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Specific features of COVID 19 ARDS Difference from classical ARDS
Injury site: Timing of onset:
® Mainly respiratory system ® 38-12 days
® Alveolar epithelial cell
Specificity of clinical features Respiratory system compliance
® (linical symptoms were inconsistent ® Might be relatively normal in some
with the severity of lab and images. COVID-19 ARDS

® Manifestations were relative mild
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B Pathophysiology of COVID-19-associated acute respiratory distress syndrome
: a multicentre prospective observational study (Lancet Respir Med 2020;8: 1201-08)
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COVID-19 ARDS Classical ARDS pvalue 25 pe0000L |
Sex 9 100 : '-'.\.:
Men 232301 (77-1%) 1580/2548 (62.0%)  <0.0001 E -*: X
Wornen 60/301 (22.9%) 968/2548 (38.0%) ; z 7 "
Age, years* 63 (55-70) 63(49-73) 0943
Body-mass index, kg/m?t 27.8(253-311) 260(229-304)  <0.0001 £
ARDS severity é % " |, o
Mild 33/300 (11.0%) 772/2634(293%)  <0.0001
Moderate 163/300 (54-3%) 1263/2634 (47-9%) 0-2254 0
Severe 104/300 (347%) £99/2634 (22_7%) 00005 COVID-19 ARDS (n=297) Classical ARDS (n=960)
Underlying disease 4000
Pneumonia 301/301 (100-0%) 1523/2643 (57-6%) <0:0001 .
Non-pneumonia 0 1120/2643 (42-4%) = o 3000
Data are n/N (%) or median (IQR). ARDS=acute respiratory distress syndrome. *n=301 for COVID-19 ARDS and n=2643 % ceis
for classical ARDS. =294 for COVID-19 ARDS and n=2186 for dassical ARDS. 2 20001 - e
1000 il
i
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COVID-19 ARDS+= classical ARDS 0Of H|gf SAAHCo=Z M0 SHEEO sy, 5F9| HIEI &
& L|CE Median static compliance= COVID-19 ARDS 0| M 41ml/cm (33-52), classical ARDS 0| A
32ml/cm (25-42) © 2 COVID-19 ARDS Of|A| S.0|8}A &< L|CH CHEF COVID-19 ARDS ©| 5.7%

Bt0| classical ARDS 2| 95% KL} static compliance 7} =& L|Ct



p-value
COVID-19 ARDS “CLASSICAL” ARDS (ARDS versus
COVID-19)
Compliance (ml/emH20), median (IOR) 41 (33 -52) 32(25-43) <0.0001
n=297 (COVID). 960 (ARDS)
Male gender 44 (35-54) 36 (27 - 46) <0.0001
Female gender 34(28-42) 28(22-37) <0.0001
BMI = 30 kg/m’ 42 (33-52) 31 (24 - 43) <0.0001
BMI > 30 kg/m? 40 (33 - 53) 31(24-41) <0.0001
ARDS mild 43 (37-53) 37 (28 -53) 0.0727
ARDS moderate 42 (33 -51) 32(25-42) <0.0001
ARDS severe 40 (32 -53) 28 (22 - 38) =<0.0001
Pneumonia 41 (33 -52) 31(24-43) =<0.0001
Non-pneumonia == 33(25-44) =
Median static compliance = A&, BMI, severity, ®IQICZ LtH+0] HlWs|: oI5t XIO|E HFEH
L|C}. BtH, Chest CT & 0|83}0 =73t total lung weight 2 £ 1 E0|A Xl0|E HO|X| &%
SLICH
Of AF0M QA= D-dimerE HESIYUSOH median ¢ELE H2 ¢S 71T 2XE2
compliance 2 Ar2tgi0| M4 perfusion & EO|1 QUSE QST ESLICH HSfA D-dimer 2f
static compliance £ 0|23d}0] 47{2] AL 2 HEHSIYUSH, 0|0 2t 28-day mortality & H| W
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1007 P=0.001 Hazard ratio (95% Cl)
907 Class
80 High D-dimers, low compliance 1 (ref)
) 704 High D-dimers, high compliance 0-448 (0-230-0-873)
E 60 Low D-dimers, high compliance 0-420(0-215-0-818)
% 50 Low D-dimers, low compliance 0386 (0-152-0.985)
:g 404 Sex
3 30 Female 1 (ref)
— HDHC Male 1803 (0.679-4788)
204 — HDLC
10| — towe Age 1.048 (1.002-1.095)*
— LbLC Pa0,/Fi0, 0-996 (0-992-1.000)*
0 T T T T T T 1
o 4 8‘ , 1 16 20 % 28 Pa0,/Fi0,=ratio of partial pressure of arterial oxygen to fractional concentration
Number at risk Time since the start of the study (days) of oxygen in inspired air. *Change in risk of death per one unit increase (years for
(number censored) age and mm Hg for Pa0,/Fi0,).
HDHC  63(2) 58(1) 53(3) 47(6) 35(3) 30(4) 25(7) 16(6) - - - -
HDLC  71(0) 64 (1) 50(3) 38(3) 32(3) 24(7) 15(5) 9(2) Table 2: Cox proportional risk analysis for mortality
IDHC  67(0)  66(4)  58(7)  47(8) 36(12) 22(4) 15(3)  11(11)
LDLC  60(0) 58(6) 50(9) 39(7) 29(5) 22(3) 18(6) 12(11)

