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Pathophysiology of COVID-19
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Simplified schematic of proposed pathological changes in severe acute respiratory syndrome coronavirus 2 infection. The three main portals

of entry into the respiratory tract are through the eye, nasal cavity and oral route, with the latter also leading to infection of the gastrointestinal tract. In the
respiratory tract, infection of pneumocytes leads to exudation of fibrinogen and hyaline membrane formation, followed by diffuse alveolar damage with
hypoxia. Stimulation of macrophages and bronchiolar epithelial damage causes cytokine release into the alveolar spaces and into the blood. Either virus
infection of endothelium or cytokine release activates the renin-angiotensin-aldosterone system, producing a pro-thrombotic tendency, with the formation of
thrombi, mainly in the pulmonary vasculature. Either viraemia or cytoki ia in the sy ic circulation damages the brain, pancreas, kidneys, heart and

liver producing a number of organ-spedfic changes, in addition to the increased thrombotic tendency. The multi-system damage is
troponin and liver enzymes in the blood, and the release of factors aggravates the pro-thrombotic tendency
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COVID-19: [R5 i FE e

Disease severity

Non-severe Severe Critical

Absence of signs Sp0,<90% Requires life
of severe or on room air sustaining treatment
critical disease
Respiratory rate Acute respiratory
>30 in adults distress syndrome
Raised respirataryﬁ Sepsis
rate in children
Septic shock
Signs of severe
respiratory distress

Infographic co-produced by BMJ and MAGIC; designer Will Stahl-Timmins (see BMJ Rapid Recommendations).

Non-severe disease (mild or moderate)

Symptomatic patients (Table 6.1) meeting the case definition for COVID-19

Mild disease without evidence of viral pneumonia or hypoxia.

See the WHO website for most up-to-date case definitions (7).

Adolescent or adult with clinical signs of pneumonia (fever, cough,
dyspnoea, fast breathing) but no signs of severe pneumonia, including SpO-
2 90% on room air (86).

Child with clinical signs of non-severe pneumonia (cough or difficulty
breathing + fast breathing and/or chest indrawing) and no signs of severe

pneumonia.
Moderate Fast breathing (in breaths/min): < 2 months: 2 60; 2—11 months: 2 50;
disease Pneumonia 1-5 years: = 40 (87).

While the diagnosis can be made on clinical grounds; chest imaging
(radiograph, CT scan, ultrasound) may assist in diagnosis and identify or
exclude pulmonary complications.

Caution: The oxygen saturation threshold of 90% to define severe
COVID-19 was arbitrary and should be interpreted cautiously. For example,
clinicians must use their judgment to determine whether a low oxygen

COVID 19 Clinical management, Living guidance 25 January 2021, WHO
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1. The spectrum of COVID-19 iliness (Gupta A, Nature Med 2020)

Presymptomatic phase
Hospitalisation

SARS-CoV-2 viral load ~——

Severe
iliness

o

'l
’," Mild-
/. moderate
! iliness

Antibody response to SARS-CoV-2 ===--

1
-5 0 2 4 6 8 10 12 14
Time since symptom onset (days)

11

SARS-CoV-2

Viral replication Viral shedding

Systemic pro-inflammatory
response

10 days 20 days 30 days

Time from onset of symptoms

FIGURE 1. Viral replication begins prior fo the onset of symptoms and continues for roughly 10 days after the onset of
symptoms, although the duration may be longer among patients who are immunosuppressed or have severe illness. A systemic
proinflammatory response may commence within 10 days of the onset of symptoms and can be progressive, causing the
patient to become severely ill.

Curr Opin Pulm Med 2021, 27:169-175



Stage | Stage Il Stage IlI
(Early Infection) (Pulmonary Phase) (Hyperinflammation Phase)
2 na ! m !
@ 1 I
£ 1 I
= | I
B I
z
§ 1 Host Infla
A I ! I : ] Benefit
I Time Course | demonstrated
Mild constitutional syrrpt Shortness of breath without
Fever > 99 6°F : (HA) and with hypoxia (I1B) : o
symptoms H  (Pa0,/Fi0, <300mmHg) o Cardiac failure . Benefit unclear
Clinical ! Abnormal chest imaging | JTe— inflammatory markers
signs Lymphopen 1 Transaminitis ] (CRP, LDH, IL-6, D-dimes, ferritin)
1 Low-normal procaictonin I Tropomn NT- meNP elevation

Siddiqi. ) Heart Lung Transplant. 2020;39:405
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Oxygen support: 2426 E F

- KM ESER (Flow < 10 L/min)

— £ 785 (Nasal cannula, NC)

— AEEEAYIE = (simple face mask, SM)

— BT AMEE 22 (Non-rebreathing mask, NRM)
« ERESS (Flow >=10 L/min)

— Venturi mask

— EiES2E (High-flow nasal cannula, HFNC)

— JESEE ML 2% (Non-invasive mechanical
ventilation, NIV)

— (ZEEMIFI 2% (Invasive mechanical ventilation, IMV)

Clinical management of patients with
COVID-19

* Improving patient outcomes e.g. by
avoiding the need of tracheal
intubation

* Maintaining HCW safety e.g. by
avoiding an increased in widespread
nosocomial transmission

HCW: Health Care Worker



Balance between Patient’s outcome and HCW safety

Patient’s outcome HCW safety

HCW: Health Care Worker

Management of COVID

- 20 % infected patients developed into hypothermia, and 10% of
patient require intubation and mechanical ventilation support.

