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Oxygen Therapy Difference
High-Flow Conventional  Between Groups
| Variable (n = 264) (n = 263) (95% Cl) PValue
Primary Outcome
All-cause reintubation, No. (%) 13 (4.9) 32 (12.2) | 7.2 (2.5t0 12.2)' .0042

Figure 2. Kaplan-Meier Analysis of Time From Extubation
to Reintubation
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Fig. 1. The balance between respiratory loads and demands de-
termine the need for mechanical ventilatory support. C,, = com-
pliance of the lungs and thorax. R,, = airway resistance. V, =
alveolar ventilation. Va0, = carbon dioxide production. Vo, = 0x-
ygen consumption. Vp = dead-space volume.
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NIV group SMT group

Risk Ratio

Risk Ratio

Study or Sul Events Total E Total Weight M-H, Fixed, 95% CI Y. M-H. Fixed, 95% CI

3.1.1 reintubaton

2.18] 2011

2013

202

2013

Mava 2005 4 48 12 48 17.5% 0.34 [0.12, 0.98] 2005
Farrar 2006 8 74 18 B3 259% 0.53 [0.25, 1.10] 2008
Ferrer 2009 B 54 10 52 15.0% 058 [0.23, 1.48] 2009
Khilnani 2011 3 20 5 20 7.4% 060 [0.17F,
Su 2012 21 202 16 204 234% 1.33 [0.71, 2.47) 2012
Ornico 2013 1 20 T 18 10 9% 013 [0.02, 0.85
Subtotal (95% CI) 423 426  100.0% 0.65 [0.46, 0.93]
Total events 44 &4
Heterogeneity: Chi* =942, df = 5 (P = 0.09); F=47%
Test for overall effect: £ = 2.37 (P = 0.02)
3.1.2 hospital mortality
Mawva 2005 3 45 9 49 33.4% 0.34 [0.10, 1.18] 2005
Farrar 2006 2 74 12 83  43.9% 018 [0.,04, 0.76] 2008
Ferrer 2002 3 54 4 B2 15.3% 0.72[017, 3.07] 2009
S 2012 i 202 2 o0d 7 5% 151 (026 8

| Subtotal (35% CI) 383 388 100.0% 0.41 [0.21, 0.82]
Total events 11 27
Heterogeneity: Chi* = 4,03, df = 3 (P = 0.28); I = 26%
Test for overall effect; Z=2.53 (P =0.01)
3.1.3 ICU mortality
Mava 2005 & 45 L 45 20.5% 0.68 [0.26, 1.77] 2005
Ferrer 20086 13 74 14 B3 427% 0.72 [0.38, 1.38] 2008
Farrar 2009 & 54 11 52 25.8% 0.53 [0.21, 1.32] 2009

o 2013 ] 20 4 18 10.9% 040001 1.7

Subtotal (95% CI) 201 202 100.0% 0.59 [0.38, 0.93]

Tolal evenls 25 43
Heterogeneity: Chi* = 1.88, df = 3 (P = 0.58); I = 0%
Test for overall effect: £ =229 (P = 0.02)

Fig. 5 Preventive wse of NIV for patients who passed the SET,
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Role of Noninvasive Positive-Pressure Ventilation
in Postextubation Respiratory Failure: A Meta-Analysis

Ritesh Agarwal MD DM, Ashutosh N Aggarwal MD DM,
Dheera) Gupta MD DM, and Surinder K Jindal MD

Respir Care 2007;52(11) :1472-1479.

IRERFIRAZDEREFNHDIBEICHITSD
IRERIFIRAZE(CXT I DNIVD XA FEE




Study NPPV Control Risk Ratio (random) Weight Risk Ratio (random)
or Subcategory (nIN) {nIN) 86% CI (%) (95% CI)
01 Reintubation rates
Nava et al (2005) 4/48 12749 - 32.71 0.34 [0.12, 0.98)
Ferrer et al (2006) 9/79 18/83 —8 67.29 0.53 [0.25, 1.10]
Subtotal (95% CI) 127 132 - 100.00 0.46 [0.25, 0.84)
Total events: 13 (NPPV), M(Cumd}
= » =
Test for overal effect: z-z.ﬁd(P-umJ
02 ICU mortaity rates
Nava et al (2005) 3/48 9/49 —a—t 58.08 0.34 [0.10, 1.18)
Ferrer et al (2006) 2/79 12/83 —a— 41.92 0.18 [0.04, 0.76)
Subtotal (35% CI) 127 132 ol 100.00 0.26 [0.10, 0.66)
Total events: 5 (NPPV), 21
Test for heterogenety: Chi" =047, df =1 (P = 0.49),FF = 0%
Test for overal effect Z = 280 (P = 0.005)
03 Hospital mortaity rates
Nava et al (2005) 6/48 9/49 e 1 30.71 0.68 [0.26, 1.77)
Ferrer et al (2006) 13/79 19/83 ﬁ- €9.29 0.72 [0.38, 1.36)
Subtotal (95% C1) 127 132 100.00 0.71 [0.42, 1.20]
Total events: 18 (NPPV), 28 (Control)
Test for heterogenety: Chi* = 0.01, df =1 (P = 0.93), I = 0%
Test for overall effeck Z=1.29(P=0.20)
0.01 041 1 10 100
Favors NPPV Favors Control
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Early Noninvasive Ventilation Averts Extubation Failure
in Patients at Risk

