60 -
© NIV group
S
S 40
o
7
20 -
P value = 0,0221 by log-rank test
0 1 1 1 1
0 7 14 21 28

Time from respiratory failure onset (days)

Multivariate analysis of factors associated with 28-day survival

Adjusted odds p value
ratio (95 % Cl)
Variables independently associated with intubation®
Simplified Acute Physiology Score I, per point 1.04 (1.00-1.08) 0.04
Noninvasive ventilation as a first-line therapy 3.25(1.39-7.60) 0.007
Use of vasopressors within 24 h after ICU admission 412 (1.32-12.84) 0.02
Variables independently associated with mortality at day 28°
Age (per year) 1.03 (1.00-1.07) 0.04
Use of vasopressors within 24 h after ICU admission 2.83(1.02-7.91) 0.047
Noninvasive ventilation as a first-line therapy 3.70 (1.49-9.19) 0.005

# Non-collinear variables included in the logistical regression model were Simplified Acute Physiology Score II, Noninvasive ventilation as a first-line therapy, use of
vasopressors within 24 h after ICU admission, SpO, at ICU admission, cause of respiratory failure and PaCO, as a continuous variable. The year of ICU admission was
forced in the model

b Non-collinear variables included in the logistical regression model were age, PaO,-to-FiO, ratio at ICU admission, use of noninvasive ventilation as a first-line
therapy, type of immunosuppression, use of vasopressors in the 24 h after ICU admission, cause of respiratory failure and PaCO, > 45 mmHg. The year of ICU
admission was forced in the model

* Retrospective observational cohort

* More hypercapnia and respiratory
acidosis in NIV group

Coudroy et al., Ann Intensive Care. 2016 Dec;6(1):45



Non-invasive oxygenation in immunocompromised patients
with severe acute respiratory failure

Intubation

Probability of intubation over 28 days

Number at risk
High-flow nasal cannula group 26
Standard oxygen group 30
Non-invasive ventilation group 26

Survival

Probability of survival over 90 days

Number at risk
High-flow nasal cannula group 26
Standard oxygen group 30
Non-invasive ventilation group 26

1.0 = High-flow nasal cannula
—— Standard oxygen
— Non-invasive ventilation
0-84
0-6
04—
0-2
Log-rank p=0-04
0 I 1 1 1 1 I 1
0 4 8 12 16 20 24 28
Days since enrolment
21 20 20 18 18 18 18
20 18 17 17/ 17 16 16
12 10 8 8 8 8 8
10
084 _i
0-6 1
—
0-4+
Gonl == High-flow nasal cannula
—— Standard oxygen
— Non-invasive ventilation Log-rank p=0-03
0 T T T T T 1
0 15 30 45 60 75 90
Days since enrolment
25 25 22 22 22 22
28 26 23 22 22 22
20 16 15 14 14 13

Adjusted OR for Adjusted OR for Adjusted HR for
intubation intensive care unit 90-day mortality
mortality

Age, peryear 11 (1-0-1-1); p=0-008

4-4(1-4-14); p=0-013

1-1 (1-:0-1-1); p=0-002
4-2 (1-3-13'5); p=0-016

1.0 (1.0-1-1); p=0-003
Randomisation to 3:3(1-2-5-0); p=0-01

non-invasive ventilation
Data are OR (95% Cl); p value or HR (95% Cl); p value. For intubation, variables introduced in the maximal model were
age, randomisation to non-invasive ventilation, SAPS Il, and mean arterial pressure. For intensive care unit and 90-day
mortality, variables introduced in the maximal model were age, randomisation to non-invasive ventilation, SAPS I, and

Pa0,:FI0, ratio. OR=0dds ratio. HR=hazard ratio. SAPS ll=simplified acute physiology score. Pa0,: Fi0, =partial
pressure of arterial oxygen to fraction of inspired oxygen ratio.

* Post-hoc analysis of a randomised trial
e Small patients number (n=82)

Frat etal., Lancet Respir Med. 2016 Aug;4(8):646-652.



Acute hypoxemic respiratory failure in immunocompromised patients
EFRAIM

N=1.611 immunocompromised patients
admitted to 62 ICUs in 16 countries
for acute respiratory failure

100 with missing data on initial

oxygenation strategy

<

!

|

596 (37.0%) received first line
intubation and mechanical
ventilation (IMV)

915 (56.8%) were not intubated at ICU admission and
received standard 02, noninvasive ventilation (NIV) or
high flow oxygen through nasal cannula (HFNC)

IMV: 54 (54%)

Hospital Mortality:
33% (33 deaths)
Unknown: 6

IMV: 596 (100%)

Hospital Mortality:
52.5% (313 deaths)
Unknown: 22

! !
HFNC HFNC + NIV NIV
N=187 N=79 N=153

Multivariate analysis for factors associated with intubation

Hazard Ratios
(95% Confidence Intervals)

N=859 without Do-Not-Intubate order

IMV: 190 (40.8%)

Hospital Mortality:
34.8% (162 deaths)

Unknown: 15

J !

HFNC HFNC + NIV NIV
N=182 N=75 N=136
[HENC£NIV=257] | [NIV £ HENC=211]

IMV: 77 (42.3%)  IMV: 32 (42.7%)

Hospital Mortality:
37.9% (69 deaths)
Unknown: 14

Hospital Mortality:
33.3% (25 deaths)

Unknown: 2 Unknown: 7

N=56 with Do Not
Intubate order

IMV: 54 (39.7%)

Hospital Mortality:
38.2% (52 deaths)

l

IMV: 1 (1.8%)

Hospital Mortality:

50% (28 deaths)
Unknown: 0

Age (per year) 0.92 (0.86-0.99) i
Initial ventilation strategy (with standard Oxygen as reference)
| High Flow Oxygen (HFNC) 0.77 (0.59-1.01)  —— |
Noninvasive ventilation (NIV) 0.94 (0.69-1.28) —a—
| NIV + HENC 0.74 (0.51-1.09) —@— |
Chronic Respiratory Insufficiency 0.76 (0.54-1.08) —@—
SOFA score at ICU admission 1.09 (1.06-1.13) O
Pa02/FiO2 < 300 1.47 (1.05-2.07) [ S—
Etiology of the Acute Respiratory Failure (ARF)
Pneumocystis jirovecii Pneumonia 2.11 (1.42-3.14) f L i
Invasive Pulmonary Aspergillosis 1.85 (1.21-2.85) [ ] |
Undetermined ARF etiology 1.46 (1.09-1.98) |
DTS 1 1|5 ; 2?5 (Ii

Increased risk of intubation and mechanical ventilation

Azoulay et al., Intensive Care Med. 2017 Dec;43(12):1808-1819.