Figure |. Mecharical ventilofor for poaltive prewues ventilation




Oxygen support in COVID-19 AHRF

* Non-invasive oxygen support (NI-OS)

— NIV (BiPAP, CPAP), HENC, Non-
rebreathing face mask

* Invasive oxygen support
— Early IMV

AHRF: Acute Hypoxemic Respiratory Failure
NIV: Noninvasive ventilation

HFNC: High flow nasal canuula

IMV: Invasive mechanical ventilation

Noninvasive respiratory support for
AHRF

[ Noninvasive respiratory support for acute hypoxemic respiratory failure ]

[ Noninvasive ventilation: CPAP and Pressure Support Ventilation (PSV) ]

|

[ High-flow nasal oxygen ] [ Facemask ] [ Helmet ]

‘)
L1

Intensive Care Med (2021) 47:851-866



Low flow oxygen system

Maximal flow : 15 L/min

ZA%OZEI’]FIOW\IK{%VHUEAFAEI’JWnute
ventilation (MV) > Rt #E9%E A K@ B

room air » R4S THIFIO2E B (LA B E

78 I A EVEIE A > MV <10 L/min ~
RR<25 =i Tidal volume <700-800 ml

Nasal cannula, Simple mask

Non-rebreathing mask (10-15 L/min = FiO2 0.6
-0.95)




High flow oxygen system

« 457 020flow > 3 fZEHIMV > [RIELA I A
room air H] DAAERF—EHYFI02
— COPD =¢ ARDS ?

* Venturi (air-entrainment) mask > High Flow
Nasal Cannula (HFNC)

* Invasive mechanical ventilation (IMV)

Venturi mask




High Flow Nasal Cannula (HFNC)

e Light weight ® Soficinoeat
Promotes patient comfort and compliance. Provides mat:ugmum comfort for clear patients.
o Kink resistant ° :
Ensures a smooth airflow for patient safety. m::jr:ble P " fits
over the patients ears and the interface tube
allows to move comfortably and freely.

ey

@ Universal connector
Compatible with most heated wire breathing
circuits.
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\
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o FHIZ N A BREBRKRRHA
BEH > T ITURBFHER
I F X ER%

o X EBALI LB AR AR
Brig ~ ZEMB A vk R E

o it X IR ZERH
> CXR

> Chest CT

Radiology:cardiothoracic imaging Published Online:Feb 13 2020
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R R e B (3)

o ¥ B BISARS-CoV-2E £ &5
B REARBILIT R 0 B 'H%ii
#EEFRR GBI 0 I
EF&EX X5 BB RINEHRHE 75&

74 5% 4oL %, % 25 SARS-CoV-2 &k,
},i, BT 0 JE 8 % 4% A Nebulizer %

A% X 5% » T4# A Dry-powder
inhaler (DPI) 2 Metered-dose

inhaler(MDI)

When to intubate the critically ill
COVID-19 patient

e Patients’ tracheas may be
intubated earlier in the course of
their illness than in other settings

e A low threshold for intubation

e |fSpO2 < 92% or unstable work of
breathing (at: NRM at 12 LPM or
Venturi mask at FiO2 60%)

Lancet Respir Med 2020 Published Online Apnl 6, 2020
Brigham and Women's hospital protocol - COVID 19 clinical guideline
Surviving Sepsis Campaign guideline on management of COVID 19 Cnit Care Med 2020




i3] FX4ET
(Rapid sequence intubation) (1)
o BEUREL KT RER ———
Ko RLIEREEA 0 2B
ANBRBAFET HRERAR
o HLEFHMTEMARELK
th 12 1 RE AT
o HATHE H LBBTEIEE
WNREEA BHER
o T LALE RIBET R

RS FHE HUBRAESARS CoV-2)k i AR B85 2020437258 B2 ni—

Anesthesia 2020 Mar 27. doi: 10.1111/anae.15054. [Epub ahead of prinf] From A4S, & 6 MANT RRE S

B3| S XET
(Rapid sequence intubation) (2)

AEBRAAS XA FHERRE M ERTR
RB REPZBTHERE » HERAR
AdE#EDR T ARNER T FX3EE (Rapid
sequence intubation) -

ERANA B EFRE > THEAF AR E
AR BATON 483 E AT £ 2. (Pre-
oxygenation) » #t B R & R dd A B AR EK
J& #: 5. (Ambu-bagging) -

PATHE & 05T 34 Bh #4845 5 B4 (Video-
assisted laryngoscope) & i# 47 o

R BEATBRBERN  ARA EHER
% % th3h % % (Closed system suction) -
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nasal cannula f T—

igh-flow nasal cannuda crygenation [HENCO) device. An aidoxygen blender allowing FiO, ranging fiom 0.21 10 1.0, genenstes flows of up

{
1o 60 Lrin The gas & heated and Fumidified by an active beated humidifier and deliverad via a single limt