The high D-dimers, low compliance (HDLC) &2 CtE M &0 H|sjA 28 mortality 7} §9
SHAH =& CH (56% in HDLC vs. 27% in LDHC, 22% in LDLC, 35% in HDHC). Kaplan-Meier %
COX 2MOIME BE HDLC 189 0|27t £X Y22 HOISIHOM, HHe ofsot Faist 4
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compliance ECt &2 H|E0| 5.7% T+ H0|O, total lung weight 7t X}0O|7} 22 EO5L|CH EE
ot D-dimer &= ventilator ratio | dead space ventilation 1t HaHE 7HE3S1, HDLC, HDHC,
LDLC, HDHC 2 1 E3}5tH HDLC 7} 7}& o|=71 £X| %28 EDTHLCE HDLC & ¢ Al
coagulation 1} fibrinolysis 9| dysregulation 2 2|0|5t11 O|&= classical ARDS @t H|x=&Z E1st
LICt. p2tA O] CHR2 A= COVID-19 ARDS 7t heterogeneous St1l classical ARDS 2f =
Moz Ct2X| 92 JHsAHe HAlgL T
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H Clinical features, ventilatory management, and outcome of ARDS caused by COVID-19 are

similar to other causes of ARDS (Intensive Care Med (2020) 46:2200-2211)
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AR 7|7 SO £ 742HO| COVID-19 ARDS #X}7F SEL|R/USLICE Severe, moderate, mild
2 38.1%, 44.6%, 17.2%LL|Ct == ARDS 3Hxjo| H|&L COVID-197} oful
ARDS XIS [ 2 3t CHE 2 & HFPHECH 55U CHL Compliance data 7} Qe 296

Severe ARDS Moderate ARDS Mild ARDS p value

(n=283) (n=331) (n=128)

Modes of ventilation

Mechanical ventilation on ICU admission (n) 479 (64.6%) (742) 188 (66.4%) 213 (64.4%) 78 (60.9%) 056

Days from symptoms onset to mechanical ventila- 12 [9-16] (734) 12 [9-16] 12[9-17] 11 [8-14] 026
tion (n)

Days fram hospital admission to mechanical ventila- 5[2-8] (742) 5[2-9] 4[2-8] 45271 0.51
tion (n)