EFRAIM

Multivariate analysis for factors associated with mortality

Odd Ratios
(95% Confidence Intervals)

Intercept 0.06 (0.03-0.11)

o — . —| * HFNC was associated with

Direct admission to the ICU 0.69(0.54-087) 1 lower rate of intubation (HR,

L - 0.77[0.59 — 1.00])

Pa02/FiO2 > 300 (as the reference) »

o = * IMV was associated with
100-199 1.46 (0.98-2.18) m morta | Ity
200-299 1.30 (0.83-2.05) |m - ] ]

Need for intubation and mechanical ventilation (IMV, with no e reference) * Undetermined etiol Ogy Was
IMV after standard oxygen failure 4.16 (2.91-5.93) T associated with intubation
IMV after high flow oxygen (HFNC) failure 5.54 (3.27-9.38) S : an d morta I |ty
IMV after noninvasive ventilation (NIV) failure ~ 3.65 (2.05-6.53) e
IMV after failure of NIV+HFNC 2.31(1.09-491) | w
First line IMV 2.55(1.94-3.29) | | m.

Undetermined ARF etiology 143 (1.04-1.97) 1m

Increased risk of hospital mortality

Azoulay et al., Intensive Care Med. 2017 Dec;43(12):1808-1819.



HENC alone or alternating with NIV in critically ill immunocompromised
patients

& HFNO alone NIV group Hazard ratio Pinteraction
100 group (n=154)  (n=145) (95% CI)
All patients 56/154 51/145 —L— 1.03 (0-73-1-56)
g . Type of immunosuppression
% - Haematological malignancy or ~ 31/81 22/75 —_— 1-37 (0-80-2-37) 6.8
2 leucopenia or neutropenia
o
£ 40 Others 25/73 29/70 —-— 0-82 (0-48-1-41)
JE Pa0,/FiO, at inclusion
= 20 ——
——HFNO alone group >200 mm Hg 6/25 7121 0-81(0-26-2'51) GED
——NIV group HR 1.03 (95% Cl 0.73-1.56); log-rank p=0-75 <200 mm Hg 50/129 44/124 —— 1.11 (0-74-1-66)
0
0 } 1'4 2'1 2|8 Cause of respiratory failure
Number at risk Confirmed diagnosis 48/132 40/118 1.09 (0-71-1-65)
(number censored) . . 0-87
NIV group 145 (0) 123 (0) 108 (0) 103 (0) 98 (0) No diagnosis 8/22 11/27 1.01 (0-40-2-56)
HFNO alone group 154 (0) 132 (0) 111 (0) 101 (0) 94 (0) ——
0005 1 152.0253.0
B +— —»
1004 Favours HFNO  Favours
alone NIV
80
60

 RCT (2017 to 2019)
* 99% NIV delivered via face mask

HR 1:16 (95% Cl 0-84-1-61); log-rank p=0-33

Probability of intubation (%)

o 7 i A o * Limited study power

. Time since randomisation (days)
Number at risk

(number censored)
NIV group 145 (0) 83(0) 78(0) 78(0) 78(0)
HFNO alone group 154 (0) 81(0) 77 (0) 76 (0) 76(0)

Coudroy et al., Lancet Respir Med. 2022 Jul;10(7):641-649.



RENOVATE
HFNC vs NIV in patients with acute respiratory failure

« RCT, Brazil, 2019 to 2023
* Non-inferiority of HFNC vs NIV, N=1,766
* Primary outcomes: intubation or death

High-flow nasal i Noninvasive

Intubation or death No./total (%) Model-fitted median oxygen better | ventilation better ) g
Patients with acute High-flow nasal  Noninvasive odds ratio (95% credible Noninferiority fasterior probability
respiratory failure oxygen ventilation interval)b margin Noninferiorityd Superiority®
Nonimmunocompromised 81/249 (32.5) 78/236 (33.1) 0.98(0.73-1.33) —I— ! 0.996 0.542
with hypoxemia o
1
Immunocompromised 16/28 (57.1) 8/22 (36.4) 2.56(1.14-5.68) E —u 0.144 0.023
with hypoxemia Immunocompramised favor NIV
Chronic obstructive pulmonary 10/35 (28.6) 11/42 (26.2) 1.48 (0.67-3.09) 5 q' 0.549 0.192
disease exacerbation with i
respiratory acidosis 5 i
Acute cardiogenic pulmonary edema 14/136 (10.3) 29/136 (21.3) 0.52(0.29-0.91) — i 0.999 0.970
: 1
Hypoxemic COVID-19 223/435(51.3) 210/447 (47.0) 1.16(0.94-1.43) —I— i 0.992 0.111
: 1
.
HFNC failed to reach non-inferiority vs NIV in 0.2 1 155 6
. . . Model-fitted median odds ratio
immunocompromised patients (95% credible interval)®

The statistic power was limited in COPD, immunocompromised,
and cardiogenic edema due to small sample size

Maia IS et al., JAMA. 2025 Mar 11;333(10):875-890.



Non-invasive respiratory support in respiratory failure

* Reduced intubation most of the time, sometimes improve
survival

« HFNC
v Improved outcomes in COVID-19 with AHF compared with COT

v'Preferentially over NIV in patients with high sputum load and may be
preferred in mild ARDS

* NIV

v"May be considered in mild to moderate ARDS (P/F 2150), higher
respiratory drive

v'Helmet over face mask
v'Titrating PEEP and monitor V; as lung protective strategy

v'Close monitor hemodynamic, consciousness, arterial blood gas and
never delay intubation



Weaning from mechanical
ventilation



High risk patients following extubation

High risk groups (mechanical ventilation more than 12 hours)

* Age 265 years

* Heart failure

 Moderate to severe COPD

 APACHE Il 212 on the day of extubation
« BMI =30

* Airway patency problems

* Difficult weaning (re-intubated)
* Mechanical ventilation for more than 7 days
e >2 Comorbidities

» Respiratory secretions (inadequate cough, suction 22 times within 8 hrs)

Re-intubation Comparison Network odds Absolute risk difference (95% Cl) Number needed to treat
ratio (95% Cl)

NIPPV vs conventional oxygen 0.65 (0.52-0.82) — 5.18 (- 8.09to — 2.26) 20 (13 to 45)
AFNC vs conventional oxygen 0.63 (0.45-0.87) — 384 (— 6.7 to — 0.98) 26 (15t0 102)
NIPPV vs HFNC 1.04 (0.78-1.38) —134(—441t01.72) N/A

HFNC 4+ NIPPV vs conventional oxygen 0.38 (0.19-0.74) —10.25(— 1849 to — 2.01) 10 (6 to 50)
HFENC + NIPPV vs NIPPV ) 0.58 (0.3-1.11) — 507 (— 133810 3.24) N/A

HFNC + NIPPV vs HFNC 0.6 (0.33-1.08) — 641 (— 141310 1.31) N/A

Fernando et al., Intensive Care Med. 2022 Feb;48(2):137-147.