High flow nasal cannula (HFNC)

capable of delivering high flow of 30—60L/min
precise fraction of inspired oxygen (FiO,)
heated and humidified gas
enhancing patients’ comfort

better outcomes

Intensive Care Med (2016)



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

High-Flow Oxygen through Nasal Cannula
in Acute Hypoxemic Respiratory Failure

| r
106 Were assigned to 96 Were assigned to 111 Were assigned to non-
high-flow—oxygen group standard-oxygen group invasive-ventilation group
——=| 2 Withdrew consent ——=| 1 Withdrew consent
J v

310 Were included in the analysis and in the 90-day follow-up
106 Were in the high-flow—oxygen group
94 Were in the standard-cxygen group
110 Were in the noninvasive-ventilation group

Exclusion criteria: COPD or asthma AE; Acute pulmonary edema;

PaCO2 > 45 mmHg N Engl J Med 2015

Reduce intubation and mortality

90 Day survival
Reduced intubation rate

1.0+
0.9
Patisnts with a Pag:Fro, 5200 mm Hg = High-flow oxygen
Lo T % standard oxygen
o9 _-% 0.7 Neninvasve ventilation
2 osq £ 06
=
i, 5 .
= 2
% 08 FRER
z Sauncan e =
ﬁ 054 D ERCER
3 E]
£ 0ad E o2
73 Finghv ot sigrgen 3
§ 03 0.1 P=0.02 by log-rank test
5 o o0 ‘ . . : : \
15 30 45 50 75 90
01
P=0.009 by log rank test Days since Enrollment
H H 12 i 0 2 5 No.ha:] Risk
High-flow axygen 106 100 o7 94 94 o3 93
Cays since Enroliment Standard oxygen a4 84 81 77 74 73 72
Me. ot Risk Moninvasive ventilation 110 EE] 86 80 79 78 ”
High-flow aergen £ 55 54 £s 51 51 53 53
Standard oapgen 74 37 33 34 34 34 n 33
vertilation Bl 41 34 n 2 3 i 1 Figure 3. Kaplan—Meier Plot of the Probability of Survival from Randomization to Day 90.

NEJM 2015



SYSTEMATIC REVIEW

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

HFNC Standard 02 Risk Ratio Risk Ratio

Study or Subgroup  Ewents Total Evemts Total Weight IV, Random, 95% CI IV, Random, 95% CI

Azoulay 2018 138 388 140 388 S1.8% 0.99[0.82, 1.19]

Frat 2015 13 106 22 94 19.3% 0.52[0.28, 0.98] —

Jones 2016 35 165 24 138 27.8% 1.22[0.76, 1.95) B el

Makdee 2017 1 68 0 6% 11% 3.09[0.13, 74.55]

Tatal (95% C1) 722 685 100.0%  0.94 [0.67, 1.31]

Total events 187 186 7

Heterageneity: Tau' = 0.05: Chi¥ = 5.17, df = 3 (P = 0.16); I" = 42% m:]l t ; + 1[:]1]

0.1 1 10
Test for overall effect Z = 0.38 (P = 0.70) Favours [HFNC] Favours [Standard 02)

Fig. 2 Mortality forest plot

HFNC does not decrease mortality in acute hypoxemic respiratory failure patients

Intensive Care Med {20&9] 45

HFNC Standard 02 Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Low or Probably Low ROB
Azoulay, 2018 150 388 170 388 74.8%  0.88[0.75, 1.04)
Frat,2015 40 106 44 94 20.0% 0.81(0.58,1.12]
Makdee, 2017 1 63 0 65 0.2% 3.09(0.13, 74.55]
Subtotal (95% CD 557 547 95.0% 0.87 [0.75, 1.01] 0]
Total events 191 214

Heterogeneity: Tau’ = 0.00; Ch* = 0.85, df = 2 (P = 0.65); I' = 0%
Test for overall effect: Z = 1.85 (P = 0.06)

1.1.2 High or Probably High ROB

Bell, 2015 0 48 1 52 0.2%  0.36 [0.02, 8.64)

Jones, 2016 9 165 16 138 3.4% 0.47[0.21, 1.03) —_—

Lemiale, 2015 S 52 “ 48 1.3% 1.15 [0.33, 4.05) S — R —
Rittayamai, 2015 0 20 0 20 Not estimable

Subtotal (95% CI 285 258 5.0% 0.59 [0.31, 1.14] e

Total events 14 21

Heterogeneity: Tau® = 0.00; Chi* = 1,51, df = 2 (P = 0.47); I' = 0%
Test for overall effect: Z = 1.58 (P = 0.12)

Total (95% CD 842 805 100.0% 0.85 [0.74, 0.99] 4
Total events 205 235

Heterogeneity: Tau® = 0.00; Chi’ = 3.61, df = 5 (P = 0.61), ' = 0%
Test for overall effect Z = 2.16 (P = 0.03)

Test for subgroup differences: Chi* = 1.26, df = 1 (P = 0.26), F = 20.5%

0.01 0.1 10 100
Favours [HFT] Favours [standard 02]

