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Abstract
In the intensive care unit, patients are subject to discomforts and pain. Their management is essentially based on
pharmacologic approaches. Immersive virtual reality could represent an adjunctive non-invasive and nonpharmacological pain control technique. It is based on real-time interaction with an artificial 360° immersive world
using interfaces that enable physical and emotional perceptions to make the user feel better trying to reduce pain
perception and to limit anxiety. Evaluation of virtual reality in intensive care unit is lacking and further studies are
necessary before to introduce this alternative method for critical patients.
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In the intensive care unit (ICU), patients are subject to
discomforts such as aggressive noises, lights, and pain
which can be perceived as a hostile environment. Anxiety and discomfort generated by repeated medical cares
and invasive procedures can induce cognitive disorders
in critical illness survivors [1]. Depression and posttraumatic stress disorder (PTSD) (incidence between 25
and 44%) [1, 2] are an integral part of the so-called postintensive care syndrome (PICS) [3]. The PICS is increased by memories of frightening ICU experiences and
is known to be associated with an increased morbiditymortality and an impaired quality of life [2]. Physicians
have recently started using immersive virtual reality
(VR) as an adjunctive non-invasive and nonpharmacological pain control and anxiolysis technique.
VR is based on real-time interaction with an artificial
360° immersive world; the patient can experience combinations of visual and auditory stimuli that help to
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immersing himself into the computer-generated reality
and create a sense of presence within the environment.
According to the “gate control” theory [4], higher
order thought processes, by closing the nerve gates to
painful input, can change how the patient interprets incoming pain signals and can even change the amount of
pain signals allowed to enter the brain. Thus, the hypothesis is that VR, by providing multisensory input, deflects attention into the virtual world and away from the
pain. In 1999, Eccleston et al. theorized that any other
attentional distraction may be placed in competition
with the noxious stimulus and may inhibit interruption
by pain [5]. This theory was strengthened by Hoffman
et al. who used the combination of VR and brain fMRI
(functional magnetic resonance imaging) to study the
impact of VR on eight brain activity subjects during a
painful thermal stimuli [6]. VR significantly reduced subjective reports of time spent thinking about pain by 44%,
emotional pain by 45% and sensory pain ratings by 30%
and can significantly reduce pain-related brain activity in
five brain regions associated with emotional and sensory
component of pain [6]. Since then, the literature on VR
and pain management has increased. A randomized
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control trial showed that VR significantly reduced
pediatric acute procedural pain and anxiety during a
blood draw as compared with standard care [7]. Patients’
pain ratings during burn wound care significantly
dropped when patients were distracted by immersive VR
[8]. A meta-analysis suggested a positive effect on pain
of VR versus standard care in 16 randomized controlled
trials in acutely painful procedures although the strength
of this finding was limited by clinical and statistical heterogeneity [9].
Although research on VR as a treatment intervention
is on the rise, the literature on this topic in the adult
ICU is quite sparse. In 2019, Blair et al. reported the case
of a ventilated female on veno-venous extracorporeal
membrane oxygenation (ECMO) placed under VR who
subjectively reported decreased anxiety after each session
[10] Gerber et al. demonstrated the feasibility of the use
of VR for relaxation in the ICU and reported a significantly reduction of vital markers of physical stress (heart
rate and blood pressure) in 37 patients [11]. Recently, literature showed that a VR meditative intervention improved patients’ experience in the ICU by reducing
anxiety and depression [12] and by improving the quality
of patients’ sleep [13]. The results appear promising
since it showed that critically ill patients mostly considered the sessions enjoyable and relaxing [14].
To the best of our knowledge, no studies have examined VR technology to improve ICU patients experience
during painful procedures. The management of acute
pain related to healthcare interventions remains a major
global challenge. In our view, it will be interesting to assess the use of VR during acute painful procedures or
chronic daily use in the ICU adult patients, without
neurologic disorder, ventilated or not. We assume that
reducing excessive pain may also reduce the stress experienced by the patient, the patient’s family and the health
care givers. It will be interesting to evaluate if VR, by
creating a distraction from unavoidable discomforts, can
reduce anxiety and pain. Further clinical studies with
standardized protocols and a well-trained professional
team are required to assess feasibility and safety of this
technique. The objective is to propose an immersive
360° visual experience that offers an opportunity for patients to be active in choosing experiences to relax their
mind and their body: the patient decides which natural
scenes (such as mountains or lakes) and background
sounds he wants and how long each session would last
to immerse himself in the experience. In terms of safety,
it is important to study any side effects that may occur
during a session: tolerance of the headset isolation, neurocognitive (anxiety, agitation), or physical (nausea and
vomiting, displacement of the medical device) effects
and risk of cross infection between patients. The challenge for the future is to make VR accessible 24/7 to

