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® Forma dechové podpory (cdstecné alternativa nebo
doplnéni NIV)

® Pritoky 30-40l/min ( u dospélych az 60 |/min O2)
® Zvihéend smés O2+vzduch
* Specidlni nosni kanyla

* Nizsi inspir.odpor/vy$si expiraéni odpor

active humidifier
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Table 3 Practical recommendations. Flp, , fraction of inspired oxygen; Sag,, arterial oxygen saturation; HFNO, high-flow nasal oxygen
therapy

Settings

Prongs e Prongs should not totally occlude nostnls

Flow rate o Start at 30-40 litres min ™ and increase to meet the patient’s demand

Temperature e Set at 37°C

Flp, » Increase the Flp, untl satisfactory 5ap, is achieved

Flow » Increase the delivered flow until a reduction in respiratory rate and stable Sap, is achieved

Water reservolr e Place as high as possible above the hurmidifier

Monitoring « Continuous momnitoring of heart rate, respiratory rate, Sag,

Positive response o Gas flow rate and Fl, adjusted according to the clinical response (expected within 1 h).
and weaning

» Reduce Flp, by 5-10% and reassess after 1-2 h. Reduce the flow rate by 5 litres min™ and reassess after 1-2 h.
« Consider weaning from HFNO with flow rates <25 litres min™ and H,, <0.40.
Ineffective response o If there 15 no improvement after 60-120 min, treatment escalation must be considered.

O ventilation.* They reported that early indicators of HFNO
failure could be lack of improvement in oxygenation and
persistence of tachypnoea, as defined by a respiratory rate
higher than 30 breaths min’ and thoraco-abdominal asyn-
chrony 30 min after HFNO initiation.®*” Other factors associ-
ated with failure are shock requiring administration of
vasopressors, a Sepsis-related Organ Failure Assessment
(SOFA) score of 4 or more, an Acute Physiology and Chronic
Health Evaluation II (APACHE II) =12 on admission and a
Pag, /Flg, ratio <13.3 kPa after 6 h of treatment. %/
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High-Flow Oxygen through Nasal Cannula in Acute Hypoxemic

Respiratory Failure
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Incl: RR nad 25 /min, oxygen.index 300 mm Hg a méné p¥i O2 10l/min po 15
min Exl.: paCO2 nad 45 mm Hg, astma, CHOPN, vasopresory

® Primdrni outcome: OTIl do 28 dnu

® Sekunddrni outcome: ICU mortalita, 20 denni mortalita, ventilator free days

ning respiratory

vo of the following criteria: a respiratory rate of
1ore than 40 breaths per minute, a lack of im-
rovement in signs of high respiratory-muscle
vorkload, the development of copious tracheal