Fig. 3 Need for Invasive mechanical ventilation

May decrease the need for intubation; 4.4% absolute reduction



Clinical application of HFNC

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

Postoperative HFNC in high risk
Hypoxemic respiratory failure Following extubation and/or obese patients following Peri-infubation period
{modarate certainty) {moderate cartainty) cardias or thorsolc surgary

(moderate cerainty)
(moderate certainiy)

o | G Eaw

Strong Conditional Conditional No
recommendation recommendation recommendation recommendation

Fig. 1 Scheme of recommendation

Intensive Care Med (2020)

An Index Combining Respiratory Rate and Oxygenation to Predict
Outcome of Nasal High-Flow Therapy

Oriol Roca'?, Berta Caralt'*, Jonathan Messika®>®, Manuel Samper’, Benjamin Sztrymf®9, Gonzalo Hernéndez'®,
Marina Garcia-de-Acilu’, Jean-Pierre Frat'"'%'®, Joan R. Masclans®*’, and Jean-Damien Ricard**®¢

ROX Index = Sp0,/Fi0,

RR
ROX Index <2.85 <3.47 <3.85 >4.88

Intubate Intubate Intubate Observe

only for patients with pneumc

>nia-related AHRF

Am J Respir Crit Care Med2019



Oxygen therapy — WHO recommendation

The following recommendations pertain to adult and paediatric patients with ARDS who are treated with non-invasive or
high-flow oxygen systems.

High-flow nasal oxygen (HFNO) should be used only in selected patients with hypoxemic respiratory failure.
Non-invasive ventilation (NIV) should be used only in selected patients with hypoxemic respiratory failure.

Patients treated with either HFNO or NIV should be closely monitored for clinical deterioration.

Remark 1: Adult HFNO systems can deliver 60 L/min of gas flow and Fi0- up to 1.0. Paediatric circuits generally only handle
up to 25 [/min, and many children will require an adult circuit to deliver adequate flow.

Remark 2: Because of uncertainty around the potential for aerosolization, HFO, NIV, including bubble CPAP, should be used
with airborne precautions until further evaluation of safety can be completed.

Remark 3: Compared with standard oxvgen therapy, HFNO reduces the need for intubation (42). Patients with hvpercapma
{exacerbation of obstructive lung disease, cardiogenic pulmonary oedema), hemodynamic instability, multiorgan failure, or
abnormal mental status should generally not receive HFNO, although emerging data suggest that HFNO may be safe in patients

with mild-moderate and non-worsening hypercapnia (42, 43, 44). Patients receiving HFNO should be in a monitored setting and
cared for by experienced personnel capable of performing endotracheal intubation in case the patient acutely deteriorates or does
not improve after a short trial (about 1 hour). Evidence-based guidelines on HFNO do not exist, and reports on HFNO in patients

L (1w (] Oronay T d 1] (] [

WHO/2019-nCoV/clinical /2020.4

Taiwan guideline

SMERAEE (HFNC, high flow nasal cannula)

BB RSB EIE TR (2021 25 4148 ) RRTEEFAHAETRLEE » ¥ mYE
BImiT-TH AL RAMBZ BHAEE AR EMERBEBRAYL - APRAKERRE
16 5| LT ISR A T RS SR g - 20

- AR EARRMAKZERN  BRARRFAFTOHE  RATAHAE S FE P
WA OR - FEAD ARG -TAH0

- HA-HASFTURAGENFARELIAEESNLTZAARE  EALAERATER &
B AR T SAE ) BOAE R a3 - 0

FERAFRE

® 5
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Organization/country Recommendation  Comment
AAMER, Argentina [3 3] HF™NC Pro
ANZICS (AustrahaNew Zealand) [35] HEMNC Suggrest
ATPO (Ttaly) [36] Helmet CPAP -
CTS (China) [37] HEFMNC Pro
ESICM/SCCM (EU/US) [38] HEFMNC Pro
German recommendations for eritically Helmet NIV Restricted
il patients with COVID-19 (Germany) [39]
Irish Thoracic Society, (Treland) [33] HEFMNC Pro
Mational Healthcare Svstem Guidelines, (UK) [40] CPAD HIFNC contra indicated, no
benefit but risk
SEPAR (Spain) [41] HFNC Mamtain = 2-m distance
SPP (Portugal) [42] HEFMNC I'ro
US Depariment of Delense COVID management HEFNC Pro
suidelines [33]
US Surviving Sepsis Campaign/SCCM [33] HFNC HFNC next modality for
patient’s not wlerating
supplemental O;
WHO [d3e=] HFMNC Not for: COPD, cardiopulmonary

edema, hemodynamic
instability

Current Anesthesiology Reports (2021)



Difficult to draw a conclusion

* At present, no definitive evidence on whether
noninvasive respiratory support is beneficial or
harmful for patients with COVID-19
— evolving nature of the pandemic
— paucity of data

— no controlled prospective trials inform the respiratory
management of severe covid-19 pneumonia

Contents lists available at Sciencelirect

ko

EClinicalMedicine e

7/
¥

hi

jOul’nE' homepage: h[[p';'-."/.-'..t\,"/.- .(lllrll.ill'i elsevier.comdeclinicalmedicine

Research Paper

The utility of high-flow nasal oxygen for severe COVID-19 pneumonia in a
resource-constrained setting: A multi-centre prospective observational study

* 293 hypoxemic respiratory failure patients enrolled; 137
(47%) patients success

* median duration of HFNC use

— success vs. failure : 6 vs. 2 days (p<0.001)
* ROX-6 2 3.7 : 80% predictive of success
* ROX-6 < 2.2 was 74% predictive of failure

EClinicalMedicine 28 {5020}



Oxyzen requirement and respiratory parameters after 6 h on HFNO.