A Randomized Trial
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Unitat de Cures Intensives | Intermédies, Servei de Pneumologia, Institut Clinic del Térax; and Area de Vigilancia Intensiva, Hospital Clinic,
Institut d’Investigacions Biomeédiques August Pi i Sunyer, Universitat de Barcelona, Barcelona, Spain

Am J Respir Crit Care Med Vol 173. pp 164-170, 2006

1) 65 _E
2) IHEDRREHILAE
3) APACHE T X O77h\ik

ULH

C12%1823




JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of Postextubation High-Flow Nasal Cannula
vs Noninvasive Ventilation on Reintubation

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

Gonzalo Hernandez, MD, PhD; Concepcién Vagquero, 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

HEFEEURVEBRENEVERAICSNT
HFNC(EAESRDNIVEEEER U T
BEREZ TFH TETDIN?




Methods

Zhtiag > >~ IMEIEER{ELEER
20128E9H ~2014F10F
Z/\’l’/ 3D ICU
S0RE & (dFisher & Payke | fEh\SIk&E= =
LTHX&D TWL\B

BIEIDTHEERDATL TIE. 2DMDICUHFisher
& Paykel Healthcaretth'SiEz=T I//Q—
D= Feh. SEIORZE TR EHE=

IF7ZICUEE \TL_CL\TCM,\




Patients

128 R E AT IIRSR 2 EAL. IRENTESN S

CTORNEBN IR

%T@MTMﬁ%ﬁtﬁﬁ\Eﬁ%UZOD“%W&

\/ E

— 6ok A . A TRz =E UICRADERNLAE,
ZFE L EDCOPD, IREFTEHDAPACHE I X 177428 k.

BMI3OLL £, MEEEFIEMDS Y A UR EZ S8 CUERRITFED
MEH DD, TLﬁ%kﬂLT%UH(+ﬁE&W§%@

RVDMREBESRATE T (CIR5I2E E) | 1EEDSBTAREL,
SHREN2MEZBZ 5. ATIFKER @ﬂab\mut
PROMEAE

- BENDNRAE, [EVIRHER. BHERETECSIRE. SBTH
(CE _FEM LR = IMAE




Weaning protocol

« UTOEGZmEBIELSBTZITD

— [FRMSEELTLD
— FIREE : Fi02=40%. PEEP <8cmH20. ZJARRID A X
pH> 7. 350)7|<1fF_CPFt|:>150

— Euu}—l_ ﬁ—% L-‘E le‘ﬁﬁ*ﬁgd)'ffﬁ'ﬂ%tﬂ\b 9'-|-}_ ﬁ'J
EdEE L/tmfdmb\@, L/u\CtAEE, (5 v >RKjm)
RIS=> . IRfAH140/53 K58, o>8 g/dl. @
<38°C. tEHFFHAE., MINFIENGDD. ﬁt}]?&%%
RN 35 B

« SBT(EITE —XRZFE/=(FPSTcmH,0T30-12053

e« SBTZ20V 7 UlcEBA (I TcDFINZSZTE (CR U,
SVEFHEE - ) - J:—\,félir'iﬁ(c_ﬁb\fﬂ)uﬂﬂﬂ

=D




Interventions
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Primary Outcome
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Secondary Outcome
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Statistical analysis
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5187 Patients assessed for eligibility

3976 Excluded
2431 Not intubated
621 =12 h Mechanical ventilation
551 Died before extubation
292 Had tracheotomy
21 Transferred
60 Lost to follow-up