HENC for high risk patients following extubation

Non-inferior trial

25 -
High-flow oxygen therapy
HFNC 22.8% 20+
NIPPV 19.1% -
Risk difference, -3.7% (-9.1% to o°) g 15-
%" Noninvasive mechanical ventilation
: ; £ 10-
Respiratory Failure -
HFNC 26.9%
NIPPV 39.8% :
Risk difference, 12.9% (6.6% to o°)
0 T T I
0 24 48 72
Hours After Extubation
No. at risk
High-flow oxygen therapy 290 260 234 223
Noninvasive mechanical ventilation 314 279 269 253

Hernandez et al., JAMA. 2016 Oct 18:316(15):1565-1574.; Erratum in: JAMA. 2016 Nov 15:316(19):2047-2048; Erratum in: JAMA. 2017 Feb 28:317(8):858



HFNC vs NIV after invasive mechanical ventilation:
a systemic review and meta-analysis

Search database: PubMed. web of science.

° C O P D : pOSt_I u N g tra N S p I a N t, China Knowledge, Wanfang, total 959 articles
acute respiratory failure, post-

. . frm——

operative hypoxemia, preterm |

i nfa n tS Reading of literature titles (n=570)

P 1 8 RCT a n d 2 n O n - RCT P| Exclusion of literature not relevant to this trial (n=272)

A 4

Removal of Duplicates Using EndNote Software 389

Read summaries of articles (n=298)

195 articles were excluded from the inclusion and exclusion criteria

>

\ 4

Browse the full text of 103 related documents

*1 83 articles were excluded after reading the full text:
(1) 65 articles in the review
A 4 (2) 18 articles without required data or with incomplete data.

Final inclusion of 20 articles

Maimaitiniyazi M et al., Front Med (Lausanne). 2025 Sep 25;12:1594145.



HFNC NIV Mean Difference Mean Difference H FNC VS N IV
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
Chen, 2023 7687 935 75 7914 819 72 6.4% -2.27 [-5.11, 0.57] =
Ga0,2020 985 71 206 945 75 7B 137% 4.00[2.05, 5.95] - PaO2 . .
Han, 2018 856 124 55 825 148 55 2.0% 3.10 [-2.00, 8.20] - Mortallty Slmllar
Huang,2019 7612 871 150 B7.82 7.63 151 15.1% 8.30 [6.45, 10.15] - HFNC better
Lis 2020 62.27 911 36 6433 803 36 33% 3.94 [-0.03, 7.91] '—°— HENC NIV Odds Ratio Odds Ratio
Lu, 2024 6748 334 48 6762 325 43 301% -0.14[1.45,1.17] Study or Subgroup Events Total Events Total Weight M-H,Fixed, 95% Cl M.H, Fixed, 95% CI
Shi, 2024 8351 1537 60 7762 1341 60  1.9% 5.89(0.73, 11.05] o Chen, 2023 5 75 7 72 80%  0.66[0.20,29) —
Xu, 2018 92 743 80 7 43 59%  12.00[9.04,14.96] Han, 2018 1 85 5 55 50%  0.19[002 164 |
Yu,2019 883 114 18 11789 89 17  1.1% -29.60[36.36,-22.84] Huang 2019 5 75 7 72 80%  0.66[020 219 — 5l
Yue, 2020 75 4 30 70 4 30 126% 5.00[2.98, 7.02] - ANy, ' S ey
ol Lius 2019 1 82 1 96  11% 1.17[0.07,19.05)
Zhang, 2018 1052 612 40 10489 565 40 7.8% 0.31 [2.27, 2.89] i, 61T t o 0 21 08% 274[011. 7104
Total (95% CI) 762 628 100.0% 2.95[2.23, 3.67) (] I\;\tlgn;02;018 12 ;2 g ‘;3 gg: g;j {3'33‘ i;g}
Heterogeneity: Chi*= 202.12, df= 10 (P < 0.00001); F= 95% =1 = ! . i
osh o avarallaffbebE = P ONDED 2 o 0 10 20 Yasutaka Koga, 2020 58 200 121 378 709%  0.87 [0.60,1.26] j
HFNC NIV Mean Difference Mean Difference Total (95% CI) 584 766 100.0%  0.79[0.57,1.10]
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI Total events 74 146 ) . . .
Chen, 2023 7687 935 75 7914 813 72  6.4% -2.27 [5.11, 0.57) — Heterogeneity: Chi*= 2.95, df= 7 (P = 0.89); F= 0% sk &+ 1 i 7 7
Gan,2020 985 71 206 945 75 76 137% 4.00 [2.05, 5.95] - Testfor overall effect Z=1.41 (P = 0.16) : NG NV
Han, 2018 856 124 55 825 148 55  2.0% 310 [-2.00, 8.20] = PaCO
Huang,2018 7612 871 150 67.82 763 151 151% 8.30 [6.45, 10.15) - 2
Li» 2020 62.27 911 36 6433 803 36  3.3% 3.94 [-0.03, 7.91] ——
Lus 2024 6748 334 49 B7E2 325 48 301% 014 [1.45,1.17) * HFNC better
Shi» 2024 8351 1537 B0 7762 1341 60 1.9% 5.89 [0.73, 11.05) L
Xus 2018 a2 7 43 a0 7 43 59%  12.00(9.04,14.96) -
Yu,2019 883 114 18 1178 88 17 1.1% -29.60[36.36,-22.84) ———
Yue, 2020 75 4 30 70 4 30 126% 5.00[2.98, 7.02] -
Zhangs 2018 1062 612 40 10489 565 40 7.8% 0.31 [-2.27, 2.89] -+
Total (95% CI) 762 628 100.0% 2.95[2.23, 3.67] '
Heterogeneity: Chi*= 20212, df= 10 (P < 0.00001); F= 85% 30 40 6 1
Test for overall effect: Z= 8.03 (P < 0.00001) Saan pan
HFNC NIV Odds Ratio Odds Ratio . . = = =
Study or Subgroup _Events Total Events Total Weight M.A, Fixed, 95%Ci M, Fixeg, 95t For patients with extubated from invasive mechanical
Chen, 2020 11 48 11 46 7.4%  0.95(0.36, 2.46) —— tl t
Chen, 2023 8 75 11 72 88%  0.48[0.17,1.38] — . .
6a0,2020 1 206 9 276 65% 0.14[0.021.15 r Re_|ntubat|on ventia |On, HFNC
Han, 2018 2 55 10 55 82%  0.17[0.04,0.82 —_— - ]
o 2 3 8 B Sk oenna —  Improved PaO2, reduced PaCO2, and lower re-intubation
Lius 2019 7 82 26 96 186%  0.25(0.10,0.62] —— HFNC better t
Lis 2017 0 24 o2 Not estimable rate
Li» 2020 1 36 1 36 08% 1.00[0.06,16.63] . . . . .
Uchiyama, 2020 10 176 17 196 129%  063(0.28,1.42) il « Aviable clinical alternative for post-extubatlon
Wang, 2018 3 2 5 24 37% 054[0.11,2.58) —_— .
Xus 2018 7 43 13 43 92%  0.45(0.16,1.27) — resplratory support
Yu,2019 3 18 2 17 15% 150[0.22,10.30] e e
Yuan,2020 4 56 6 44 53%  0.49(0.13,1.85) —— °
DG @ T & ne JUNE - Only shorterm outcomes were evaluated
Zhang, 2018 4 40 5 40 38% 0.78[0.19,3.14] — ° 3 e ; 2
Zheng, 2024 3 47 10 47  80%  0.25(0.06,0.99) Risk factor stratification
Total (95% CI) 038 1075 100.0%  0.45[0.33,0.63] *
Total events 65 133
Heterogeneity: Chi*= 10.43, df= 14 (P = 0.73); F= 0% t t t t
Test for overall effect: Z= 4.84 (P < 0.00001) 0.005 0.1 10 200 i Hini 5
= : HFNC NIV Maimaitiniyazi M et al., Front Med (Lausanne). 2025 Sep 25;12:1594145.



