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» Diffuse bilateral patchy infiltrates
Ground glass opacifications
Sparing of aerated spaces

* Initial Hypoxemia out of proportion from the
derangement in lung mechanics and radiologic

expresion

* Profound derangement in gas exchange
Increased shunt and later stages Dead space

* Angiocentric Pathophysiolgy

Involment: endothelium >> endothelium
Vascular dysfunction (thrombosis
Perfusion mal-distribution

Vasodilation- vascular shunt




Integrating the evidence: confronting the M
COVID—1 9 elepha nt Intensive Care Med (2020) 46:1904-1907 SaludMadrid

John J. Marini"”"®, R. Phillip Dellinger? and Daniel Brodie®
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Better Lung Compliance Worse Lung Compliance
Ineffective Recruitment ol Sy—" - Usual PEEP & Prone Responses
Atypical PEEP Response Extensive Shunting

V/Q Mismatching Edematous Lungs

Gas Filled Lungs e Consolidating Infiltrates
‘Ground Glass’ Infiltrates Multi-Organ Dysfunction
Adequate Organ Function Extensive Thrombogenesis
Limited Inflammation Inflammation and Fibrosis

Immune Suppression (?) Cytokine Release (?)




Clinical features, ventilatory management, @

®

and outcome of ARDS caused by COVID-19 are
similar to other causes of ARDS

Carlos Ferrando'?"®, Fernando Suarez-Sipmann?**, Ricard Mellado-Artigas', Maria Hernéndez®, Alfredo Gea®,
Eqgoitz Arruti’, César Aldecoa®, Graciela Martinez-Palli’, Miguel A. Martinez-Gonzalez”'°, Arthur S. Slutsky'""'?

2111’3 .

and Jesus Villar

Take-home message

COVID-19 patients with ARDS predominantly presented a typical
moderate-to-severe ARDS. Ventilatory management, and 28-day

100
o0- I I outcome did not differ from other causes of ARDS.
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30 Discharged from ICU
20+ Length of time on the ventilator

Stillin ICU

Still under invasive MV
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28-day mortality

ICU length of stay

ICU length of stay of discharge patients
ICU length of stay of deceased patients

Table 2 Ventilation and outcomes according to ARDS severity

All
(n=742)

41[0-18]
401/742 (54%)
14[7-24]

100 (13%)
72(9.7%)

19(11-37]
17 [11-28]
17 [10-25]

Severe ARDS
(n=283) (n=331)

0[0-16] 6[0-18]
136/283 (48%) 185/331 (55%)
14[8-24] 14[7-24]

36 (12%) 47 (14%)

26(9.1%) 34 (10%)
@ 99 (29%)

19[12-35] gTTT=-39]
17 [12-28.9] 17 [11-30]
17 [11-27] 17 [9-26]

Moderate ARDS

+ + |
Mild ARDS pvalue T +
(n=128) — —
8[0-21] 0.069
80/128 (62%) 0017
13 [7-24] 0582
17 (13%) 0880
12(9.3%) 1.000
0005
1917T-36] 0894 T T T T T
17.5[10-27] 0940 " 14 TR

17 [10-21]

Ferrando C, Suarez-Sipmann F et al.

Intens Care Med 46, 2200-2211 (2020).



Lessons (l..) Learned From the Pandemic

SaludMadrid

Lung Protection is key

Reapraisal of the use of Adjuvant interventions: Sinergies!
PEEP Individualization is Key

Dangerous transition to spontaneous breathing




Ventilatory Management of C-ARDS S‘ﬁm

Lung Protective Ventilation

VT limitation to 4 - 8 mL/kg ideal 6-mL/kg
Pplat limitation ideal <28 cmH,O max < 30 cmH,0O
Driving Pressure limitation < 15 cmH, 0O

RR minimum necessary to ensure suffcient CO, elimination

PEEP individualized to minimize lung collapse and overdistension

Adjuvant measures
Muscle relaxation

Prone positrioning
Recruitment maneuvers
Nitric oxide



And so... the Paella is ready M
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Contents lists available at ScienceDirect
International Journal of Gastronomy and Food Science

journal homepage: www.elsevier.com/locate/ijgfs

A nightmare glocal discussion. What are the ingredients of
Paella Valenciana?