1211 Receiving mechanical ventilation =12 h
assessed for eligibility using spontaneous

breathing test

607 Excluded
466 Low risk of reintubation

59 Hypercapnia during spontaneous

* breathing test

53 Do-not-reintubate order
14 Unscheduled extubation
15 Wo informed consent

604 Randomized

314 Randomized to receive noninvasive
mechanical ventilation
314 Received intervention as
randomized

v

2 Discontinued study or lost to follow-up

¥

314 Included in the primary intention-to-
treat analysis

312 Included in the per-protocol analysis

290 Randomized to receive high-flow
conditioned oxygen therapy
290 Received intervention as
randomized

L4

2 Discontinued study or lost to follow-up

v

290 Included in the primary intention-to-
treat analysis

288 Included in the per-protocol analysis

Results
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Table 1. Patient Baseline Characteristics

No. %}
Moninvasive High-Flow Conditioned
Mechanical Ventilation Oxygen Therapy
{n = 314} {n = 290} ‘
Age, maan {50), ¥ G444 (15.8) A4.6 (15.4)
LT THE (1] 5 e A ———
RPACHETT, medien (N :Figﬁmp (j:b'\)DE L)
ICU admission 16 {14-21) 16 (13.8-22)
Extubation 10 {B-12) 11 (8-12) APACHE2 (iﬁg¥1 6'1_‘I_‘__|‘
Lenth of WV Before 2tonatan, median o 0 70
Comorbiditias”
Body mass index =25° 74 (23.6) 74 (25.5)
Arterial hypertension 176 {56.1) 165 (56.9)
Heart disease 102 {32.5) 94 (32.4)
Meurologic disease 13 {23.2) 83 (28.6)
COFD 10 (22.3) 54 (18.6)
Othar respiratory diseasa Li] 88 ({30.3)
Dizbates mellitus 50 {28.7) 89 (30.7)
Canicer 55 (20.7) 48 (16.6)
Vascular disezse 227 21 (7.0
Renal failura 37 (11.8) 42 (14.5)
Hepatic disease 29 (5.5 31¢10.7)
Other comorbid conditions: 38 {12.1) 43 (14.8)
ﬁgh-n’sk factors for reintubation
*55 y 132 {58) 166 (57.2) = |J th thy L\G)b\‘
Heart failure as the primary indication for MV 31 {5.9) 16 (5.5) =] y
COPD 65 (20.7) 51(17.6) . I/EI\,Q:F‘JEZ ’_DLXJ:
APACHE Il =12 on extubation day" 128 {40.B) 131 (45.2) LEA
Body mass index >30° 62 (19.7) 63 (21.7) . fEI'.*I]J
Airway patency problems 10{3.2) 7(2.4) . APACHEZD\‘«I 2 £LXJ:
Inability ta deal with respiratory secretions &6 (21) A6 (12.8) AN
Difficult or prolonged weaning® a7 (27.7) 73(25.2)
=2 Comorbidities 218 (69.4) 204 (70.3)
Prolonged mechanical ventilation 120{38.2) 101 {34.8)

IDNE(IHFNCEE TR LY (5.5% vs 9. 9%)



High-risk factors, median (1QR), Mo. 3{2-4) 3(2-4)
Dizgnosis at admission®
Madical 186 {55.2) 154 (53.1)
Respiratory primary failure 121 {38.5) 93 (33.8)
ARDS' 26 (B.3) 27 (5.3)
Respiratory infection 48 (15.3) 37(12.B)
Exacerbated COPD 33 {10.5) 15(5.2)
Airway patency proalam 6 {1.5) 7(2.4)
Othar B{2.5) 12 (4.1}
Nonraspiratory primary failure 65 (20.7) 56 1(159.3)
Cardialagic 51 {16.2) 390(13.4)
MNeurologic 6 {1.9) 11{3.3)
Othar B {2.5) 6 (2.1)
Trauma 33 {10.5) 15 {6.6)
Traumatic brain injury 18 (5.7 10(3.4)
Surgical 105 {33.4) 127 (43.8)
Scheduled 15 {4.8) 27 (5.3) I
Mo. (%)
Maninvasive High-Flow Conditioned
Mechanical Ventilation Oxygen Therapy
{n = 314) {n = 290}
Type of surgery
Vascular 5 (1.6} 2{0.7)
Trauma 3 (0.9) £ (1.4)
Thoracle 2(0.6) (1)
Abdominal 44 (14) 63 (21.7)
Facial 1 (0.3) £ (1.4)
Neurosurgery 349 (12.4) 41 (14.1)
Other 12 (3.8) 5(1.7)
>1 type 6 (1.9) 5(1.7)
Baseline physiologic variables from spontaneous breathing trial prios to
extubation, mean (50)
Pao,:Fios, mm Hg 194 (37) 191 (34)
Paco,, mm Hg 39 (3.2) 41 (2.2)
Arterial pH 74002 7.39(0.3)
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TZ%L\) (10 vs
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Table 2. Primary and Secondary Outcomes