Ventilatory parameters

Tidal volume, ml (n) 6.9[6.3-7.8](723) 69[6.3-7.38] 7[63-7.7] 69[6.3-7.9] 0919
Tidal volume max, ml (n) 84[73-951(723) 84[73-94] 84[75-971 83[7.2-93] 0481
Tidal volume < 6 ml/kg, PBW (n) 173 (23%) (742) 67 (23%) 76 (23%) 30 (23%) 0973
PEEF, cmH,0 (n) 12[1\—I4](?I6) 12[10-14] 12[11-14] 12[12-14] 0579
PEEP max, cmH,0 (n) 4[12-151(716) 14[12-15] 14[12-15] 13[12-15] 0.034
PEEF>12 cmH,0 () 46 (64%) (716) 14 (5%) 25 (7.9%) 7(5.7%) 0.348
Inspiratory oxygen fraction, % (n) 80 [60-1007 (728) 100 [80-100] 75 [60-100] 60 [50-807 <0001*
Mean FiO, %" 61 [53-70] (741) 65 [57-75] 60 [53-69] 53 [47-61] <0.001*
Respiratory rate, bpm (n) 24 [20-301 (715) 25 [20-33] 24 [20-28] 23 [18-26] <0.001*
Respiratory rate max, bpm (n) 30 [25-35] (734) 30 [27-36] 30 [25-35] 30 [25-35] <0001*
Plateau pressure, cmH,0 (n) 25 [22-29] (215) 25 [20-29] 26 [22-29] 24 [22-26] 0.022
Plateau pressure max, cmH,0 (n) 8 [23-31]1(410) 28 [24-30] 28 [23-32] 26[22-29] 0011
Driving pressure, cmH,0 (n) 2 [10-16] (260) 13 [9-16] 12[10-16] 12[11-14] 0473
Driving pressure max, cmH,0 (n) 5[12-19] (386) 15 [12-20] 15 [12-20] 14011-17] 0.064
Respiratary systern compliance, ml/crmH L0 (n) 5 [27-45] (296) 32 [25-48] 35 [27-45] 35 [30-49] 0461
Respiratary system compliance min, ml/cmH,0 (n) 9 [22-371(501) 27 [20-35] 30 [22-37] 32 [23-40] 0052
Ventilatory ratio (n) 2[1.49-263] (610) 209 [153-2711  2[1.52-259] 1.84[142-259] 0.136

Ventilatory ratio max (n) 283[223-369] (665) 292[23-37] 279[2.19-3.73] 250[2.03-338] 0.015



HO| Xt T 2319H (78%) = low compliance (median 31ml/cmH,0 [25-37]) & HEO|11, 61FH0f| A
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Baseline values
PaO,/FiO, -
Type of Study | . . Respiratory L.
Study inclusion Plateau Driving
N L System
criteria . Pressure Pressure
Compliance
LUNG SAFE, Bellani et al, Observational 300 32
<=
JAMA 2016; 315:788 2377 23.2 -
OLA, Kacmarek et al, RCT
. <=200 25.8 141
Crit Care Med 2016; 44:32 200 285
ART, Cavalcanti et al, RCT
<=200 29.7 26 135
JAMA 2017; 318:1335 1010
PETAL, Moss et al, RCT
<=200 - 25.6 129
New Engl J Med 2019; 380:1997 1006
PRONE, Guerin et al, RCT
<=150 355 23.5 -
New Engl J Med 2013; 368:2159 466
AVERAGE 321 24.8 131
Sixf COVID-19 ARDS €3 | Observational 300 35.2 (32.0- 25.0 (24.0- 13.1 (12.0-
< =
Ferrando et al. 742 35.8) 26.0) 13.4)
Comparison with the AVERAGE
0.062 0.404 0.808
value (p-value)

COVID-19 ARDS 9| mortality values & 10 O|Lff 2E =l {2 classical ARDS o] ¢71Qt H|

Zit= off ®eb Z0| AR 21 EYLCH

rot

Study N % Mild ARDS Moderate ARDS | Severe ARDS
Hernu et al, Intensive Care Med 2013, 39:2161- 240 42 (17%) 123 (51%) 75 (31%)
70 28-day mortality 351% 30.9% 27.9% 49.3%
Caser et al, Crit Care Med 2014, 42:574-82 130 49 (37%) 68 (52%) 13 (10%)
28-day mortality 38.5% 30.6% 43% 46%
Bellani et al, JAMA 2016, 315:788-800 2377 714 (30%) 1106 (46%) 557 (23%)
28-day mortality 34.8% 29.6% 35.2% 40.9%
Dodoo-Schittko et al, J Thorac Dis 2017, 9:818- 700 99 (14%) 333 (47%) 268 (38%)
30 ICU mortality 33.6% ? ? ?