P. Vidal-Gonzalez ™, P. Medrano-Abalos ", E.J. Saez Alvarez"”

# Anthropology Research Institute, Universidad Catélica de Valencia, Spain
b Nursing School, Universidad Catdlica de Valencia, Spain, Guillem de Castro, 94, 46003, Valencia, Spain

After a quantitative investigation among non-professional chefs from the 266 towns in the province of
Valencia, we found that 10 ingredients are repeated with a very high frequency and that we consider to be the
basic ingredients. Fifty other ingredients were identified that are used occasionally, as a sign of the diversity and
richness of the dish. This study is provided to offer guidelines to focus debate and social discussion on what the
ingredients of a “true Paella Valenciana” should be.



The complex heterogeneous ARDS lungk M
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Use of Adjunctive Measures in ARDS a Vi
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Status Before the Pandemic SAFE Study

2377 ARDS patients
9%|

- .2\ 4591CUs
50 countries
¥ 5 continents.

ALL %

22%|

MILD
ARDS

B iNO
] Prone position
MODERATE q || Recruitment Maneuvers

ARDS
[ ] Muscle Relaxants

SEVERE
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Synergies 2
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The search and use of synergistic effecs is common
(and necessary) in clinical medicine

Oncology

* Chemotherapy
(adyuvant, early consolidation)

Infectious diseases
 Antibiotics
(e D ‘
_____ v Ventilatory Management of ARDS?
J“"“r-’ ‘\ k.~

Knowledge of mechanisms of action and predominant pathophysiological
aspects of each stage of the in the evolution is critical for applying the
correct therapeutic strategies




Adjuvant Measures- Sinergies M

Adjuvant Measures

Prone Positioning

Recruitment
Maneuvers

Nitric Oxide

SaludMadrid

Objectives
 Homogenize Ventilation
Minimize collapse and overdistension
Tfunctional size of the lung

Improve compliance--- reduce driving pressure
“strain”

« Reduce cyclic changes in transpulmonary pressure

. l risk of pulmonary vascular dysfunction and RV failure

* Improve gas-Exchange and lFlO2 needs



+ Pleural Pressure -

Effects or Prone Positioning wm

Supine

-- Transpulmonary Pressure +

>

Non-Dependent lung ' Dependent Lung

Re-aeration of dorsal lung regions that maintain a greater perfusion




Effects of proning measured by EIT M
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9 C-ARDS patients

Regional compliance Ventilation distribution Perfusion distribution V/Q mismatch
(mJomH20) (%) (%) (%) Supine  Prone

High V/Q
33%
45%

Perier F et al AUORCCM 2020 epub)

17 6.1

10

5.7
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Prone Supine  Prone Supine  Prone Supine Prone
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Prolongued/Delayed Prone sessions S‘f;m

Timeline prone/supine position (hours) Plf%:tazlt"(]‘{/) (dhg\;s) Ou&:j%r?e
} o

47 3 47 32 Fa a9 : Prone [ Supine 75 23 A
[

243 48 ! I 50 17

5| 47 15
: 1
a8 1 4 :
2 6 4 6 45 2 4
87 @27 M

51 20 23

g 10 11 12 13 14 15 16 17 18 18

Mean duration of Prone sessions 48h

Concha P, et al. Med Intensiva. 2022;46:161-163.



Lung Recruitment and individualized PEEP

Salud

When lung collapse is an important pathophysiological component...

Baseline Post-Recruitment + PEEP

7

Less heterogenity
Increased functional size
Increased compliance

Lager EELV

Fernando Suarez Sipmann HULP 2022




Autmated Open Lung Procedure

PRESION CONTROLADA ~

AJUSTES SRECLUT. AUTOM.