secretions, acidosis with a pH of less than 7.35,

n SpO, of less than 90% for more than 5 minutes
vithout technical dysfunction, or a poor response
0 oxygenation technigues (details of the criteria
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Table 1. Characteristics of the Patients at Baseline, According to Study Group.* A Overall Population Table 2. Primary and Secondary Outcomes, According to Study Group.
1.0
. High-Flow Oxygen  Standard Oxygen  Noninvasive Ventilation . 09 Qutcome Study Group PValuef  Odds Ratio or Hazard Ratio 857% C)
Characteristic (N=106) (N=594) [N=110) :g 05
’ High-Flow ~ Standard ~ Noninvasive Standard Noninvasive
Age—yr 6116 59:17 6117 £ o071 Orjgen  Oxygen  Ventilation Oxgenvs.  Ventilationvs.
Male sex — no. (%) 75 (71) & (67) 74 (67) "g 064 (N=106)  (N=34)  [N=110) High-Flow Oxygen High-Flow Cxygen
) § o034 Monimvasive ventilation  [ntybation at day 28
Body-mass index} 2515 265 2616 3 Standard axygen
E 041 High-flow oxygen Overall population 018 145 (081255 165 (036-234)
SAPS I 259 FLE] 279 £
= ™ No. of patients i 4 55
Current or past smoking — no. (%) 34 (32) 36 (38) 40 (36) F 0.2
0T patients -, -
‘ o acut atory 3 . % of patients (95% CI 38 (29-47) 47(37-37) 50 (41-59
eason for acute respiratory failure — no. -
piratary ai (%) - P=0.17 by log-rank test Patients with Pao;:Fio, <200 mm Hgj
. . . b T T T T T T 1
Community-acquired peumonia 71 (67) 57 (61) 69 (63) 0 ¢ 8 m 1w  » #  x® Unadjusted analysis 0003 207(L03394) 257 (L37-484)
- - - ince Enrollment
Hospital-acquired pneumonia 12(1n 134 12(11) - Days since Enrolime No. of patiens;total no. w4
. I
Extrapulmonary sepsis 4(4 503 7(6) High-flow oxygen 06 &8 &7 & 65 65 &5 &5 % of patients (35%Cl) 15 (2646) 53 (42-64) 58 (47-83)
Standard cxygen 94 52 50 43 43 45 48 48
Aspiration ar drowning 3 {}) 1 (1) 2 (2] Moninvasive ventilation 110 &4 57 53 53 53 53 52 Adiusted analysis] _ _ _ 0.01 L14(L08-422)  2.60 (1.36-496)
Pneumania related to immunosuppression 6 (6) 414) 10(9) B Patients with a Pao,:Fio, <200 mm Hg Interval betweega eprollm;nt and
Other 1009) 14(15) 10(9) 107 tubaton —hr
Bilateral pulmonary infitrates — no. (%) 79 (75) 30 (85) 85 (77) 097 Overal pouiton o - -
) _ 5 03 Median 7 15 7
Respiratory rate — breaths /min 336 32:6 3347 kS
'é 07 Interquartile range 146 5-39 LR1]
Heart rate — beats/min 106221 104216 106£21 =
"E' 0.6 Noninvasive ventilation Patients with Pao,:Fio, 200 mm Hg 032 — —
Arterial pressure — mm H ey ndard
P g § o5 Standarc ceygen Median % v 7
. o
Systolic 1722 e — HC , Interquartle ange 46 s R
Mean 87217 89:15 36116 3 Highfow ongen
£ 0 Reason for intubation — no ftotal no. (%)
. E
Arterial blood gas g Respiratory fallure WS 43R4 46T 024 - -
pH 7.4320.05 7.4420.06 7431006 ol P=0.009 by logorank test Circulatory falure USL(4)  5SEE) SET() 046 = =
Pao,— mm Hg 85:31 92:32 90436 ool A Neurologic failure y51(6) 1058(17) 13/67(19) 081 - -
Fio,§ 0.62:0.19 0.63:0.17 0.65£0.15 Days since Enrollment entilator-free days
Pao,:Fio, — mm Hg 15789 161273 149:72 :;‘hﬂ :f:wen n 55 54 54 53 = = = Overall population 244 2410 19:12 0.02 - -
Paco,— mm Hg 1626 3545 3416 Sendardongen oo oo woooBo0woo®oo® B2 Patints with Pao,Fio,<200mmHg 248 20:00 1812 <0001 - -




Table 2. (Continued.)

Outcome Study Group PValuet  Odds Ratio or Hazard Ratie (95% CI)
High-Flow  Standard  Moninvasive Standard Moninvasive
Oxygen Chygen Ventilation Chtygen vs. Ventilation vs.
(M= 106} [M=294) (MN=110) High-Flow Cuygen High Flow Cxygen
fém
In ICU
Unadjusted analysis 0.047  1.85 (0.84-4.09)  2.55 (1.21-5.35)
MNo. of patients 12 13 7
% of patients (95% CI) 11 (6-1%)  19(12-28) 25 (17-33)
Adjusted analysis** — — — — 2.55 (1.07-6.08)  2.60 {1.20-5.63)
At day 90
Owerall population
Unadjusted analysis 002  2.01 (L.01-3.99)  2.50 (1.31-4.78)
Mo. of patients 13 22 31
5 of patients (95% Cl) 12 (7-20) 23 (16-33) 28 (21-37)
\ Adjusted analysis** — — — — 2.36 (1.18-4.70)  2.33 (1.22-4.4
Intubated patients 0.16
MNo. of patients ftotal. no. 12/40 20/44 27/55
% of patients (95% Cl) 30 (18-46) 45 (32-60) 49 (36-62)
Cause of death — no.ftotal no. (3¢)
Refractory shock 6/13 (46) 1222 (55)  18/31 (58) 0.04
Refractory hypoxemia 5/13 (38)  6/22(27) /31 (26) 0.73
Cardiac arrest 1/13 (8) 1/22 (5) 3/31 (10) 0.52
Other 1/13 (8) 322 (14) 231 (6) 0.52
Mo. at Risk