Total (n =293) Failure (n= 156) Success (n=137) P-value
Sp0. (%)
Median (IQR) 90 [86-94) 89(83-92) 91(89-94) =0.001
Fi0g (&)
Median (IQR) 90 (85-95) 90 (90-95) 90(80-93) <0.001
Respiratory rate (breaths/mins)
Median (IQR) 37 (30-43) 40(34-46) 32(28-40) <0.001
Heart rate (beats/mins)
Median (IQR) 101 (90-108) 104(92-110) 97 (88-105) =0.001
Sp0;/Fi0; ratio
Median (IQR) 100(93-107 98 (89-103) 104(98-115) <0.001
ROX index at 6 h (ROX-6)
Median (IQR) 2.78(2.25-3.62) 241(2.06-3.05) 3.26(272-4.10) 0,001
Maodified ROX index at 6 h (mROX-6)
Median (IQR) 290(2.16-3.74) 233(192-3.12) 3.44(267-4.20) 0,001

Patients treated with HFNO

n=293

b

P/F: 76
Success

137/253 (47%)

P/F: 63

HFNO failure
156,293 (53%)

!

b~

Died

45/156 (29%) \

Intubated
1117156 (71%) /
Still receiving MY Discharged fram ICU Died
10/111 (9%)" 17/111 [15%)" /111 (76%)
w \

128/137 (93%) discharged
8/137 (6%) still admitted '
1/137 [1%) died after HFNO weaned
but before discharge

11/17 (62%) discharged home
Bf17 (38%)] discharged from ICU

but still hospitalised”

+*
| 26/45 (58%) unexpected death on HFNOT I

15



Table 3
Predictors of HFNO failure.

Variable N Estimated HR* (95%C1)  P-value  Adjusted HRT(95%C1)  P-value
Age (per year increase) 293 1.00{0.99-102) 0.795
Male (vs, females) 293 0.95(0.70-129() 0.749
HIV status (vs. negative)
Positive 45 0.75({0.43-119) 0.224
Hy pertension 131 0.99(0.73-134) 0.930
Diabetes*
Well-controlled (vs no diabetes) 55 0.97(0.63-150) 0.583 1.27(0.81-2.00) 0301
Foorly controlled (vs. no diabetes) 79 1.31(0.93-1388) 0.143 1.36(1.06-2.28) 0023
Obesity (BMI =30 kg/m? vs. <30 kg/m?) 153 0.80(0.58-109) 0.158
mSOFA { per 1 point increase) 290 1.18(1.04-136) 0.054
Duration of symptans (per 1 day incease) 293 1.02({0.98—106) 0.313
- Treatment with steroids 221 0.31(0.22-044) 0.001 0.25(0.18-0.37) <0.0071
ICU setting (vs. medicalward) 105 0.63 (0.43-097) 0.032
ROX-6 score (per 1 point increase) 279 0.46(0.37-058) = 0,001 0.42(0.33-0.53) =0.001
mROX-6 score(per 1 point increase) 277 0.51(0.42-0561) =0.001
Lymphacyte count (per 1 < 107 increase) 249 1.19(0.92-152) 0.181
CRP (vs. <100 mg/L) 38
100-199 66 0.71{0.38-130) 0.269
200-299 50 0.88 0.46-1.70) 0.712
300-399 31 1.14(0.59-220) 0.701
400499 15 1.54(0.70-338) 0.280
=500 7 299(1.23-725) 0.015
D-dimer (vs. <1.5 mg/L) 150
151-5.0 39 1.48(0.93-236) 0.097
=5 42 1.99{1.28-312) 0.002
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LETTER

. e . ™
Prediction of outcome of nasal high flow

use during COVID-19-related acute hypoxemic
respiratory failure

Meoémie Zucrman', Jimmy Mullaert?, Damien Roux®, Oriol Roca®, Jean-Damien Ricard' @ and Contributors

* 62 patients enrolled, median age was 55

* profound hypoxemia at HFNC initiation: under FiO2
0.8, Sp02 96%

* Results:
— 34% (21/62) succeeded
— ICU mortality was 17%

Intensive Care Med (2020) 4
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cumulative incidence of intubation

/J o - T
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02 !
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== ROXHOH4<5 37
0.0 = ROXHOH4=5 37
0 05 1 15 2 25 3 35 4
Time (days)
Cumulative number of events
0 31 33 37 37 18 39 39 39
0 13 14 17 17 18 18 18 18
ROXHOH4>537 0 2 3 4 4 4 5 5 5

Fig. 1 Cumulative incidence of crotracheal intubation for all at-risk patients (W=60) and after 4 h of NHF (N-=45) stratified on ROX-HOH4 {landmark
at Ha). MHF, nasal high flowe. ROX-HOH4 was defined as the latest value of the BOX index within the first 4 h after MHF initiation

median time to intubation was 10 h

'.] Check for updates

High-Flow Nasal Cannula in Critically lll Patients with

Severe COVID-19

* Aretrospective study in France

* Hypoxemic respiratory failure:

— respiratory rate >25

— bilateral pulmonary infiltrates on chest X-ray or CT

— need oxygen >3 L/min to maintain Sp0,>92%

* 146 (39%, n=379) patients used HFNC

Am | Respir Crit Care Med 2020



Mo HFNC =231 HFNC [n =146} P Value
Patients characteristics
Age, yr 63 (63-69) 60 (5:3-67) 0249
Sam, F . 57 (25) 31 @21 0.549
Body mass index. kg™ 28 {25-32) 27 (25-30p 0213
Comorbidites
COoPD 13 (B) 75 0923
Asthrma 12 (5) 11 (8) 04688
Dizhstes 72 @31} 42 (24) 0.745
High blood pressure 121 (52) 67 (46} 0299
Chronic heart failure 22 (10) 10 (7) 0.488
Immunosuporession 48 21) 19 {13} 0.060
On ICU admission
Time since disease onset, d B GE-10) 10 (7-12) =10.001
Tirme since hospial admission, d 1{0-3) 1{0-3) 0599
Body temperatura, 'C 37.9 (37.0-287) 38.0 (37.4-38.7) 0148
Crweygen flaw, Limin ™ 15 (B-15) 15 (8-15) 0.045
Number of guadrants invelved on chest X-ray 4 2-4) 4 2-4) 0658
Pag,/Fio_at Day 1 (worst value), mm Hg 130 {(37-193) 126 (B6-189) 0433
Leukocytes, GIL™' 508 (5.48-11.30) B.09 (5.70-10.79) 0537
Lymphocytes, G/L .50 (0.58-1.18) 0.70 (0.54-1.03 0,056
D-dimer, U 1,908 (830-3,968) 1,500 (920-2,770) 0194
Lactate, mmolbL 1.2 (1.0-1.8) 1.4 (1.0-1.7) 0282
SOFA at Day 1 6 (3-9) 4 (3-5) <0001
O tion/rentllation strategy 3 61) 3 2) asr | Significantly reduce
NIV 18 (8} g (A} 0703 . .
Duration of HFNC therapy, o 0 4 (2-6) - intubation
Before intubation® ,
Respiratory rate, min 33 (26-38) 30 (256-32) 0.089 o
S0, % 94 (38-97) 57 (95-100) ooo | No effect on fatality
Fig, % 66 (49-B86) 100 (80-100) 0.008
Organ lalure and suppor dunng 10U stay
Vasapressars 123 (53} 42 (2@) <0001
Acute kdrey Injury 138 (50} 56 (40) =000
Renal replacement therapy 5T (25) 17 {12} 0.003
Qutcome vanables
Invasive meachanical ventiation at Day 28 175 (75} &2 (56) =0.001
ICU mortality &0 (34} a0 (25) 0117
Mortality at Day 28 70 (30} 30 21) 0.055
Mortality at Day B0 72 (31) a1 (24) 0052 24

High-Flow Nasal Cannula Therapy in COVID-19: Using the ROX Index
to Predict Success

Abhimanyu Chandel. Saloni Patolia, A Whitney Brown, A Claire Collins, Dhwani Sahjwani,
Vikmmjit Khangoora, Paula C Cameron, Mehul Desai. Aditya Kasarabada, Jack K Kilcullen,

Steven D Nathan, and Christopher S King

Patienis with confinrmed COWID-19
rEsplratory tallure raeated with

HFRNC
393

Excludad
121
Dio-not-intubate. 66
Switched o MIV: 21

Subje cte enrcllad
272

] o trial of HEMG prcs to
endotracheal imubation: 27
Elmactivaly intubatad for
surgical procadune: 1

Age <i8 y: B

brnpercveen] anicl weRreesd 1o HFNE'.I

111 managed

v

Intiibated aftar HFEMC failura
108 (39 7%

Figure 1, Flow chart. HFMNE < high-low nasal cannula, NIV

Failure of HFMNC =38 h
61 (56 .5%)

47 (43 5% )