NIV vs HFNC in obesity after extubation

Intubation at day 7/total number of patients

Noninvasive High-Flow Oxygen Odds Ratio Interaction P
Subgroup Ventilation group Therapy group (95% CI) Value
All patients 40/330 (12%) 53/293 (18%) 0.62 (0.40-0.97) i—.
Body mass index
< 25 kg/m? 25/126 (20%) 12/87 (14%) 1.55 (0.73-3.28) —-—l—
25 to 29 kg/m? 8/92 (9%) 24/112 (21%) 0.35 (0.15-0.82) - 0.007
= 30 kg/m? 71112 (6%) 17/94 (18%) 0.30 (0.12-0.76) - E

Normal or underweight

Noninvasive
Ventilation Better

High-Flow Oxygen
Therapy Better

Log-rank P =0.232
HR = 1.44 [0.72-2.86]

Noninvasive ventilation

— HFNC

High-flow nasal oxygen

40
;\'_E
c
S 30 -
©
o
2
£
o
o 20 .
£
5
T
o
a 10 4
c
Q0
©
o

0 .

0 1
Number at risk
Noninvasive ventilation 126 113
High-flow nasal oxygen 87 81

2 3 4 5 6 7
Days from extubation to reintubation

106 103 100 98 98 98
79 76 74 74 74 73

Overweight
40 -

Number at risk

Noninvasive ventilation

High-flow nasal oxygen

Obese

Number at risk

Noninvasive ventilation

High-flow nasal oxygen

Patients requiring reintubation (%)

Patients requiring reintubation (%)

30 +

20

10

40 -

10

Log-rank P=0.012
HR = 0.33 [0.15-0.73]

HENC

High-flow nasal oxygen

Noninvasive ventilation

0 1 2 3 4 5 6 7
Days from extubation to reintubation

92 89 89 87 87 84 82 82

112 99 96 91 89 88 87 87

Log-rank P = 0.007
30 - HR = 0.31 [0.13-0.75]
20 High-flow nasal oxygen
Noninvasive ventilation
T T T T T T 1

0 1 2 3 4 5 6 7
Days from extubation to reintubation

112 110 110 109 109 103 102 102
94 89 83 79 78 77 76 76

Thille et al., Am J Respir Crit Care Med. 2022 Feb 15;205(4):440-449.



NIV in obesity patients following extubation

« Adult patients have mechanical ventilation 26 hrs and admitted to ICU

Treatment failure Relative risk for treatment p value for

° B M I 23 O . _ _ h failure (95% C1) interaction
Treatment failure

Randomisation variable
A Cumulative incidence of treatment failure within 3 days after intention-to-treat analysis Type of oxygen therapy administered 050
£ 1007_ Oxygen th?’apy group Standard oxygen 31/245(127%) 671245 (27-4%) e 0-29 (0-17-0-49)
£ . —Non-invasive ventilation group High-fl | 35/245 (14-3%) 63/246 (25-6%) —a— 0-44(0-27-073)
F& 307 HRO48(95%C10:36-064); p<0-001 HFNC or COT Y o . . '
=11 . Stratification variables
; -5\ g\c, 257 Type of admission 038
8 = -% 204 Surgical 39/292 (13-4%)  70/293 (23-9%) ——y 0-49 (0-32-076)
E g “é 15 Medical 27/198 (13-6%)  60/198 (30-3%) ——— 037 (0-22-0-61)
% g 9 90 I V Length of ventilation 034
B o <48h 30/239(126%)  51/235 (21.7%) ——i 052 (0:32-0-85)
§ 248 h 36/251 (14-3%) 79/256 (30-9%) - 038 (0-24-0-59)
0 0 2|4 4'8 7'2 Subgroup variable
Number at risk COVID-19 disease 016
(number censored) Yes 8/60 (13:3%) 24/60 (40-0%) p——— 0-24 (0-10-0-59)
Oxygen therap.y group 491 (0) 437 (0) 385(0) 362 (0) No 57/425(13-4%)  105/427 (24-6%) t—a—i 0-48 (0-33-0-68)
Non-invasive 490 (0) 454(0) 438 (0) 424(0) Overall 66/490 (13:5%) 130/491 (26-5%) .y 0-43 (0-31-0-60)
ventilation group f .
0 1 2
B Cumulative incidence of reintubation within 3 days after intention- to-treat analysis “— —>
S F NIV F th
% S 1007 HR 0-80 (95% Cl 0-55-118); p=0-26 avours avours oxygen therapy
'5 5 204 . . D Cumulative incidence of reintubation within 3 days after post hoc cross-over analysis
£ ® c
23 I’elntu bahon H FN C or COT 22 1% HR067(95%C1 0-46-0.97); p=0-03
°3% 15 25 . .
i} ~Jreintub HFNC or COT
g2 £z »*jreintubation or
ER g5
> S g wn 10+
5> 3 IV
3 0 T T T ¢z
0 24 48 72 Be 5
Number at risk g =]
(number censored) 3 3 0 5 7 o 5
Oxygen therapy group 491 (0) 463 (0) 445 (0) 432(0) - o - )
Non-invasive 490 (0) 472 (0) 456 (0) 442 (0) Nomberat risk Hours since inclusion
el IS arin (number censored)
Oxygen therapy group 421 (0) 393(0) 377(0) 365 (0)
Non-invasive 560 (0) 542 (0) 524 (0) 509 (0)

ventilation group

De Jong et al., Lancet Respir Med. 2023 Jun;11(6):530-539.



One minus Kaplan-Meier survival

HFNC and NIV for patients with prolonged mechanical

ventilation following extubation

* Adult patients transferred from ICU to RCC
* Mechanical ventilation 214 days

NIV

+

HFNC 10%
NIPPV 20%

HFENC

Log rank P-value = 0.195

025  —— HFNC —— NIPPV — gas=| = HENC
—— NIPPV
2
Reintubation FN C =
_ ) . —
0.15 HENC 5% g 0.15
NIPPV 0% &
0.10 2 010
hV4
g "
=
.05 — £ . :
0.05 N IV g 0.05
o
Log rank P-value = 0.018
Qiet] * 0.00 ‘
1 1 1 1 1 1 I 1 I 1 I I 0
\\ y 10 20 30 40 50 60 70 80 90 \ y 10 20
Time to reintubation, hour

Number of patients at risk : Number of patients at risk :
BiPAP 20 20 20 20 20 20 20 20 20 20 BiPAP 20 17 17
HFNC 20 19 19 19 19 19 19 17 16 15 HENC 20 20 19

I | I | ! I I
30 40 50 60 70 80 90

Time to death, day

15 15 15 15 15 15 15
19 19 19 18 18 18 18

Tseng et al., Sci Rep. 2023 Mar 22;13(1):4689.