$ixf COVID-19 ARDS %3 Ferrando et al. 742 128 (17%) 331 (44%) 283 (38%)




O @TO|A{ COVID-19 ARDS O AIYELS MEED, severity 0Of M2} EAHSZ Qo8

AtRE9| XIO|E E AL|Ct (Moderate vs. severe: RR 0.728 (95%CIL 0.539-0.983); p=0.038. Mild vs.

severe: RR 0.598 (95%CL 0.388-0.923); p=0.020.)C}2F O] A0 M= Plateau pressure 2} driving
A

pressure 2t2| 28-day mortality & A#d2 EFX|] TS LICH
1.01
0.9
0.8
Mortality 07
1.0 0.6
0.9 7 Zj Plateau pressure > 30 cmH.O (red line)
651 — Sovera AR °*1 Plateau pressure < 30 cmH,O (blue line)
0.2
- 011 HR 1.74 (0.87-3.47) p=0.119
g °5 ; 1‘4 7 5
% _ 1.01
-% o8 091
2 04 il
3 07
0.3 067
O'j’ Driving pressure > 15 cmH20 (red line)
0.24 0.4+
031 Driving pressure < 15 cmH20 (blue line).
- 0.2+
o or] HR: 1.50 (0.88-2.56); p=0.136
0.0— T T T T T 0.07‘ ! ! y y
) 7 14 21 28 0 7 14 21 28
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HX| ALROA CHEES| =HX}= lung protective ventilation O] |X|& 0, 28-day mortality =
classical ARDS @} H|==¢'L|C}. d2|2 O] AFO|M= classical ARDS 2F COVID-19 ARDS Of A
Compliance, Plateau pressure, and driving pressure X}O|E EO|X| @1 QUEL|C CIIH plateau

pressure o ARLEO| B3t BAMES HOIZX = Rspn YLLICH

HVentilation management and clinical outcomes in invasively ventilated patients with COVID-
19 (PROVENT-COVID): a national, multicentre, observational cohort study (Lancet Respir Med
2020 Published Online October 23, 2020)
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5539 #xt7t 2MEASLCEL Of AFME g REEO 75% 2 O (25%) of H =

U5 LICE
All participants (n=553) Chest x-ray performed
Number of quadrants affected*
Age, years 67-0 (59-0-73-0) X
Gender 5
Men 417/553 (75%) B,
Women 136/553 (25%)
Body-mass index, kg/m? 277 (25-1-30-4) 4
Pneumothoraxt
Transferred from another intensive care unit ~ 104/553 (19%) . .
under invasive ventilation Severity of illness
Duration of invasive ventilation before 0-0 (0:0-2-0) SAPS Il (n=198)

admission, days
Use of non-invasive ventilation

Duration of non-invasive ventilation, h
Chest CT scan performed

Lung parenchyma affected

0%
25%
50%
75%
100%
of A0 SEE 2HAte] E2

tidal volume
0|3, Lung

Ventilation support

Mode of ventilation
Volume-controlled ventilation
Pressure-controlled ventilation
Pressure-support ventilation

Synchronised intermittent mandatory
ventilation

Airway pressure release ventilation
INTELLIVENT adaptive supportventilation
Other

Tidal volume, mL/kg predicted bodyweight

Positive end-expiratory pressure, cmH,0

Peak pressure, cmH,0

Driving pressure, cmH,0

Mechanical power, J/min

Respiratory system compliance, mL/cmH,0

Total respiratory rate, breaths per min

Fi0,

SpO./Fi0,

Endtidal CO,, mmHg

51/489 (10%)
8.0(3-8-13.9)

146/553 (26%)

8/146 (5%)
46/146 (32%)
39/146 (27%)
46/146 (32%)

71146 (5%)

APACHE Il (n=146)
APACHE IV (n=271)
SOFA (n=253)

321/553 (87%)

16/318 (5%)
69/318 (22%)
97/318 (31%)

136/318 (43%)
1/129 (1%)

38.0 (31.0-45-0)

16.0 (12-0-20-0)

570 (45-0-70'5)
8.0 (6:0-11-0)

Severity of acute respiratory distress syndromet

Mild
Moderate

Severe

Pressure control ventilation mode 7} M3 |

104/551 (19%)
284/551 (52%)
21/551 (4%)
36/551 (7%)