Presiéon {emH,0)

[ « 2 3 (i)

52 60s
45 cmty0 —— @----m---- pe=a

H
35 ittt
eand

-y
-

.....

Duracion: 8 min & s
1 Reclutamiento
2 Ajuste de la PEEP

3 Repeticién reclutamiento
4 Reclutamiento posterior

Reclutamiento

PEEPméx F resp. Pméx A PEEP/paso  Respirac./  Respirac. con

0 15 45 5 5 15 ¢

Ajuste de la PEEP y reclutamiento posterior

PEEPinicial Ve/PBW Respirac./
paso
20 6.0 )
Ve 376 ml

Cancelar Continuar

M
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Recruitment Phase

Cycling Pressure Controlled Ventilation
Incremental PEEP steps with fixed AP

PEEP titration
Volume Controlled Ventilation
2 cmH,O PEEP steps
Automatic detection of optimal PEEP
Based on maximal Cdyn



Individualized PEEP M

11||l|

PEEP that minimizes lung colapse and overdistension

Decremental PEEP titration

(O*HWOqW) uhpD ¥

> 5% Collapse

o 50 71 Constant Ventilator Settings
T Step reductions in of PEEP 50 — 40 seconds steps
E w0
4
2 07 PEEP = 24 mm
& .......
o 20 - 24 292 l Hﬂﬂ ﬂﬂﬂ
§ 10 1 14
14
< 0 -
600 ] r30
=)
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=
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o
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- |t & r:ff‘f;fisf;fi,,,,i - 1 e
O 0 -
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Baseline "

Decremental PEEP levels (cmH,0)

Suarez Sipmann et al Crit Care Med 2007; 35:214-221



Automatic PEEP detection

A 0:50

‘ BW 65 kg

SRECLUT. AUTOM. (PC) — PRESION CONTROLADA

Reclutamiento posterior emH,O

Pactividad 14 10 ® 12
Cdin. 37 75 o
PEEP 12 10 50 mifemH,O
Vi 428 340
Vo/BW 66 | 58
& |
MANIOBRAS |
' Ajustes tras reclutamiento -,
1206 ml
PEEP PC sobre
PEEP
]
Aceptar 50 FLUIO I/m
Ajustes de las alarmas . =
Cone. de Oy

100

10 nn
INCREMENTC DE 50 § F | FAR
O, LB & e W

389

= : g
P 30
- - w

08:56
06/06/19

)
304

= N5
107

._[AIL\/\J Ve 326

M
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Automatic
PEEP
detection at
10 cmH,0

PaO,/F10, 161 mmHg
PaCO, 49 mmHg
Cdyn 37 mL/cmH,0
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Before After........ (10 min later)
E § swesig iy t@lﬂ § ewesig 08j06/19 l:IE

@  PRESION CONTROLADA - 1 K @  PRESION CONTROLADA - 1 K
EN ESPERA. 35 Pva emH:© 4  Paclividad Vei EN ESPERA 25 Pva emH,O =~ Ppico 4  Pactividad ci
% %k %k
m e 2 G e ¥ W gy 1
Mopce PEEP % Ve Mopce PEEP 15 Ves.
12 | 313 . 0 i 46
LIMITES DE ! : ! ' ' <mH;0 v ml et e 3 i ; emH;0 18] wl

RMA 7 FLUOI/m F resp. n | LE 13:] Cain. MA 0 FLUIOI/m [\4 /\ F resp. n | LE 115 Cain.
W | == 2 .. 272 -2 ~ 20 . 36.8