Very high risk patients following extubation

* Adult patients received mechanical ventilation 224 hrs
e >4 risk factors for post-extubation respiratory failure

T ) | e o0 | Puae

Re-intubation 22.8%
ICU LOS (days) 9.5
Hospital mortality 15.2%

o
8 -
3
_5 Noninvasive mechanical ventilation N IV
73 To]
3 ®
-% High-flow oxygen therapy h"‘—n‘_\_L
5 HFNC
© 31
0.019 =t
£
0.047 3
©
0.475 > &
=
©
0
o
o
o pu—
| | | I I
0 42 84 126 168
Hours After Extubation
Number at risk
Noninvasive mechanical ventilation 92 77 72 71 71
High-flow oxygen therapy 90 66 64 63 55

Hernandez et al., Intensive Care Med. 2022 Dec;48(12):1751-1759; Erratum in: Intensive Care Med. 2023 Mar;49(3):385.



Combination with NIV and HFNC following extubation

HFNC or HFNC + NIPPV
for at least 48 hours
following extubation for
high risk patients

251

20

15+

10+

Patients Requiring Reintubation, %

HFNC alone

High-flow nasal oxygen alone

High-flow nasal oxygen with
noninvasive ventilation

Log-rank P=.02

|
No. at risk
High-flow nasal oxygen
Alone 302 276
With 339 321,
noninvasive
ventilation

2 3 4 5 6 7
Time Since Extubation, d

265 253 248 246 244 243
314 308 305 294 292 251

Thille et al., JAMA. 2019 Oct 15;322(15):1465-1475



HFNC vs HFNC + NIV after extubation

» Post-hoc analysis combining 2 RCT

 Patients without hypercapnia before extubation, N=829

n
o
|

"y
(4]
1

104

Patients requiring reintubation (%)

HFENC

HF NC alone

NIV+HFNC

p =0.019 by log-rank test

0 = I I I | 1 1 1
0 1 2 3 4 5 6 7
Time Since Extubation (days)
Number at risk.
HFNC alone 289 269 258 250 244 243 240 237
NV+HFNC 540 519 505 498 484 473 471 467
Reintubation by day 7
NIV + HFNC 11.8%
HFNC alone 17.6%

Absolute difference

-5.8% (p=0.021)

Adjusted analysis (G-computation)

Risk difference —5.6% (95% CI -11.0 to -0.5)

20—
NIV+HF NC
15—
X HFNC alone
< 104
©
(]
0
54
iy p = 0.817 by log-rank test
0 B I I I 1
0 15 30 45 60
Time Since Extubation (days)
Number at risk.
HFNC alone 289 278 263 257 248
NV +HFNC 540 506 487 469

Thille AW et al., Intensive Care Med. 2026 Apr 13.

461



Respiratory support after mechanical ventilation

« HFNC or NIV reduced intubation in high-risk patients than COT

* NIV better than HFNC in obesity, prolong mechanical ventilation,
very high risk

* NIV+HFNC reduce re-intubation even more than HFNC alone



Preoxygenation before intubation




Time

Noninvasive ventilation improves preoxygenation before
intubation of hypoxic patients

ABG 1 ABG 2 ABG 3

<30 min

ABG 4

‘Al

»
>

30 min [

— A\ ) A\ )
High FiO2 mask Usual mechanical ventilation
o TV=8-10 mi/kg
$ NIV RR= 18-20 c/min
Hp PEEP= 5; FiO>= 100%
RANDOMIZATION
for preoxygenation:
INTUBATION
Spo2 (%) - S .
100 -
90 1 ---
80 1
70 -
——C - -& - NIV
60 T 1

baseline Before ETI During ETI  ETI+5'

ETI+30'

Minimal SpO2 p<0.05
value during ETT | |
100 - 4
] L &
: z $
90 1 !
¢
80 - —_—
f . g
70 ' . .
: 3
60 s
50 - . :
NIV N=27/ Control N=26

For the intubation of hypoxemic patients, preoxygenation using NIV
reduces desaturation than the usual method

Usual method: 23 min of normal tidal volume ventilation with bag and mask with 100%

0,

Baillard et al., Am J Respir Crit Care Med. 2006 Jul 15;174(2):171-7.



Effect of preoxygenation using non-invasive ventilation before
intubation in hypoxaemic patients

Table 2 Characteristics of patients before preoxygenation.
Data are presented as n (%) or median (interquartile). NIV,

non-invasive ventilation

Table 4 Outcome. Data are presented as n (%) or median
(interquartile). NIV, non-invasive ventilation, SOFA, sequen-
tial organ failure assessment score

Variables Preoxygenation Preoxygenation P
. : . NIV face mask
Variables Preoxygenation Preoxygenation n—99 n—=102
NIV face mask
=8 s Maximal SOFA 9 (6—12) 10 (6—12) 0.65
NIV before 45 (46%) 46 (45%) value®
preoxygenation Number of organ failures:
Systolic arterial 131 (110—149) 130 (113—150) 0 8 (8.2%) 3 (3.1%) 0.34
pressure (mm Hg) | 23 (23.5%) 27 (27.6%)
He(;rt ;ate . 71) 109 (92—120) 110 (98—129) ay 34 (347%) 26 (265%)
eats min
: 3 20 (20.4%) 26 (26.5%)
Pul t 93 (8898 93 (9098
u(SS;(;’z ’)“f,ze . SR SR 4 9 (9.2%) 11 (11.2%)
FiO, (%) 70 (48—90) 70 (48—70) 5 4 (4.1%) 5(5.1%)
Blood gases Death' 31 (31.3%) 38 (37.3%) 0.76
Pa0, (pKa) 9.7 (7.9-14) 10.9 (8.1-13.2) Duration of 4 (0—-17) 3 (0—12) 0.14
PaCO, (pKa) 5.5 (4.4—6.8) 4.8 (3.9-6.3) stay in ICU"*
pH - 7.4 (7.3—7.4) 7.4 (7.3-7.5) Duration of 9 (1-21) 5.5 (1—21) 0.37
gy 0wl mem
als (7 — = )
Pa0,/FiO, 132 (80—175) 126 (95—207) Duration of 13 (1-23) 9(1-21) 040
mmvasive
ventilation'
NIV as a preoxygenation method did not reduce organ Duration of 27 (18—28) 26 (14.5-28) 0.85

non-invasive

dysfunction (SOFA score during 7 days) compared with usual ventilation’
preoxygenation in hypoxaemic, critically ill patients requiring

tracheal intubation for invasive ventilation.