High-flow cxygen
Standard cxygen

r the reasons for intubation. In our study, non-
nvasive ventilation that was administered to
tients with severe lung injury could have in-
reased the incidence of ventilator-induced lung
njury by increasing tidal volumes that exceeded
ml per kilogram of predicted body weight 3234

1.0

0.9+ g

High-flow ccygen
0.8

"% Standard oxygen
0.7+ Moninvasive ventilation

0.6

0.5

0.4

0.3

0.2

Cumulative Probability of Survival

0.1
P=0.02 by log-rank test

0.0 T T T T T 1
0 15 E ] 45 &0 75 90

Days since Enrollment

106 100 o7 54 94 93 93
o4 B4 il 77 T4 73 72

Monimvasive ventilation 110 93 6 B0 79 T8 Fr




Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of Postextubation High-Flow Nasal Cannula

vs Conventional Oxygen Therapy on Reintubation

in Low-Risk Patients ¥
A Randomized Clinical Trial 264 Included In primary analysis 263 Incleded in primary analysis

Gonzalo Hermandez, MD. PhD: Concepcion Vaquero. MD: Paloma Gonzalez. MD: Carles Subira. MD: Fermando Frutos-Vivar, MD:z
Gemma Rialp, MD; Cesar Laborda, MD: Laura Colinas, MD: Rafael Cuoena, MD; Rafael Fernandez, MD, PhD

Table 2. Primary and Secondary Outcomes

criteria for low risk of reintubation: younger than 65 years*-;

- . - - . . Ouygen Therapy .
absence of heart failure as the primary indication for mechani- _ T el e
cal ventilation**; absence of moderate-to-severe chronic ob- :’fﬂ:umm (n=2649) (n-263) (%0 i
: : 15, : :
structive pulmonary disease ~; Acute Physiology and Chronic All-cause raintubation, No. (%) 13(49) 32 (122) 72(250122) 004
Health Evaluation (APACHE) Il score less than 12 points on day Secondary Outcomes
Elf Em]bﬂtiﬂndj; bﬂd}r mass i'l'llj.E':'[ ].E'ES thﬂ]'l 30 I:CE]CI]]EIE[[ as Eoslm?lhatinn respiratory failure, 22 (8.3) 35 (14.4) 6.1 (0.7 to 11.6) 032
[iR

weight in kilograms divided by height in meters squared)®-'%; Respiratary infection, No. (%) 62 13449 27(-06t062) 07
EI.bSE'l'.I.CE' Dfﬂjl"l'fﬂ}’ ]]EltE'l'.I.C_? p'l'll:l'b]ElTlS il'.l.C].]]ljjI].g hlg].'.l. 1_151{ 'Df-le- ) Ventilator-associated tracheobronchitis 3(L1) 7{2.6) 1.5(-1.0to 4.4) 22

1 . ] 'EEIlIE'Ij A d_ ’ 2 . g 1 £ 5. bﬂ Ventilator-associated pneumonia I(1.1) 6(2.3) 1.2 (-1.2t0 3.9) 317
j.rE IDI E g . ema {E PP‘?“ Hsln upp ETIET ::I ;4 B Causes of postextubation respiratory
ity to manage respiratory secretions (adequate cough reflex o Al

M . . . . . 5 17 Respiratory acidosis® 1(4.5) 4(10.5)

suctioning <2 times within 8 hours before extubation)*-"; — - e
simple weaning (eAppendix 3 in Supplement 2)°; fewer than T 9(403)  14(289) 100
2 comorbidities (eAppendix 4 in Supplement 2)°; and no pro- Decreased level of consciousness 2(9) o

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

longed mechanical ventilation, defined as longer than 7 days.'®

igure 2. Kaplan-Meier Analysis of Time From Extubation
o Reintubation

High-flow oxygen therapy (Optiflow; Fisher & FPayke
Healthcare) was applied immediately after extubation through
nasal cannula. Flow was initially set at 10 L/min and titrated
upward in 5-L/min steps until patients experienced discom-
fort. Temperature was initially set to 37°C, unless reported too
hot by patients, and F10. was regularly adjusted to target
peripheral capillary oxygen saturation (Sp0.) greater than 9224.
After 24 hours, high-flow therapy was stopped and, if neces-
sary, patients received conventional oxygen therapy.

