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Dear Editor,

Veno-venous extracorporeal membrane oxygenation (VV-
ECMO) in severe acute respiratory distress syndrome
(ARDS) can be lifesaving [1]. In these cases, the complex
brain-lung crosstalk might lead to a form of acute brain
injury that can pose a challenge on sedation strategies [2].
Furthermore, the pharmacokinetic alterations related to
the VV-ECMO therapy can lower plasma drug concentra-
tions, making the dose—response relationship of sedatives
unpredictable [3]. Complex sedation scenarios in VV-
ECMO ARDS patients are thus not rare. Volatile sedation
(VS) is a novel therapy in the critical care setting. Different
studies demonstrate that VS induces light to deep sedation
and is associated with shorter awakening times. Moreover,
it could improve oxygenation and decrease the produc-
tion of alveolar cytokines even in situations where lung
mechanics are deeply affected [4].

This retrospective study (January-2021/March-2023),
performed in eleven Spanish ECMO centers, included
patients with ARDS and VV-ECMO therapy who received
concomitant VS for at least 24 h. Patients under 18 years
and those who were pregnant were excluded. As the pri-
mary objective, we analyzed whether VS led to decreased
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intravenous (IV) sedation needs. As secondary objectives,
we investigated the repercussions of VS in sedation depth
and opioid usage, VS practices, and its impact on oxygena-
tion and mechanical ventilation (MV)/ECMO parameters.
Data were evaluated before the start of VS (DO0), at 24 h
(D1), and at 72 h (D3) after its initiation.

Sixty-six patients were included. The patients’ gen-
eral characteristics, main VV-ECMO indications, and
VS features are shown in supplementary Table 1S. On
DO, patients received a median of 2 (1;2) IV sedatives to
achieve a Richmond Agitation Sedation Scale (RASS)
score of —4 (—4; —5) and a bispectral index (BIS) level of
45 (40;60). Table 1 summarizes changes in practice after
VS. On D1 and D3, there was a decrease in the number of
IV sedatives required per patient [2 (1;2) at DO vs. 1 (0;2)
at D1 p=10.00; 2 (1;2) at DO vs. 0 (0;1) at D3 p =0.00] with
no significant changes in sedation depth as shown by the
BIS [45 (40;60) at DO vs. 42.5 (39.5;52) at D1 p=0.32; 45
(40;60) at DO vs. 50 (40;65) at D3 p=0.22] and RASS [— 4
(—4; —5) at DOvs. —5 (—4; —5) at D1 p=0.09; — 4 (— 4;
—5) at DO vs. —4 (—4; —5) at D3 p=0.48] values. Daily
doses of propofol, midazolam and opioids, excluding
remifentanil, remained stable on D3, but the number of
patients needing IV sedatives or neuromuscular blockade
(NMB) diminished (supplementary Table 2S and Fig. 1S).
A slight increase in tidal volume and PaO,/FiO, ratio
(supplementary Fig. 2S) and a decrease in positive end-
expiratory pressure (PEEP) were found.

This multicenter study describes VS usage in ARDS
patients undergoing VV-ECMO and ultraprotective MV.
This study, like the single-center study by Graselli et al.,
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Table 1 Changes in practice after introducing volatile sedation

Categorical variables

OR (95%Cl) p N (%) OR(95%Cl) p
value

0.05 0.00 18 0.02 0.00

(0.01;0.24) (27.3) (0;0.11)

0.1 000 13 0.02 0.00

(0.03;0.37) (19.7) (0,0.11)

027 027 4 012 0.14

(0.02;3.16) 6.1) (0;1.92)

03 015 4 0.30 0.15

(0.06; 1.53) 6.1) (0.06; 1.53)

2.73 0.5 5 2.73 0.5

(0.15; 50.25) (7.6) (0.15; 50.25)

7.86 007 26 33 0.21

(0.81;76.1) (39.4) (0.51;21.42)

019(0031.16) 007 19 019 007
(28.8) (0.03;1.16)

238 027 20 5.26 0.07

(0.5;11.26) (30.3) (0.86; 32)

0.26 000 18 0.23 0.01

(0.09;0.71) (27.3) (0.08; 0.66)

1.8 023 44 1.72 0.28

(0.69; 4.76) (66.7) (0.64;4.62)