18/551(3%)
32/551(6%)
56/551 (10%)
6-3(5:7-71)
14-0 (11-0-15-0)
270 (240-31.0)
14-0 (11-2-16-0)
17-7 (14-2-22-3)
31-9 (26-0-39-9)
20-0 (18-0-24-0)
0-60 (0-50-0-80)
152-9 (118:7-190-0)
36-8 (32-0-42-8)

A,

0] ME%|}A&LICt Median PEEP 2 14cmH,0 $ S0, driving pressure

compliance 9| 4% 31.9ml/cmH,0 2 ZH™E|Y &L CE

135/541 (25%)
360/541 (67%)
46/541 (9%)

2= low

= 14cmH,0

Rescue treatments for refractory hypoxaemia

Prone positioning

Duration of prone positioning, h
Recruitment manoeuver
Use of neuromuscular blockade

Duration of neuromuscular blockade, h

Extracorporeal membrane oxygenation
Other

Continuous sedation
Use of neuromuscular blockade
Duration of neuromuscular blockade, h*
Vasopressor use
Fluid balance, mL
Urine output, mL
Ventilator-free days at day 28
Mean (SD)
Successful extubation
Duration of ventilation, days
In survivors at ICU discharge, days
Tracheostomy
Reintubation

Pneumothorax

135/544 (25%)
8.0 (4-0-120)
5/444 (1%)

126 /532 (24%)
8.0 (8-0-16.0)
1/554 (<1%)

532/551 (97%)

126/532 (24%)
8.0 (8.0-16.0)

430/551 (78%)

584-0(327-1327-5)
635-0(335-0-1130-0)

0.0 (0-0-15.0)
6-8 (8-5)
266/553 (48%)

135 (7-5-22.5)
165 (10-5-26-5)
74/553 (13%)
70/546 (13%)

6/542 (1%)



AUED BAE OF55Z7| factore] 2AZ1F High tidal volume 1} lower respiratory
m

compliance & 28 day mortality 2f ZtZHO0| QUUSL|LCH

28-day mortality Ventilator-free days at day 28
Odds ratio (95% Cl) pwvalue Mean difference (95% ClI) pvalue
Ventilatory variables on day 0*
Positive end-expiratory 1-08 (0-85 to 1-39) 051 -0-73 (-1-52 to 0-06) 0069
pressure, cm H,O
Tidal volume, mL/kg predicted  1-28 (1-00t0 1-64) 0-049 -0-35 (-1-15 to 0-45) 039
bodyweight
Respiratory system 075 (0-57 to 0-98) 0037 0-60 (-1-27 to 2-47) 0016

compliance, mL/cm H,O

Oxygenation variables on day 0*

Pa0,/FiO, 077 (0-43to1-38)1 011 1.00 (0-27 to 1.72) 0-0073

Laboratory tests on day 0*

pH 071(0-55t0 0-93) 0.012 1.78 (-0-11t0 3-68)F 0-42

Lactate, mmol/L 112 (0-88to 1-43) 037 -2-68 (-4-44 to-0-90)t 0-87

Creatinine, pmol/L 1-04 (0-82t0 1-32) 076 -1-09 (-2-99 to 0-82)t 0-59

Vital signs on day 0*

Heart rate, beats per min 1-02 (1-00to 1-03) 0.013 -0:62 (-1-36 to 0-11) 010

Mean arterial pressure, mmHg  0-99 (0-96 to 1-02) 0-46 122 (-0-59 to 3-03)T 0-97

Organ support on day 0

Use of vasopressor 2-07 (076 to 5-66) 016 0-80 (-1-80to 3-40) 0:54

Fluid balance, mL 1-07 (0-8510 1-36) 0-55 -0-24 (-1-01to 0-53) 0-55
k=4

0] AHO|A = O|O] 50% O|AO|AM lung protective ventilation O] HE2L&|1 QOM, tidal volume
1t compliance = 28-day mortality @f ZtHE HFSL|CE O] HAFO A PEEP 2 5-20cmH,07}+X|
FASHH HEE|RFOLL PEEP 1f 28-day mortality, ventilator free day 29| #tHd2 HOFX| &
LIt O] ¥+t Carlos Ferrando 50| AH| Q0| AlbSHY] 70| ZHESH Bzt 2E B
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o|2{st HJPES HIEtO 2 COVID-19 ARDS 0O CH8| H2|k|1 QY= mechanical ventilator