|F.‘||Ium of HFNGC =48 h

noninvasive ventilation,

Respir Care 202%1;66



Predict of failure

All Subjects Wenned from HINC HFNC Failyre

im =272y jm = 1id) im o= I8 F
Agr, 57T+ 13 4= 4 G+ 13 e Age
Female YT (A3 il [ A A2 2h) |
Bace, mon-"YW hate RELELH) s 154 (939 Y =T R
By mass index, kgim? IRTI5.2-35.4) IH.6(25.5-33.2) 2R7(24.9-310.6) .y
HFNC duragion. 3010 42Ty 201-4h = [MKl
Copprabic diseases
Mo comorbad daseise H1(31.5]) (NS 23213 Al
Hypertension 116 (4260 i IR 52 (481} A7
Dnbetes mellitus Bk (370 S5 1.1 454170 25
Chronic kidney discase T4 =iday 120110 il
End-stage renal disense LR 41248 ETERY T2
Coronaiy artery discase Diin S3A 45T 74
Hyperlipidenia 4 (27.2) 0 24,4 M (315) 21
Axthim 13 (4K} 955} A(3T) 5
COED 2T [ ELE Y] 1 (.5} R
Active cancer T il Iilg) i (5.6} a2
HIFrEl 4115 2012 2019 [oR]
Sy sl aiicoagularion Diin Hi4Ah 1 (LY} (G
Climical data a1 HENC ialsalion
Heart rale, besls/min WA [RIk- ML) HE - TIG) D5 (=2-104) Ay
Mean anerial pressure, mm Hag 0T & 130 LU ) R B3+ 32 37
Ereathing Mmequency, breathsfmin 20 (24-36) 25 2436y My (26-3T) 50
Oryzen saturation 43 (905 ) LERLE R U3 (298, Xl
SOFA seore I1-5p 21— 4i2-Th = MK SGFA
White blood wells, = 107 per mL B3 A-114) RO (64191 B (G 1-11.6) e
Mewtrophil W lymphocyie s 6.5 (4.2-11.7) 6.l (349-1.6) Bl (491200 Az
Lactuie, mmod /L. LTI1.3-2.3) L3321 LA 1.4-28) = M3
C-reactive pasiein, mg'L 168 (10L0-24.2 16.7 (2H-23.6) 172018260 Sl Lactate
p-dimer, ggiml 1.3 (-2.5) LA 0R-22 LA0e-2 25
Prowcak:issmin, ngfml LRGN L KN B XY k20,145 DI 1-1.4K niz
ROX index
2 halier HENC L5 33000 4.9 (3767} 16 i 2.H-dH} <= AMH i
fs h after HENC 4.6 (1663 5.0 (4.1-69) 140 (3048) < M} ROX |"dE!5
12 afier HFNEC 4.7 (34-6.2) 534369 1R (2.6-45) L

RESEARCH Open Access

: : . ®
High-flow nasal oxygen in patients i

with COVID-19-associated acute respiratory
failure

Ricard Mellado-Artigas' @, Bruna L Ferreyro®?, Federica Angriman®®, Maria Hernandez-5anz’, Egoitz Arruti®,
Antori Torres™™, Jests Villar®'®! Laurent Brochard®!' and Carlos Ferrands' for the COVID-19 Spanish 1CU
Metwork

* A multicentre cohort study using a prospectively
collected database

* Propensity score matching
— high-flow nasal oxygen v.s. early intubation

* Out of 468 eligible patients, 122 matched (61 for each
group)

Crit Care (2021)



Table 1 Baseline characteristics of the matched sample of adult patients with COVID-19 related acute respiratory fallure

Cowariate Early intubation (Ne61} HFWO (M= 61) SMD
PR Ll U et

B2, waar—mean (500 a1 62011 006
Fernake Qemoen, n () 35 (490 27 (400 0.4
BMI, ke — mean (500 28E4.3) 288 (55) 0
Time to CU admission, days — median [IR] 2[1-4] 2[1-4] 0.l
Bacaline comorbid dkease

Murnber of comorbidities - median [KJA] 1[0-1] ]| 0o
mMmunocLprassion, (n, ) 2133 4 (6] ois
ACtivee camcer, [n, %) ooy & (58 o7
Itk severity of diseass

S0FA scosm—median [IR] 5[3-7] 414-7] 000
Glasgo coma soore—madian [12A] 15[15] 15[15] 02l
BPACHE I 5 one—mecian [JOR] 11 [2-14) 10 [2-113) o1
PaCl: A, rato—rmean (500 1751 121 {49) 009
REsspHr acory rate, gm—mean (50 25 (5) 2515 0104
Opgen saturation, %—mean (501 8E(T) 29 (8} 09
ROX Index—median IR 44[34-54] 5 [4-63] 0.25
Bal0, mimtg—mean (50) 37 (8) IBH T
Gas flow, Lfmin—mean {50 - 53013 -
RO, %—mean (30 To18) J2(16 045
Heart rate fpmj}—mean {50) a14{18 B2(15) 003
Hystolic blood pressure (mmHg)—mean 50 128 [21) 124018 o
Use of steroids, ni(#) 4777 45 (71E) 008
Laborriony wnies

oH—mean (500 TADON T4 (006 066
Creatining, mgil —mean (500 100038 1ainm 0ol
Bllirnuin, Mg —mean (50} 07 [0.5) QFing 0ol
Lactate, mmaltt —mean (S0 03 [08) 0407 013
D-zimer, L —msan (500 4025 (11,944} 2235 (2724) 01w
Leucocyte count, F0s%L—mean (500 &1 (34 B3 (48 04
Lymphocyte count, 100 &L—mean (S0 o7 (1.0 orins) oo
Matedat count, 1o 1.2 L—mean (S04 233 [38) 241 {126) oie

..... Tal A [ e pr} T I B B w0 B R [ - ma e oal L] [
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. High Flow Nasal Oxygen (n=156)

) ‘ Ezrly Intubstion (r=312)

Propensity-score Matching
& )
e [

Ventilator-Free Days T 3t days | Mean cifference: 8 daye |28 days ]

(95% C14-12 days)