Baillard et al., Br J Anaesth. 2018 Feb;120(2):361-367



Table 5 Adverse events in patients with non-invasive, NIV, respiratory support at the time of randomisation (prior to intervention),
n=91. Data are presented as n (%) or median (interquartile). NIV, non-invasive ventilation; SOFA, sequential organ failure assessment

score

Variables Preoxygenation Preoxygenation OR P
NIV n=45 face mask n=46

Patients with at least one adverse event 8 (17.8%) 19 (41.3%) 5.2 (1.6-—17) 0.006

during preoxygenation or intubation

Sp0,<80% 7 (16.6%) 19 (41.3%) 0.002

Arrhythmia with haemodynamic failure 0 (0%) 2 (4.3%)

Regurgitation 0 (0%) 1(2.2%)

Myocardial ischaemia 1(2.2%) 0 (0%)

Preoxygenation failure 0 (0%) 5 (10.8%)

Total number of adverse events 8 27

Maximal SOFA value® 9.5 (6—13) 9.5 (7—12) 0.59

Number of organ failures: 2 (2—3) 2 (1-4) 0.68
1.(2:2%) 2 (4.3%)

1 10{22.29%) 10 (21.7%)

2 15 (33.3%) 13 (28.3%)

3 9 (20.0%) 8 (17.4%)

4 6 (13.3%) 10 (21.7%)

5 4 (8.9%) 3 (6.5%)

Death' 15 (33%) 16 (35%) 1.2 (0.46—3.14) 0.70

* NIV should not be discontinued for preoxygenation in the cases of patients treated by NIV before

the decision to intubate.

Adverse events: occurrence of arrhythmia with haemodynamic failure, occurrence of regurgitation (presence of gastric content seen during laryngoscoy),
severe 02 desaturation (Sp02<80%), de novo myocardial ischemia (myocardial repolarization and/or elevated serum troponin sampled between 4 and 8 hr

after intubation)

Baillard et al., Br J Anaesth. 2018 Feb;120(2):361-367



Non-invasive ventilation versus high-flow nasal cannula oxygen therapy
with apnoeic oxygenation for preoxygenation before intubation

Non-invasive
ventilation

High-flow nasal p value
cannula oxygen

* Acute hypoxic respiratory

fa | | ure (n=142) therapy (n=171)

. . Oxygen device the last hour before inclusion - - 0-90

»RR 225 or signs of respiratory Standard oxygen 63 (44%) 73 (43%)

d | stress High-flow nasal cannula oxygen therapy 48 (34%) 57 (33%)

. Non-invasive ventilation 31 (22%) 41 (24%)
> P/F rat 10 SBOOm m H g rega rd IeSS Vasopressor support at inclusion 27 (19%) 35 (20%) 0-75
Of Oxygenat|0n st rategy Bilateral pulmonary infiltrates 88 (62%) 106 (62%) 0-98
. . . Respiratory rate, breaths per min 30 (8) 31(8) 0-35
* Preoxygenation 23 mins with  ro.f0. ratio, mm g 142 (65) 148 (70) 0.40
N IV VS H F N C ( NO Va Ive_ ba g_ Stratification sub-groups - - 0-06

Pa0,:FiO, ratio >200 mm Hg 25 (18%) 46 (27%)

facemas k) Pa0,:FiO, ratio <200 mm Hg 117 (82%) 125 (73%)

Frat etal., Lancet Respir Med. 2019 Apr;7(4):303-312.



Lowest SpO, value (%)

Lowest SpO, value (%)

100 =
Severe-to-moderate hypoxaemia (Pa0,/FiO, =200 mm Hg) Mild hypoxaemia (Pa0,/FiO, >200 mm Hg)
Non-invasive High-flow nasal ~Absolute difference pvalue  Non-invasive High-flow Absolute p value
ventilation cannulaoxygen estimate (95% Cl) ventilation ~ nasalcannula  difference
90 (n=117) therapy (n=125) (n=25) therapy (n=46) estimate (95% Cl)
Primary outcome
Sp0, <80% during 28 (24%) 44 (35%) -11:3(-22:3t00:3) 0-0553 5 (20%) 3(7%) 13-4 (-22t0331) 01197
intubation procedure
80— 95% Cl 16-32 27-44 - - 4-36 0-14
overa I I Adjusted on PaO, 0-0459 - - - 01003
Secondary outcomes
—&- Non-invasive ventilation group SpO, at the beginningof ~ 94% (5) 94% (4) 00(-11to11) 075 97% (3) 97% (4) 00(-1-8t01-8) 0-36
~B- High-flow nasal cannula oxygen therapy group tion
70 T T T T T T T T T 1 preoxygena
SpO, at the end of 97% (4) 96% (6) 1.0 (-0-0t02:0)  0-02 99% (3) 98% (4) 1.0 (-0-8t02:8) 031
B preoxygenation
1009 Lowest SpO, during 86%(12)  81%(17) 5.0(12t087) 002 90%(15)  93% (8) 30(-84t024) 031
intubation procedure
Data are n (%) or mean % (SD), unless otherwise indicated. SpO,=pulse oximetry.
90 Table 3: Outcomes in the intention-to-treat population, by subgroup of stratification and treatment group
80 . .
. ° -
P/F ratio <200 Preoxygenation with valve-bag facemasks should be replaced by
HFNC therapy or NIV in ICUs before the intubation
70 — ——— . * Further studies are needed in a larger population to investigate
Baseli End of Duri in aft 0 min aft H H
S .. UL .- M o e B o s v whether NIV should be used for all patients regardless of their

level of hypoxaemia.

Frat etal., Lancet Respir Med. 2019 Apr;7(4):303-312.



Noninvasive Ventilation for Preoxygenation during Emergency

Intubation

* Inclusion criteria

v'Planed tracheal intubation
using a laryngoscope and
sedation

v'Operator is a clinician
routinely perform tracheal
intubation in participant
units

Preoxygenation >3 mins with
NIV vs NRM or BVM (with or
without manual ventilation)

Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Acute conditions — no. (%)§
Altered mental status
Sepsis or septic shock
Pneumonia
Gastrointestinal bleeding
Traumatic injury
Median APACHE Il score (IQR)Y|
Median Glasgow Coma Scale score (IQR)|
Treatment or measurement within the hour before enrollment
Receipt of vasopressors — no. (%)
Receipt of high-flow nasal cannula — no. (%)**
Median lowest oxygen saturation (IQR) — %717
Median highest Fio, (IQR) 1
Ratio of oxygen saturation to Fio,{§
Median (IQR)
<315 —no. (%)

Noninvasive Oxygen
Ventilation Mask
(N=645) (N=656)
402 (62.3) 390 (59.5)
301 (46.7) 312 (47.6)
107 (16.6) 102 (15.5)
107 (16.6) 102 (15.5)
40 (6.2) 6 (5.5)
17 (12-23) 17 (12-23)
12 (8-15) 12 (8-15)
178 (27.6) 178 (27.1)
150 (23.3) 165 (25.2)
95 (92-98) 95 (92-98)

0.33 (0.21-0.66) 0.36 (0.21-0.70)

271 (145-426) 268 (124-423)
328 (58.9) 331 (59.7)

Gibbs et al., N Engl J Med. 2024 Jun 20;390(23):2165-2177.