DUARCE Conc. de O3 . DUARCE Conc. de O3 °
rasp/min o N o« M\l e ml/emH,0
& ! & !
70 40 %
MANIOBRAS . ' i T BEE= = e == MANIOBRAS . ' i T BEE= = e ==
450 Vml < VMe < 450 Vml < VMe 00 <
=Y | 100 = Vol uman obpm =Y / | 7.4 s Velomen chisivo CD
: ! : 60mi/kg
VISTAS v I/m VISTAS v I/m
Ve/BW Ve/BW
-~ 57 -~ 6.4
R L N\|D e R Vo
45 Cone cc>2 mmHg &tCO; / o) etCO; &
a a n
BLOQUEAR LA 4 0 BLOQUEAR LA 4 7
PANTALLA PANTALLA
> mmHg Pier o ingaibes > mmHg Pier o ingaibes ‘
15 mii;0 15 mii;0
Conc. da O, FEEP F resp. PC sobra Conc. da O, PEEP F resp. PC sobra

=L o B o 8 10 B4t S s so f 10 8 20 F 12 & €

PaO,/F10, 136 mmHg PaO,/F10, 161 mmHg
PaCO, 47 mmHg PaCO, 49 mmHg
Cdyn 33 mL/cmH,0O Cdyn 37 mL/cmH,0O




Assessment of recruitability

SRECLUT. AUTOM. [PC] — PRESION CONTROLADA

Maniobra detenida

Closing Pressure could not be detected
Constant Increase in Cdyn

Possible reasons:

« Patient not depending on PEEP
» Check for leaks

Cerrar

cmH, O @
45
0
12 M
83 ml/emH, O
0

Minimum or no collapse
Low needs of PEEP
No need for RM =

0
60 FLUIO |/m

40

s

Pei ] 2
Pactividad 7
PEEP 5.0

Can  06.7

Ve 438

M
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COVID-ARDS PEEP tritration examples vV
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x ] :] 6 Prusba da circuito del pacients no r... ‘ PBW 75 kg ggf%%f2ﬂ
SRECLUT. AUTOM. lPC) — PRESION CONTROLADA [ 7
30s
Reclutamiento posterior cmH,;O —,
45 Pei ] 8
30 Pactividad e
Antes Después
16
Pactividad PEEP T .l
Cdin. 45.2 44 @
Cierre de PEEP
PEEP 16 1 7% mifemH,0 84
Vei 400 364
Ve/PBW 58 | 55
LYR IE =
- Cdin. 6 2 .0
MANIOBRAS |
' Ajustes tras reclutamiento 0
2016 mi
PEEP PC sobre

PEEP Vi 373

10 8 - O—JMM‘\

0 450

180 FLUJO |/m

Ajustes de las alarmas
180

Conc. de O,

100

17 NN 1N
INCREMENTO DE ] 00 g n 11 11}
Os v o U L")




Paso de la PEEP: 1

PEEP: 20.3 cmH,0

| ] [ ] Hiperdistension: 38.1%

. Colapso: 0.0%
Complacencia: 46.5 mL/cmH,0
Hiperdistension Colapso Acumulado
Paso de la PEEP: 2

PEEP: 18.3 cmH 0
Hiperdistension: 82.7%

Colapso: 0.2%
Complacencia: 48.7 mL/cmH,O

Hiperdistension Colapso Acumulado

Paso de la PEEP: 3
PEEP: 16.4 cmH,0
Hiperdistension: 26.0%
Colapso: 0.6%

Complacencia: 51.9 mL/emH,0

Hiperdistension Colapso Acumulado

Paso de la PEEP: 4

PEEP Compl — 4.4 cmb0
(CmHzo) (m L/C Hiperdistension: 18.4%

- 55.0
- 52.5

40

0
o
3
U Colapso: 2.2%
—~ n_j Complacencia: 53.1 mL/cmH,0
K 3071 F50.0 Q 20.3
S Hiperdistension Colapso Acumulado
o
[<}] (@] Paso de la PEEP: 5
9‘ 2 0 b i 47' 5 ;. 18.3 PEEP: 125 cmH,0
I — Hiperdistension: 15.1%
- B 4 5 . 0 3 Colapso: 3.9%
16.4
S 1 0 o 42 5 : i - Complacencia: 53.4 mL/cmH,0
B a)
’ 3 14.4 Paso de la PEEP: 6
I PEEP: 10.4 cmH,0
0 b i 40 - 0 N Hiperdistension: 6.3%
o 1 2 -5 Colapso: 6.3%
N By N ~ . - Complacencia: 53.7 mL/cmH,0O
20.0 15.0 10.0 10.4
Hiperdistension Colapso Acumulado
PEEP (cmHzO) 8 5 Paso de la PEEP: 7
. PEEP: 8.5cmH,0
Hiperdistension: 2.5%