Numerical variables

DO D1
N (%) OR (95%Cl) N (%)
Propofol 52 RC 26
(78.8) (39.4)
MDZ 45 RC 24
(68.2) (36.4)
Ketamine 5 RC 7
(7.6) (10.6)
DXMD 6 RC 4
9.1) 6.1)
Clonidine 5 RC 6
(7.6) 9.1
Remifentanil 22 RC 27
(33.3) (40.9)
Fentanyl 26 RC 21
(394) (31.8)
Morphine 16 RC 19
(24.2) (28.8)
cNMB 32 RC 20
(48.5) (30.3)
CATECH 39 RC 46
(59.1) (69.7)
DO D1
Median (p25;p75) Coeff Median (p25;p75)
(95%Cl)
Ne |V SED 2 RC 1
(1;2) ©;2)
BIS value 45 RC 425
(40; 60) (39.5;52)
RASS value —4 RC -5
(=5-4 (=5-4

Coeff p Median (p25;p75)

(95%Cl) value

—-08 000 O —1.1 0.00
(—1;,—06) ©o; 1) (—1.3;,—09)

—-26 032 50 33 0.22
(—78;26) (40; 65) (—2;87)

—-03 009 -4 0.1 048
(—0.63;0.05) (=5 —4) (—0.22;0.5)

MDZ midazolam, DXMD dexmedetomidine, cNMB continuous infusion of neuromuscular blocking agents, CATECH catecholamines, N°/V SED number of
simultaneously needed IV sedatives to achieve target sedation levels, BIS bispectral index, RASS Richmond Agitation Sedation Scale. The RASS values presented
correspond solely to the group of patients without cNMB (DO n = 43; D1 n = 46; D3 n = 45). C/ confidence interval, OR odds ratio, RC reference category

found that VS is feasible in this population and is asso-
ciated with less need for IV sedatives without compro-
mising the optimal level of sedation or MV efficacy [5].
The introduction of VS can help decrease the usage of
continuous NMB and might lead to better oxygenation,
although these findings need further study.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1007/500134-024-07479-4.

Author details

! Intensive Care Department, Hospital Universitario Puerta de Hierro,
Majadahonda, Madrid, Spain. ? Intensive Care Department, Hospital Clinico
Universitario Virgen de La Arrixaca, El Palmar, Murcia, Spain. * Intensive Care
Department, Hospital Universitari Vall d’'Hebron, Barcelona, Spain. “ SODIR, Vall
d'Hebron Research Institute, Barcelona, Spain. ° CIBERES, Instituto de Salud

Carlos Ill, Madrid, Spain. © Intensive Care Department, Hospital Universitario
Ramoén y Cajal, Madrid, Spain. ” Intensive Care Department, Hospital General
Universitario Gregorio Maranon, Madrid, Spain. 8 Intensive Care Department,
Hospital Universitario La Paz, Madrid, Spain. ° Intensive Care Department,
Hospital Universitari i Politécnic La Fe, Valencia, Spain. '° Intensive Care Depart-
ment, Hospital Universitario Rey Juan Carlos, Mdstoles, Madrid, Spain. ' Inten-
sive Care Department, Hospital Universitario Regional de Malaga, Mélaga,
Spain. ' Intensive Care Department, Hospital Universitario Virgen Macarena,
Sevilla, Spain. * Intensive Care Department, Hospital Universitario Doce de
Octubre, Madrid, Spain. ™ Biostatistics Unit, Hospital Universitario Puerta de
Hierro Majadahonda, IDIPHISA. CIBERESP, ISCIl, Majadahonda, Madrid, Spain.

Acknowledgements

We acknowledge Beatriz Lobo Valbuena, Carlos Chamorro, and Miguel Angel
Romera for their review of the manuscript and input on the text. VS on V-
ECMO Research Group: José Manuel Gdmez. Intensive Care Department. Hos-
pital General Universitario Gregorio Maraidn (Madrid, SPAIN). Andoni Garcia.
Intensive Care Department. Hospital Universitario La Paz. (Madrid, SPAIN).
Sergi Tormo. Intensive Care Department. Hospital Universitari i Politécnic La
Fe (Valencia, SPAIN). Manuel Pérez Torres. Intensive Care Department. Hospital


https://doi.org/10.1007/s00134-024-07479-4
https://doi.org/10.1007/s00134-024-07479-4

1163

Universitario Rey Juan Carlos (Mdstoles, Madrid, SPAIN). Carolina Joya Montosa.