Table 3. Outcomes of Tracheal Intubation.

Outcome

Primary outcome

Hypoxemia during intubation — no./total no. (%) 71

Noninvasive
Ventilation
(N =645)

57/624 (9.1)

Oxygen
Mask

(N=656)

118/637 (18.5)

Difference
(95% Cl)*

-9.4 (-13.2t0 -5.6)§

Secondary outcome

Median lowest oxygen saturation (IQR) — %
Exploratory procedural outcomes

Lowest oxygen saturation <80% — no./total no. (%)
Lowest oxygen saturation <70% — no./total no. (%)
Cardiovascular collapse — no./total no. (%)

Systolic blood pressure <65 mm Hg — no. [total no. (%)
New or increased use of vasopressors — no./total no. (%)

Cardiac arrest — no./total no. (%)|

99 (95 to 100)

39/624
15/624

(6.2)

(2.4)
113/645 (17.5)

18/621 (2.9)
111/645 (17.2)

1/645 (0.2)

97 (89 to 100)

84/637 (13.2)
36/637 (5.7)
127/656 (19.4)
28/633 (4.4)
117/656 (17.8)
7/656 (1.1)

2 (1to3)

-6.9 (-10.2to -3.7)
-32 (-5.4to-11)
-1.8 (-6.1t0 2.4)
-1.5 (-3.6t0 0.6)
-0.6 (-4.8t03.5)
-0.9 (-1.8t0o-0.1)

Successful intubation on the first attempt — no./total no. (%)
Median time from induction to intubation (IQR) — seconds
Exploratory safety outcomes

Operator-reported aspiration — no./total no. (%)**

New infiltrate on chest imaging — no./total no. (%)

New pneumothorax — no./total no. (%)

Median oxygen saturation at 24 hr (IQR){§

Median Fio, at 24 hr (IQR)

Exploratory clinical outcomes||

Median ventilator-free days (IQR)

Median ICU-free days (IQR)

534/645 (32.8)
115 (89 to 150)

6/645 (0.9)
144/509 (28.3)
7/509 (1.4)
97 (95 to 100)

0.40 (0.30 to 0.40)

21 (0 to 26)
16 (0 to 23)

535/656 (81.6)
113 (85 to 152)

9/656 (1.4)
148/497 (29.8)
7/497 (1.4)
97 (95 to 100)

0.40 (0.30 to 0.40)

17 (0 to 25)
14 (0 to 23)

1.2 (-2.9t0 5.4)
2 (-5t09)

-0.4 (-1.6t00.7)

—15(71to41)
0 (-1.5to 1.4)
0(-1to1)

0.01 (-0.05 to 0.05)

4(-1t09)
2 (-1t 8)

In-hospital death — no./total no. (%)

209/645 (32.4)

217/656 (33.1)

-0.7 (-5.8 to 4.4)

Cardiac arrest

Risk of hypoxemia during intubation
NIV 9.1% vs Oxygen mask 18.5% (P <0.001)

NIV 0.2% vs Oxygen mask 1.1%

__________________________________________________________

Subgroup

no. of patients with event/total no. of patients (%)

Location
Emergency department
Intensive care unit
Acute hypoxemic respiratory failure
Yes
No
Body-mass index
<30
=30
APACHE Il score
<17
=17
Fio, in previous 1 hr
0.21
0.22-0.40
0.41-0.70
>0.70
Overall

Noninvasive

Ventilation

13/165 (7.9)
44459 (9.6)

36/282 (12.8)
21/342 (6.1)

36/397 (9.1)
20/222 (9.0)

27/337 (8.0)
30/287 (10.5)

4/142 (2.8)
18/192 (9.4)
9/100 (9.0)
18/106 (17.0)
57/624 (9.1)

Oxygen
Mask

23/175 (13.1)
95/462 (20.6)

84/322 (26.1)
34/315 (10.8)

59/410 (14.4)
58/220 (26.4)

67/350 (19.1)
51/287 (17.8)

15/143 (10.5)
35/180 (19.4)
15/81 (18.5)
45/137 (32.8)

118/637 (18.5)

Risk of hypoxemia during intubation

Noninvasive Ventilation Better

Absolute Risk Differene (95% Cl)
percentage points
—_—
——
—_——
—l—

1
1
1
1
1
1
1
1
1
1
1
—— 1
1
1
1
1
1
1
1
1
1
1
1
1

. I o
—

T T 1

1

1

1

I T T :
-30 -20 -10 0 10 20 30

Oxygen Mask Better

* Critically ill adults undergoing tracheal intubation in an emergency department or an ICU, the incidence
of hypoxemia was lower with preoxygenation with noninvasive ventilation than with an oxygen mask

* The use of high-flow nasal cannula during tracheal intubation was not evaluated

Gibbs et al.,

N Engl J Med. 2024 Jun 20;390(23):2165-2177.



NIV for preoxygenation

a)

Treatment

HFOT

+ 15 RCT, n=2,939
+ NIV vs HFOT vs COT
. ICU, ED, OR

b)
Treatment
NIV

NIV+HFOT
HFOT

Meta-analysis

Lowest SpO,

COT versus NRS

_|_
_|_

_—

I T 1
-5 0 5
Favours COT  Favours NRS

Severe desaturation (SpO, <80) s, <o

COT versus NRS
_|_
—|__
I T T 1
0.2 0.5 il 2 5

Favours NRS  Favours COT

MD (95% Cl)

1.50 (0.43-2.58)
3.30(1.81-4.79)
5.53 (2.06-9.00)

OR (95% Cl)

0.31(0.15-0.61)
0.57 (0.12-2.67)
0.68 (0.33-1.39)

Lowest S, CcoT

p-score p-value /

8
0.66 0.006 HFOT
0.31 <0.001

0.03 0.002 1

N

/ NIV+HFOT

2

\/

NIV

/ COT
p-score p-value /

5

0.92 <0.001 HFOT

0.51 0.477 /‘“V‘“HFOT
1 2

0.44 0.286 \\\/

NIV

D

» During emergent endotracheal intubation in critical care areas, preoxygenation
with NIV or HFOT overperformed COT in maintaining SpO.,.
» Only NIV reduced the incidence of severe desaturation

Boscolo A et al., ERJ Open Res. 2025 Dec 15;11(6):00329-2025.