-l Colapso @ Hiperdistension Complacencia 6.1

Colapso: 10.9%
“ Complacencia: 51.5 ml/emH,0O

Colapso Acumulado

Lt d
Colapso Acumulado Hiperdistension

Calidad Sefial Paso de la PEEP: 8

PEEP: 6.1 cmH,0

Hiperdistension: 0.0%

Colapso: 16.9%
- Complacencia: 47.9 mL/emH, 0

Hiperdistension Colapso Acumulado




C-ARDS patient

Individualizing the PEEP level

----- @ Hyperdistension (%) Collapse (%) @ Compliance (mL/cmH20)
60 - T :
PEEP titration in Supine
50 A
c
R
n
G
% 40 A @ 0 e @ @ ¢
5 e o V'S
R 301 g *
20°- Y
.......... .
10 A
......... .
0 T T T T T T .
20 18 16 14 12 10 8 6

PEEP (cmH,0)

- 65

- 60

- 55

- 50

- 45

- 40

- 35

30
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Individualizing the PEEP level

C-ARDS patient

----- @ - Hyperdistension (%) Collapse (%) @ Compliance (mL/cmH20)

%0 1 PEEP titration in Prone - 65

50 - . - 60

40 1 -+

% Hyperdistension

30 -
- 45

(OPHwWo/Tw) aoueldwon

20 A ..

0 ‘ - 35

I I I ' T T T ' 30
20 18 16 14 12 10 3 5
PEEP (cmH,0)
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Careful when selecting your PEEP! i

C-ARDS patient

PEEP 12 PEEP 10

----- @ - Hyperdistension (%) Collapse (%) @ Compliance (mL/cmH20)
60 - - 65

- 60

50 C . 15,1% == 6,3%

40 - 0

30 A

% Hyperdistension
[

- 45

- 40

(OHwo/qw) soueldwo)

20 - - e

101 . . 19,6% e 13,8%

T T T T T T T ‘ 30
20 18 16 (e 12 10 8 6 o @
4,2% 9,5%

PEEP (cmH,0)




Careful when selecting your PEEP!

C-ARDS patient

PEEP 14 PEEP 10

----- @ - Hyperdistension (%) Collapse (%) @ Compliance (mL/cmH20)
60 - - 65

- 60

50 - C - 18,4% == 6,3%

40 - 0

30 A

% Hyperdistension
[

- 45

- 40

(OHwo/qw) soueldwo)

10 - . | s 28% € 13,8%

T T T T T T T ‘ 30
20 18 16 14 12 10 8 6

1,8%

PEEP (cmH,0)
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90 Fully recored Decremental PEEP titrations (60 in supine 30 in prone)

PEEP,,, < PEEP \y 62% (2.6 + 2 cmH,0)

PEEP,, > PEEP¢ ,y 28% (3.1 £ 1.7 cmH,0)
PEEP,, = PEEPqy 10%

PEEP,,, 11.3+3.6
PEEPGq,, 10.5 + 3.1

Overall improvement in lung mechanics
60

50 - } } [] Before PEEP titration

40 [] After PEEP titration

30

20

Compliancegs Ppiat Pbriving

Sanchez Giralt et al. ICMex 2020 Conf-Abs




Physiological effects of INO M

SaludMadrid

NO
l » Selective Pulmonary Vasodilator
PaO
t ? * Improved VQ
\I/ Qs/Qt Blood Flow redistribution to better
I!'NO aerated regions
“NO. Dosis <10 ppm
|, PAP 3 g{j‘;- Improved Pulmonary Hemodynamics

|PVR and PAP

PVR
v Dosis 215-20 ppm
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RESEARCH LETTER Open Access