Intensive Care Unit Len Mean dfference: 8 deye _
of Stay o Izoissen (95% €1 413 days)
In-hospital Mortality Ddde ravic: 0.64 (35%CI

0.25-1.64)




Predictor of failure

r ™
HFNC failure, %
100%
P =0.04
80% r
64%
60% |
40% |
20%
0%
0%o :
=200 =200
Baseline PaO2/FiO2,mmHg
Fig.2 HFNC failure rate in different groups stratified by PaO,/FiO,
- < 34

Wang et al. Ann. Intensive Care (2020}

Oxygen therapy for severe COVID 19 pneumonia

STEP 1
Mo respiratory distress

Simple Oxygen Supplementation
O Via N/G @ 4-8 Limin

150 > PUF < 300 or Spo. < 90-84%
orf NRB mask ardor labssnesd
braathing; hemaodynamically
stable

Spoy = 92-04% RA or . : NRB mask &
Dl pi g Erere Worsening Hypoxernia 15 Limin
STEP 2 Moninvasive Strategies
Mild te modarate respiratory Trarafar to a continueusly monitored satting
distrass Obsarve patiant closaly and obtain ABG in 30 min

v

High Flow Nasal Cannula
Prafarred modality)
Minimal hyparcapnia
(Paco; preferabhy

<= & mm Hg above basaline)

Clinical assessment

ROX index

v v

Awake Proning Noninvasive Ventilation
[Alona or with HENG or NIV) [Considar Halmat)
Useful with diffuse lung opacities-ARDS COPD with moderate
Mo urstable spine fractures, hamaoptysis, hyparcapnia or

cardiagenic pulmonary
edema or inability to
carry out work of
braathing

Levw aspiration risk

abdominal compartmant syndrome, = first
trimestar pregnancy, anterior chest tubes

STEP 3
Severs respiratory distress

F/F < 150 or

Spo./Paos < 196 or
hemadynamically unstable or at
rlak of impanding respiratory
armast

Invasive Machanical Ventilation
[Unless carries a Do Net Intubate order)
ARDS net guidelines

CHEST 2020




Clinical application of HFNC
T e s o st cnns vy e i v inetsounsr

Postoperative HFNC in high risk

Hypoxemic respiratory fallure Following extubation and/or obese patients following Perl-intubation period

cardlac or thoracic surgery (moderate certainty)
(moderate certainty)

5 N 'Y -

Strong Conditional Conditional No
recommendation recommendation recommendation recommendation

(modarate certainty) {moderate certainty)

Flg. 1 Scheme of recommendatiol

Intensive Care Med (2020)

ORIGINAL AF

Nasal High-Flow versus Venturi Mask Oxygen Therapy

after Extubation
Effects on Oxygenation, Comfort, and Clinical Outcome

Salvatore Maurizio Maggiore', Francesco Antonio ldone', Rosanna Vaschetto”, Rossano Festa', Andrea Cataldo',
Federica Antonicelli’, Luca Montini', Andrea De Gaetano®, Paclo Mavalesi®®°, and Massimo Antonelli’

Compared with the Venturi mask, HFNC has

— fewer desaturations (40% vs. 75%; P < 0.001)
— lower reintubation rate (4% vs. 21%; P = 0.01)

ﬁi 7 ‘T_ 1’ 100
E
£ b o F_LJJ -
§ TITT] T
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& o 50 —
3 & 12 2 36 48 D 1 3 6 12 24 38 fIE
Time (hours) Time {hours)
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Glinical outcomes of high-flow nasal cannula in GOVID-19
associated postextubation respiratory failure.
A single-centre case Series

Francesca Simioli, Anna Annunziata, Gerardo Langella, Giorgio E. Polistina, Maria Martino,
Giuseppe Fiorentino

Department of Respiratory Pathophysiology, Monaldi-Cotugno Hospital, Naples, Italy

* 9 patients were de-escalated to HFNC(5 Helmet CPAP, 4
invasive mechanical ventilation)

* HENC (2 hours)
— Pa0,/Fi0, : 254+ 69.3 mm Hg
— Mean ROX index :11.17 (range: 7.38-14.4)
* HFNC (day 3), PaO,/FiO, increased to 396 = 83.5 mm Hg

Anaesthesiol Intensive The?EEDZD

High-flow nasal cannula oxygen therapy to treat
patients with hypoxemic acute respiratory failure
consequent to SARS-CoV-2 infection

Andrea Vianello ® ,' Gigvanna Arcaro,” Beatrice Molena,” Cristian Turato,’
Andi Sukthi,’ Gabriella Guarnieri,” Francesca Lugato,” Gianenrico Senna,”
Paolo Mavalesi®

* Ina RICU of Italy

* 73 healthcare workers (HCWs) (20 physicians,
including residents, 40 nurses and 13 healthcare

assistants) were exposed
* Exposure duration was 48 (44-52) hours

» All HCWs underwent nasopharyngeal swab on a
weekly basis

Thorax#2020



Results

* COVID-19 PCR testing were negative in all staff during
the study period and the following 14 days.
— wore appropriate personal protective equipment

— gowns, hair covers, gloves, eye and face shields, and
filtering face-piece respirator class 2

— applied a surgical mask over the nose and mouth of

patients
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