Monitor parameters during the
non-invasive respiratory support



Incidence of NIV failure and mortality in patients with ARDS

Systematic review and meta-analysis
NIV failure rate

- Patients with ARDS - AP I o = ¢ Immunocompromised higher
. = Pulmonary > extrapulmonary -
e 90 studies, 98 arms P i =
NIV failure rate e 08 i Vit
Sev ARDS

o0 71% :
i | '\"02 (ﬁ;{DS ICU mortality 29%
70% ) o
o | 'V"'% (’)*O/RDS NIV failure rate 45%
50% (o)

 Severe > Moderate > Mild ARDS

* Pulmonary > extrapulmonary

40%
30%
20%

10% r

* Immunosuppression > without immunesuppresion

0%

Mild ARDS Moderate ARDS Severe ARDS
Study arms 24 20 17
Total patients 819 1332 525
NIV failure (95%CI) 30% (21-39%) 51% (43-60%) 71% (62-79%)

Wang J et al., BMC Pulm Med. 2024 Jan 22;24(1):48.



. N=2,813; with 436 (15%) managed with NIV

NIV of Patients with ARDS: LUNGSAFE

» Propensity score matching comparing NIV vs IMV

0.8

0.6

0.4 4

Survival Probability

0.2

0.0

Non-Invasive MV
— Invasive MV

Overall

Klein and Moeschberger Test
p-value = 0.0649
T

# at risk
Non-Invasive 348
Invasive 347

T
5

299
306

T T T
10 15 20 25
Time to event (days)

219 162 121 87
248 190 150 119

1.0

0.8

0.6

0.4

Survival Probability

0.2 1

Non-Invasive MV
— Invasive MV

IMV

NIV

Klein and Moeschberger Test

0.0

# at risk
Non-Invasive 90
Invasive 91

p-value = 0.1228
T T T T T
5 10 15 20 25
Time to event (days)

73 55 39 30 21
78 66 48 4 31

Survival Probability

1.0

0.8

0.6

0.4 A

0.2

0.0

# at risk
Non-Invasive 97
Invasive 96

Non-Invasive MV
— Invasive MV

Klein and Moeschberger Test

p-value = 0.4795
T T T T
5 10 15 20 25
Time to event (days)

86 64 47 31 23
83 63 47 36 27

NIV failure rate 37.5%

« Severe (47%) > Moderate(43)
> Mild (22%)
Hospital mortality

* NIV failure (45%) >
success (16%)

NIV seems associated
with higher mortality in
P/F <150 mmHg

Bellani G et al., Am J Respir Crit Care Med. 2017 Jan 1;195(1):67-77.




Cumulative probability - free of

ROX index

Survival proportions according to ROX
index at 12h of HFNC

—a— ROX = 4.88

p<0.001 ROX < 4.88

—
—

i

0 4 8 12 16

Length of HFNC therapy (days)

Sp0,/Fi0,

2hrs

< 2.85

RR

6hrs 12hrs All times
<3.47 < 3.85 > 4.88

Intubation Observe

Roca et al., Am J Respir Crit Care Med. 2019 Jun 1;199(11):1368-1376.



HARCO

(Hear rate, acidosis, consciousness,
oxygenation, and respiratory rate)

HACOR score >5 at 1hour of NIV with a >80%
risk of NIV failure.

Variables

Category (j)

Assigned
points

Heart rate,
beats/min

pH

GCS

PEDE,"F'IDE

Respiratory rate,

breaths/min

<120
2121
27.35
7.30-7.34
7.25-7.29
<7.25
15
13-14
11-12
<10
2201
176-200
151-175
126-150
101-125
<100
<30
31-35
36—-40
41-45
246

WP, OO0 RN RPN RBRWNORE O

Duan et al., Intensive Care Med. 2017 Feb;43(2):192-199.



Machine learning model to predict HFNC failure

» Retrospective, multicenter, USA

« 2009 to 2022, N=11,618 (6,787 training; 4,831 validation)

Auca

0.9

0.85

0.8

0.75

0.7

0.65

0.6

0.55

0.5

AUC

Machine learning model

—8 il

ROX index
+2 +6 +12 +24 +48 +72
Hours After Start of HFNCP

—=@==Gradient Boosting Model  e=fil==ROX Index

raction of Inspired Oxygen (FI02) |

Platelet Count |GG
Serum Bicarbonate |

nspired Oxygen (Fi02) - Stope |

Heart Rate |
White Blood Cell Count [N
Systolic Blood Pressure NG
AVPU Score

0 20 40 60 80 100

Variable Importance (%)

Temte B et al., BMJ Open Respir Res. 2025 Nov 18;12(1):e003355.



Parameters to predict respiratory failure

Parameter Monitoring technique/score calcula- Clinical thresholds associated with risk Limitations
tion of failure
5p0./HO, Pulse oximetry < 120 and/or worsening trend Underestimation of severity with low
PaCO,
Pa0,/HO, Arterial blood gas analysis < 150-200 mmHg and/or worsening Intermittent
» PaCO,
Respiratory Rate Clinical examination = 25-30 and/or not decreasing with Poorly correlated with effort
. support
« C
O n S CI O u S n eS S Expired tidal volume  Ventilator >9-95 ml/kg PBW Mot feasible during HFNO, standard
helmet NIV
° H d " APes Esophageal balloon catheter > 15 cmH,0 and/or reduction < 10 Meeds some expertise
el I IO ynal I ”CS cmH,O during NIV
ROX (5pO,/FiO,)/Respiratory Rate < 285 at 2 h of HFNO initiation Validated only for HFNO

<347 at 6 h of HFNO initiation
< 3.85 at 12 h of HFNO initiation

HACOR scale? Heart rate, acidosis, consciousness, oxy- =5 at 1 hof NIV initiation Intermittent, time consuming, validated
genation and respiratory rate® only for NIV

PEW predicted body weight, MV noninvasive ventilation, HFNO high-flow nasal oxygen, DeftaPes inspiratory effort

# The HACOR score is calculated as the sum of the scores for each individual variable, assigned as follows. Heart rate: < 120 beats/min=0,= 121 beats/min=1;
pH:=7.35=0, 7.30-7.34=2, 7.25-7.29=3,< 7.25 =4, Glasgow Coma Scale score: 15=0, 13-14=2, 11-12=5, = 10=10; Pa0/FiQ; ratio: = 201 mmHg=0,
176-200 mmHg=2, 151-175 mmHg =3, 126-150 mmHg =4, 101-125 mmHg =15, < 100 mmHg = &; Respiratory rate: = 30 breaths/min =0, 31-35 breaths/min=1,
36-40 breaths/min =2, 4145 breaths/min=3, = 46 =4

We Shall Never Delav Intubation

Grieco DL, et al., Intensive Care Med. 2021 Aug;47(8):851-866.



Take home message

* Physiologic effects of non-invasive respiratory support

v'PEEP to reduced atelectasis, increased FRC, driving pressure to
unloading respiratory muscle

v’ Improving oxygenation, reduced respiratory drive and work of breath

 For patients with acute respiratory failure
v'NIV and HFNC reduced intubation than COT

v'NIV provide more respiratory support than HFNC in patients with
higher respiratory drive

* NIV and HFNC reduce re-intubation than COT in high-risk
patients

* NIV and HFNC prevent severe hypoxemia during emergent
endotracheal intubation

* Never delay intubation when using NIV or HFNC



Thanks for

your attention
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