No. (%)
Moninvasive High-Flow Conditioned Difference
Mechanical Ventilation Oxygen Therapy Between Groups
(n=314) {n = 290) (95% CI1)*
Primiary outcome
All-cause reintubation® B0 [19.1) 66 (22.8) =3.7 (-9.1 to e=)°
Postextubation respiratory failure® 125 [39.8) 78 (26.9) 12.9 [b6.6 to =)

Figure 2. Kaplan-Meier Analysis of Time From Extubation to Reintubation
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Table 2. Primary and Secondary Outcomes

RERDIFIRAE
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-0.1 (-2.6 to 2.2)™ ﬁ}ﬁ QE_CO)H%FEﬁ

Mo. ()

Moninvasive High=-Flow Conditioned Difference
Mechanical Ventilation Oxygen Therapy Between Groups
(n=314) {n = 290) (95% CI)*

Secondary Qutcomes

Causes of postextubation respiratory failure p= g9
Respiratory acidesis® 21{6.7) 11 {3.8)

Hypoxia® 15 (6.1) 12 (4.1)
Unbearable dyspnea 26 (8.3) 21(7.2)
Decreazed Llevel of consciousness 7(2.2) 4(1.4)
Inakility to clear secretions 52 (16.6) 30 (10.3)

Cawses for reintubation p=.28"
Cardiorespiratory arrest (1) i
Agitation 1(0.3) 3(1)

Inability to clear secretions 20 (B.4) 13 (4.5)
Hemodynamic impairment? 10 (3.2) 14 {4.8)
Persistent postextubation respiratory failure’ 16 (5.1) 16 (5.5)

Nenrespiratory causes for reintubation
Surgery 4(1.3) 2(0.7)

Low level of consciousness” 6 (1.9) 15 (5.2)

Adverse pvents’ 135 (42.9) 0 (0] P < 001

Sepsis 4(1.3) 6(2.1) -0.8 (-3.3 to 1.5)™

Multiorgan failure 5 (18] 5(1.7)

Respiratory infection 14 (10.8) 2379 29(-1.8t0 7.6)
Ventilator-associzted tracheobronchitis 18 (5.7) 11 (3.8) 1.9(-1.6 to 5.5)
Ventilator-associzted pneumonia 17 (5.4) 12 {4.1) 1.3(-2.3to 4.8)

Time to reintubation, medsan (IQR), h 21.5 (10 to 47) 26.5 (14 to 33) -5 (-34 to 24)F

ICU length of stay. median (IQR) d 2 to9) 3(2to7) ] (=0.1 to 2.1y

Hospital length of stay, median (1QR), d
Mortality

Icu

Hospital

26 (16 to 37)

18 (5.7)
56 (17.8)

23 (14 to 46)

19 (6.6)
59 (20.3)

3(-6.5 to -0.8)"

-0.8 (-49¢t0 3.1}
-1.5 (-8.8 to 3.8
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Table 3. Exploratory Outcomes and Between-Group Differences in Physiologic Variables

MNoninvasive High-Flow Conditioned Difference
Mechanical Ventilation Oxygen Therapy Between Groups
(n=314) {n = 290) (95% CI)®
Exploratory outcomes, No. (%)
Respiratory-caused reintubation 50 (15.9) 49 (16.9) 1(-4.9to 6.9)
Physiologic variables
Fio; 12 h postextubation, median (1QR) 40 (35 to 50) 35 (30 to 40) 5(-1.7 to 8.3)"
Gas-flow 12 h postextubation, mean 50 (5)
(S0}, Lfmin
Length of NIV, median {IQR), h 14 (8-23)
Pao,:Fio,, mean (S0}, mm Hg* 104 (32) 99 (2) P=.83"
Paco,, mean (50), mm Hg® 47 (2.8) 46 (3.1) P=.67"
Arterial pH, mean (SD)° 7.37 (0.03) 7.38 (0.05) P=.57"
Abbreviations: IQR, interguartile range; NIV, noninvasive mechanical B Mann-Whitney U test,
ventilation. © Analysis including postextubation respiratory failure and reintubated
? Data are expressed as difference (95% CI) except as otherwise indicated. patients only.

Figure 3. Kaplan-Meier Analysis of Time From Extubation to Death
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P LEE A
i 17. 8% vs 20. 3%
0+-= . - - . =-2.5 (95% -8.8 to 3.8)

0 7 14 21 28
Days After Extubation
Ma. at risk
High-flow oxygen therapy 282 223 144 101 T8
Noninvasive mechanical ventilation 308 261 187 112 79 Patients censored in the first

24 hours are not included.




Discussion
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