Inhaled nitric oxide in patients admitted to "’
intensive care unit with COVID-19
pneumonia Tova et s e 2020 24508

2

Guido Tavazzi'?*', Marco Pozzi’, Silvia Mongodi?, Valentino Dammassa', Giovanni Romito' and Francesco Mojoli*

Conclusion Pul V. lar Dvsfuncti
Overall, iNO did not improve oxygenation in COVID-19 uimonary vascular Uystunction

patients with refractory hypoxaemia, when administered l

as a rescue treatment after prone position. A subgroup
of patients with RV dysfunction was better iNO re-

sponders probably due to the haemodynamic improve-
ment associated with RV unloading.

INO 20 - 30 ppm With RV disfunction Without RVD-disfunction

PaO,/FIO,improvement  24.1% [9.2—43.5] 3.3% [-10.8 —11.5]
p =0.069
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 Variable response N=38
Shift of perfusion measured by EIT
Dorsal shift --- decrease in oxygenation and efficiency
Ventral shift — Increase in oxygenation PaO2/FiO2 by 30+ 28%
. Decrease in PaCO, by 2.3%
Best response evident between 5 and 15 ppm of INO

iINEX26lipem

Sanchez Giralt et al. ICMex 2020 Conf-Abs




Adjunctive measures during C-ARDS M
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[ Prone position
[ ] Recruitment Maneuvers

[ ] Muscle Relaxants

ARDS 8% o0
(LUNG SAFE data) -~
76% x9l
COVID 19 79%| x 311
72%
0 10 20 30 40 50 60 70 80 90

Ferrando C, Suarez-Sipmann F et al. Intens Care Med 46, 2200-2211 (2020).




The transition to spontaneous breathing M
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P-SILI Patient Self Inflicted Lung Injury

. e N

Impaired Gas Exchange

Capillary Leak Impaired Mechanics

Lung Edema
\ JPalv j
TVT, Pendelluft Increased
1 Ptp swings respiratory drive
P-SILI

o

Modiified from Brochard et al AURRCM 2017:195, 438-442




High respiratory drive

40 -

After16h Rocuronium 5 — 6 mg/h
Remifentanyl 0.2 ug/kg/min

.

P0.1 3-4 cmH,0O

IWINNEN

VT 7-8 mi/kgpgy

NAVA level 0.4
S 40 -
- 30
€ 30 -
= 2
8 20 - 0]
2 10 - 10
[a R 0 0
P0.1 10-14 cmH,O 1000
1000 - o
g e 600
S 600 -
S 400
g o 200
(@]
> 200 -
0
0
i VT 10 — 12 mi/kgpgw 50
40 40
S 30
2 30 A
= 20
5 20 1
10
10 -
0
0

Eadi 45 — 40 pV

Eadi 25-30 pV




Double Triggering and breath stacking s‘ﬂM

HULP

Patient ventilated with set V; = 6 mL/kg —
Sacked breaths : V=12 mL/kg and Py ,; = 28 cmH,0




Do you recognize this...?

PRESION CONTROLADA

O

EM ESPERA
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frvril
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35
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C-ARDS after 3 weeks of evolution

30 1

— T e 0.49 sec

" Tineyr 0.82 sec

25 A

o0 1/ Pressure

EAdI
15 - |
© \\_—\




And so... the Paella is ready M

Salud

Fernando Suarez Sipmann HULP 2022
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Déekuji mnohokrat!! / Muchas Gracias!! e

‘1 Hospital Universitario
' de La Princesa

SaludMadrid Comunidad de Madrid

Dept. Intensive Care Medicine
Hospital Universitario La Princesa
Universidad Autonoma de Madrid
Spain

Hedenstierna Laboratory

Dept. Surgical Sciences
Hedenstierna Laboratory
Uppsala University

Sweden
Fsuarez.sipmann@surgsci.uu.se
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