Conventional oxygen therapy was applied continuously
through nasal cannula or nonrebreather facemask, and oxy-
gen flow was adjusted to maintain Sp0., greater than 922%.

Conwentional therapy

’_'—'_'_'_'_'_IJ_‘ High-flow therapy

24 48 72
Hours After Extubation

Reint ubation, %

0. at risk
Conventional therapy 263 244 236 31
High-flow therapy 264 255 252 251




i Intervention/Experimental
Study population e Qutcome

Significant difference in respiratory rate, SpO, at 30 and
Ko et al. [36] Patient suspected of

(Randomized pulmonary edema due to  HFNC (n = 36)
controlled trial) heart failure

60 minutes (improved in HFNC group) Significant
difference in ABG parameters (Pa0s and Sp0s) at 30 and

60 minutes (improved in HFNG group)

Makdee et al. ED patients with G60-minute respiratory rate significantly lower in HFNG
[37] (Randomized cardiogenic pulmonary HFNC (n = 63) group Lower respiratory rate at 15 and 30 minutes in
controlled trial) edema HFMNC group

Sener et al. [4]
(Prospective
observational
study)

Patients with HFMNC shortens the length of stay in both emergency and
hypertensive pulmonary HFNC (n = 62) intensive care unit HFNC shows better results in terms of
edema heart rate, respiratory rate, and ABG parametars

Post-extubated patients o . . .

Chang et al. [38] ) ) ) Mo significant difference in treatment failure between two
with heart failure with HFNC (n = 58) i

(Cohort study) o ) groups in 72 hours
ejection fraction <50%

HFNC, high-flow nasal cannula, COT, conventional oxygen therapy; NIPPV, non-invasive positive-pressure ventilation; ABG, arterial blood gas;
Sp0,, oxygen saturation; Pa0., partial pressure of oxygen; n, number of participants; ACPE, acute cardiogenic pulmonary edema
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Benefits of High-Flow Nasal Cannula Therapy for

Acute Pulmonary Edema in Patients with Heart
Failure in the Emergency Department: A Prospective
Multi-Center Randomized Controlled Trial

Dong Ryul Ko L4, Jinho Beom .10, Hye Sun Lee 30, Je Sung You L, Hyun Soo Chung 1%
and Sung Phil Chung '

® Incl: AHF s plicnim edémem na RTG Excl.:AHF de
novo, GCS 8, susp. AIM, CHD, CHRI 4,5

® Primdrni outcome: zmény RR, ABR a laktdt

clearance

® Sekunddrni outcome: intubace do 24h, ICU, 28

denni mortalita

In the conventional oxygen therapy group, oxygen therapy was commenced using a conventional
nasal cannula at a flow rate of >2 I/min. The flow rate was continuously adjusted within the
conventional nasal cannula or face mask to maintain an SpO; of >93%. In the HFNC group, oxvgen
therapy was applied using large-bore binasal prongs and a heated humidifier (MR850, Fisher & Paykel
Healthcare Limited, Auckland, New Zealand) with a flow rate of 45 [/min and fraction of inspired
oxygen (FiOz) of 1.0 at initiation (Optiflow, Fisher and Pavkel Healthcare, Auckland, New Zealand).
The FiO; (from 21% to 100%) and flow rate (up to 60 L/min) in the system were adjusted to maintain an
Sp0; of >93%. In the study protocol, all patients had to undergo treatment with the assigned modality

oxygen therapy with either the conventional nasal cannula or HFNC. Early termination criteria
included failure to tolerate the therapy (respiratory rate > 35 breaths/min, Sp0O; < 90%, PaOy/Fi0; <