MD. Intensive Care Department. Hospital Universitario Regional de Mélaga
(Malaga, SPAIN). Manuela Garcia Sdnchez. Intensive Care Department. Hospital
Universitario Virgen Macarena (Sevilla, SPAIN). Susana Temprano Vazquez. MD.
Intensive Care Department. Hospital Universitario Doce de Octubre (Madrid,
SPAIN). Ana Royuela. PhD. Biostatistics Unit. Hospital Universitario Puerta de
Hierro Majadahonda, IDIPHISA. CIBERESP, ISCIIl (Majadahonda, Madrid, SPAIN).

Author Contribution

All authors contributed to the study’s conception and design. Material prepa-
ration and data collection were performed by SAC, AdS, SC, JR, AB, AG, ST,
MPT, CJM, MGS and ST. AR and SAC performed the analysis. SAC wrote the first
draft of the manuscript, and all authors commented on previous versions. All
authors read and approved the final manuscript.

Funding
This study was non-funded and received no financial support.

Data availability statement
All gathered date is available upon request from the authors.

Declarations

Conflicts of interest

SAC has received lecture fees from Sedana Medical and Orion Pharma. MGS
has received lecture fees from Sedana Medical and Medtronic. SC, JMG, and
ST have received lecture fees from Sedana Medical. All other authors have no
conflicts of interest to declare.

Ethical statements

The study was approved by the Ethics Committee of Hospital Universitario
Puerta de Hierro Majadahonda (Comité de Etica de Investigacion con
Medicamentos 143/22), and written informed consent was waived due to its
retrospective design.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Accepted: 3 May 2024
Published: 16 May 2024

References

1. Grasselli G, Calfee CS, Camporota L, Poole D, Amato MBP, Antonelli M et al
(2023) ESICM guidelines on acute respiratory distress syndrome: defini-
tion, phenotyping and respiratory support strategies. Intensive Care Med
49:727-759. https://doi.org/10.1007/500134-023-07050-7

2. BassiT, Taran S, Girard TD, Robba C, Goligher EC (2024) Ventilator-
associated brain injury—VABI: a new priority for research in mechanical
ventilation. Am J Respir Crit Care Med. https://doi.org/10.1164/rccm.
202401-0069VP

3. Romera-Ortega MA, Chamorro-Jambrina C (2023) Analgo-sedation strate-
gies in patients with ECMO. Med Intensiva (Engl Ed) 47:165-169. https.//
doi.org/10.1016/j.medine.2022.10.013

4. Jabaudon M, Boucher P, Imhoff E, Chabanne R, Faure JS, Roszyk L, Thiba-
ult S, Blondonnet R, Clairefond G, Guérin R, Perbet S, Cayot S, Godet T,
Pereira B, Sapin V, Bazin JE, Futier E, Constantin JM (2017) Sevoflurane for
sedation in acute respiratory distress syndrome. A randomized controlled
pilot study. Am J Respir Crit Care Med 195:792-800. https://doi.org/10.
1164/rccm.201604-06860C

5. Grasselli G, Giani M, Scaravilli V, Fumagalli B, Mariani C, Redaelli S, Lucchini
A, Zanella A, Patroniti N, Pesenti A, Foti G (2021) Volatile sedation for acute
respiratory distress syndrome patients on venovenous extracorporeal
membrane oxygenation and ultraprotective ventilation. Crit Care Explor
3(1):e0310. https://doi.org/10.1097/CCE.0000000000000310


https://doi.org/10.1007/s00134-023-07050-7
https://doi.org/10.1164/rccm.202401-0069VP
https://doi.org/10.1164/rccm.202401-0069VP
https://doi.org/10.1016/j.medine.2022.10.013
https://doi.org/10.1016/j.medine.2022.10.013
https://doi.org/10.1164/rccm.201604-0686OC
https://doi.org/10.1164/rccm.201604-0686OC
https://doi.org/10.1097/CCE.0000000000000310

	Volatile sedation practices in patients with severe acute respiratory distress syndrome under VV-ECMO support
	Acknowledgements
	References