Page 2 of 3

improve patients’ ICU experience and to introduce alternative methods for patients’ recovery.
Abbreviations
ICU: Intensive care unit; PTSD: Post-traumatic stress disorder; PICS: Postintensive care syndrome; VR: Virtual reality; fMRI: Functional magnetic
resonance imaging; ECMO: Extra corporeal membrane oxygenation
Acknowledgements
We thank the Toulouse Intensive Care Units for their help in the use of
virtual reality tools and in particular Séverine Sudres and Maximilien Hutellier.
Authors’ contributions
FVB and FP wrote the manuscript. VM made corrections in the manuscript.
The author(s) read and approved the final manuscript.
Funding
Not applicable
Availability of data and materials
Not applicable

Declarations
Ethics approval and consent to participate
Not applicable
Consent for publication
Not applicable
Competing interests
Not applicable
Author details
1
Anesthesiology and Critical Care Unit, Toulouse University Hospital, 1 av du
Pr Jean Poulhès, 31400 Toulouse, France. 2RESTORE UMR 1301, Inserm 5070
CNRS, Paul Sabatier University, Toulouse, France. 3INSERM U1297, Paul
Sabatier University, Toulouse, France. 4Toulouse University Hospital, 1 av du
Pr J Poulhès, 31400 Toulouse, France.
Received: 13 January 2021 Accepted: 11 March 2021

References
1. Hatch R, Young D, Barber V, Griffiths J, Harrison DA, Watkinson P. Anxiety,
depression and post traumatic stress disorder after critical illness: a UK-wide
prospective cohort study. Crit Care dec. 2018;22(1):310. https://doi.org/10.11
86/s13054-018-2223-6.
2. Parker AM, Sricharoenchai T, Raparla S, Schneck KW, Bienvenu OJ, Needham
DM. Posttraumatic stress disorder in critical illness survivors: a metaanalysis.
Crit Care Med. mai. 2015;43(5):1121–9. https://doi.org/10.1097/CCM.
0000000000000882.
3. Marra A, Pandharipande PP, Girard TD, Patel MB, Hughes CG, Jackson JC,
Thompson JL, Chandrasekhar R, Ely EW, Brummel NE. Co-Occurrence of
post-intensive care syndrome problems among 406 survivors of critical
illness. Crit Care Med. 2018;46(9):1393–401. https://doi.org/10.1097/CCM.
0000000000003218.
4. Melzack R, Wall PD. Pain mechanisms: a new theory. Science. 1965;
150(3699):971–9.
5. Eccleston C, Crombez G. Pain demands attention: a cognitive-affective
model of the interruptive function of pain. Psychol Bull mai. 1999;125(3):
356–66. https://doi.org/10.1037/0033-2909.125.3.356.
6. Hoffman HG, Richards TL, Coda B, Bills AR, Blough D, Richards AL, et al.
Modulation of thermal pain-related brain activity with virtual reality:
evidence from fMRI. Neuro Rep. 2004;15(8):1245–8.
7. Gold JI, Mahrer NE. Is Virtual Reality Ready for Prime Time in the Medical
Space? A Randomized Control Trial of Pediatric Virtual Reality for Acute
Procedural Pain Management. J Pediatr Psychol. 2018;43(3):266–75.
8. Hoffman HG, Patterson DR, Carrougher GJ. Use of virtual reality for
adjunctive treatment of adult burn pain during physical therapy: a

Puel et al. Journal of Intensive Care

9.

10.

11.

12.

13.

14.

(2021) 9:30

controlled study. Clin J Pain. 2000;16(3):244–50. https://doi.org/10.1097/
00002508-200009000-00010.
Chan E, Foster S, Sambell R, Leong P. Clinical efficacy of virtual reality for
acute procedural pain management: A systematic review and meta-analysis.
PLoS One. 2018;13(7):e0200987 Danovitch I, éditeur.
Blair GJ, Kapil S, Cole SP, Rodriguez S. Virtual reality use in adult ICU to
mitigate anxiety for a patient on V-V ECMO. J Clin Anesth. 2019;55:26–7.
https://doi.org/10.1016/j.jclinane.2018.12.033.
Gerber SM, Jeitziner M-M, Wyss P, Chesham A, Urwyler P, Müri RM, Jakob
SM, Nef T. Visuo-acoustic stimulation that helps you to relax: a virtual reality
setup for patients in the intensive care unit. Sci Rep. 2017;7(1):13228.
https://doi.org/10.1038/s41598-017-13153-1.
Ong TL, Ruppert MM, Akbar M, Rashidi P, Ozrazgat-Baslanti T, Bihorac A,
et al. Improving the Intensive Care Patient Experience With Virtual
Reality—A Feasibility Study. Crit Care Explorations. 2020;2:7.
Eccleston C, G Crombez. “Pain demands attention: a cognitive-affective
model of the interruptive function of pain.” Psychological bulletin 1999;
125(3):356-66. https://doi.org/10.1037/0033-2909.125.3.356.
Turon M, Fernandez-Gonzalo S, Jodar M, Gomà G, Montanya J, Hernando D,
Bailón R, de Haro C, Gomez-Simon V, Lopez-Aguilar J, Magrans R, MartinezPerez M, Oliva JC, Blanch L. Feasibility and safety of virtual-reality-based
early neurocognitive stimulation in critically ill patients. Ann Intensive Care.
2017;7(1):81. https://doi.org/10.1186/s13613-017-0303-4.

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

Page 3 of 3