200 mmHg, pulse rate > 120 beats/min or a > 30% increase above the baseline and a noninvasively

measured I:.-re—infen'enl:ic-n mean arterial pressure >

30% hlp;her than that at the baseline or signs of

respiratory distress (e.g., tachypnea, use of accessory muscles of respiration, and abdominal paradox),

and clinician judgements (when immediate intervention was required due to worsening of the levels

of anxiety, agitation, and consciousness compared to those at the pre-intervention timepoint). If one or




215 Patients suspected of pulmonary edema due
to Heart failure

ﬂl& Excluded \

72 §p02 > 95%

18 Suspectedmyocardial mfarction

20 End.stage renal disease or GFR <30

1 (Glasgow Coma Scale <§

10 Cases of transfer from anothes healthars
institution following the stabilization of

Table 2. Coni.

symptoms T _ Conventional O, High-Flow Nasal
24 Poor chance o suvival dueto pre-isting ) otal (n =72) The G C 12 G
condition (14 DNR due toteminal disease, 10 Variable rapy ‘sroup annula Lroup p-Value
( oRmmed ) \ b Mean +SDorn (%)  (1=33,49.3%)  (n=34,50.7%)
Arterial Blood Gas Analysis
pH, imtal 7.36 + 0.09 7.38 +0.07 7.34 +0.11 0.063
pH, 30 min 7.39 +0.07 7.39 + 0.06 7.39 +0.07 0.788
[ 36 High-Flow Nasal Canmla ] [ 33 conventional Oxygen Therapy ] pH,. G50 min 7.40 + 0.06 7.40 + 0.06 7.40 + 0.06 0.595
Pa(), initial 7086 + 1732 7191 + 1978 6084 + 1479 (1529
i Pa0, 30 min 87.79 + 34.46 75.23 + 19.87 99,98 + 41.00 0.003 *
: Pa0, 60 min 90.62 + 36.79 73.25 + 13.02 107.47 + 44.15 <0.001*
Fal Uk, mmtal 3185+ 1044 3UEY £+ 6,18 376+ 1517 U124
PalC 4, 30 min 31.97 £ 8.21 3261 +£7.13 31.35 £9.20 0.532
PaCO,, 60 min 3191+ 722 3230 £ 6.22 3154+ 814 0.670
| stbiov NestComis | | 53 comenons Ogpn Ty | SpO, (%), initial 02.69 + 3.79 02.55 + 4.01 02,83 + 3.63 0.765
05, 30 min 95.30 + 3.55 Y3.86 + 3.38 96.71 + 3.17 0.001 %
E;;Dz, 60 min 95.71 + 3.07 03.99 + 2.64 97.38 +2.51 <0.001 ‘]
Total (1=72) Conventional 0;  High-Flow Nasal Lactate (mmol/L)
Variable Therapy Group Cannula Group p-Value
MemiSDon() BT Gomur Initial 2.39 +£2.02 201+ 178 277 +2.20 0.126
- 60 min 1.82 + 1.31 1.890 +1.55 175+ 1.4 0.666
Respiratory rate (bpm)
Inital 278£399 2518351 BNk 001 Echocardiography After ED visit
30 min B75£330 U531 ne§=34 Do Ejection fraction (%) 40.15 + 13.12 40.36 + 15.23 39.94 + 10.92 0.896
B0 min 2731 pNL3%  Amesw o Valve disease 18(26.87) 8(24.24) 10(29.41) 0.633
Sp0z (%) Intubation 2(2.99) 1(3.03) 1(2.94) 0.999
Initial 9141 £589 0255+ 378 9031£7.29 0.120 ICU admission 18(26.87) B(24.24) 10{29.41) 0.633
;gx; 3;2:3;; z:g:;‘; iﬁiji zg% \ * p < 005 PaO;: partial pressure of oxygen, PaCO,: partial pressure of carbon dioxide, SpOs: peripheral

oy EEn saturation.
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Fig. 2C. Note that increased symmetrical nare occlusion