management 0f ZHHEl G2 AJjc2iL|C}

B COVID-19-associated acute respiratory distress syndrome: is a different approach to

management warranted? (Lancet Respir Med 2020; 8: 816-21)

i o2 A10jA COVID-19 ARDS 7t classical ARDS @F H|Z=%t respiratory system mechanics
£ B0 FI QU&ELCH OFAI7IEI COVID-19 ARDS 7t classical ARDS @ 5210| CH2 entity & E
O &L= Hetsl 2AH7F 27(0] 7|&2] lung protective ventilation, prone position, venovenous

ECMO M2fo| 12 EL|ch

Timing of intubation:
-Consideration:

® No high quality clinical tiral evidence addressing optimal timing of intubation in ARDS is

available

® Intubation might be beneficial in patients with high respiratory drive and at high risk of

patient self-inflicted lung injry

® Non-invasive ventilation has been associated with worse outcomes when PaO,/FiO, ratio

< 150 in ARDS

® Detrimental consequences of intubation and invasive ventilatiorn (eg. related to sedation,
paralysis, and endotracheal tube complications) might outweigh benefits, especially in
patients with mild hypoxemia and without high respiratory drive or work of breathing;
consequences for other pateints becasuce of bed and ventilator shortages in the ICU should

be considered
-Potential course of action

® Consider timely intubation as indicated by refractory hypoxaemia or hypercapnia, and by
objective evidence of high work of breathing on clinical examination (eg, phasic [not tonic]

contraction on palpation of sternomastoid) or by esophageal manometry
Tidal volume
-Consideration:

® Low tidal volume ventilation results in improved outcomes in patients with and without



ARDS and should be the starting point for ventilatory management of patients with ARDS
(ie, 6 mL/kg PBW)

-Potential course of action
® Lower tidal volume as needed to 4 mlL/kg PBW to keep plateau pressure <30 cm H,O

® Liberalise tidal volume (up to 8 mL/kg PBW) in patients who are double triggering, or if

inspiratory airway pressure decreases below PEEP, keeping plateau pressure <30 cm H,O
® Ideally, keep driving pressure <14 cm H,0
PEEP
-Consideration:

® Higher PEEP might be beneficial in patients with high recruitability, with better gas

exchange and reduced risk of ventilator-induced lung injury

® Higher PEEP can be harmful in patients with low recruitability, who have hypoxaemia due
largely to pulmonary vascular pathology; high PEEP can lead to adverse haemodynamic

effects or barotrauma
® Improvement in partial pressure of arterial oxygen with increased PEEP can be misleading
-Potential course of action

® Individualise PEEP; consider higher PEEP in patients with evidence of higher potential for
recruitment (eg, as suggested by CT scan or recruitment to inflation index) or with a

body habitus or clinical exam that suggests high pleural pressures are likely
® Evaluate response to changes in PEEP at the bedside
Prone positioning
-Consideration:

® Prone positioning is associated with improved outcomes in patients with moderate or
severe ARDS, with improved ventilation or perfusion matching, more homogeneous

distribution of ventilation, and reduced risk of ventilator-induced lung injury
® Staffing and resource demands can limit feasibility during surges in case volume
® Efficacy and safety of prone positioning in awake, non-intubated patients remain

-Potential course of action



® In the absence of contraindications, use prone positioning in mechanically ventilated

patients with PaO,/FiO, ratio <150
Venovenous ECMO
-Consideration:

® Patients can develop refractory hypoxaemia or have mechanics leading to potentially

injurious levels of mechanical ventilation, despite optimisation of conventional measures

® Staffing and resource demands can limit feasibility during an increase in the number of

cases
-Potential course of action

® Consider venovenous ECMO in patients with refractory hypoxaemia or high driving
pressures or respiratory acidosis despite conventional lung-protective measures (eg,

higher PEEP or prone positioning)
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