Asymmetrical nasal high flow ventilation improves clearance of CO, from the

anatomical dead space and increases positive airway pressure

@ Stanislav Tatkov,! Monique Rees,! Anton Gulley,! Lotte G. T. van den Heuij," and Georg Nilius?-3
Fisher & Paykel! Heailthcare Lid.. Auckiand, New Zealand; 2Evang_ Kliniken Essen-Mitte GmbH, Essen, Germany, and

FUniversitat Witten/Herdecke, Witten, Germany

does not improve dead-space clearance, and significantly
worsens it at higher RRs (P < 0.05). However, a similar
increase in nare occlusion with the AI significantly

15 min (TiTe 1:2)

28 min! (Ti:Te 1:2) 35 min! (Ti:Te 1:1)

45 min' (Ti:Te 1:1})

improves dead-space clearance (P < 0.05). The dead space

£ £ £ e - cleared at a RR of 15 min~" and NHF 60 L/min was not

‘;’ﬁ}kﬁ;f\gﬁ — Faol\/  Fw \/\ exp significantly different between the SI and the Al [-1L40=

T it Vi Ui 6.25% (P = 0.05)]. Nevertheless, at an RR of 35 min ! the SI
Time {5} Time {5} Time {5} Time {5}

clearance decreased compared with the control, and the AI

B Symmetrical Large Symmetrical Control Asymmetrical
_ @® - ® @ _ ® ® clearance increased, resulting in a significant difference of
£ 100 # 400 £ q00 |
B E E | 290.64 £9.96% (P < 0.05).
g § g p— — - Symmetrical NHF Asymmetrical NHF
SL 5 1 g 50 g 50 A ! .
'
: | dd : II il H
'g =]
g ] s 0 g -
15 25 35 45 15 25 35 45 15 25 35 45 . i
Respiratory Rate (min™") Respiratory Rate (min”") Respiratory Rate (min') Inspiratlun
C Symmetrical Large Asymmetrical
— 50+ —_ S50~
= &
‘.E’ 404 E 404
5 304 5 301 b
E 20 ‘é 20+ Occlusio'\n area || Leak area
= 104 = 10+ ]
@ l. & XL 'ﬂ i L
E n_l.I.__t._*__.'__TT " ) T 04 . . . .
a -104 O -10-
= - =]
-20- -20-
15 25 35 45 15 25 35 45
Expiration
15 s 35 as 15 25 35 45
p=1.00 p=0.01 p=0.27 p=0.99 MNHF 20 | p=0.01 p=0.01 p=0.01 p=0.0L - -
p=0.99 | p<0u0l | p=0.21 p=0.01 | p<0.01 | p<0.01 | p<0.01
p=0.91 p=l0l p=0.01 P=0.97 p=0.35 p=0.01 <001




A

Confirol @ 18 min (Ti:Ta 1:2) COPD1 ;1B minct (Ti:Te 1:3) COPD2 : 18 min! (Ti:Te 1:2)

= &0 E‘ 80
i \/,f\ 5 « =t \r_/\ s
= Ex
= :g 1858 ,_.E_ ﬁ 1283 E ﬁ 080 s ’
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Time (s) Tirme {8} Tirme (3)
B symmetrical Large
= 100- ® @
ﬁ 50- == NHF 20
= == NHF 40
COPD 1 with a prolonged expiration (Ti:Te 1:3) and COPD 2 2 go- = NHF &0
(Ti:Te 1:2) with intrinsic PEEP, characterized by a higher ex- -
piratory flow just before expiration ended. A normal breath- @ 40- Asymmetrical
ing pattemn (Ti:Te 1:2) was taken as the control. The time to & I @ @
- 20- i
= = NHF 20
8  0- B NHF 40
T T T mm hNHF 60
Control COPD 1 COPD 2
Control COPD 1 COPD 2
Abdean (Std) % Abdean (Std) % Ablean (Std) %
32.62 (6.15) 43.59 (9.8) 45.93 (12.21)
b p<0.0001 p=0.0001 p<0.0001
7.39 (2.73) 13.09 (7.72) 38.47 (4.66)
I p=0.0069 p<0,0001 pe.0001
R— 2.41(1.53) .63 (6.15) 25 48 (3.38)

p=0.8492 p=0.0001 peD.0001




