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Abstract

Background Virtual reality (VR) and augmented reality (AR) are rapidly developing technologies that offer a wide
range of applications and enable users to experience digitally rendered content in both physical and virtual space.
Although the number of studies about the different use of VR and AR increases year by year, a systematic overview
of the applications of these innovative technologies in intensive care medicine is lacking. The aim of this systematic
review was to provide a detailed summary of how VR and AR are currently being used in various areas of intensive
care medicine.

Methods We systematically searched PubMed until 1st March 2023 to identify the currently existing evidence for dif-
ferent applications of VR and AR for both health care providers in the intensive care unit and children or adults, who
were in an intensive care unit because of a critical illness.

Results After screening the literature, a total of 59 studies were included. Of note, a substantial number of publica-
tions consists of case reports, study plans or are lacking a control group. Furthermore, study designs are seldom
comparable. However, there have been a variety of use cases for VR and AR that researchers have explored. They can
help intensive care unit (ICU) personnel train, plan, and perform difficult procedures such as cardiopulmonary resusci-
tation, vascular punctures, endotracheal intubation or percutaneous dilatational tracheostomy. Patients might benefit
from VR during invasive interventions and ICU stay by alleviating stress or pain. Furthermore, it enables contact

with relatives and can also assist patients in their rehabilitation programs.

Conclusion Both, VR and AR, offer multiple possibilities to improve current care, both from the perspective
of the healthcare professional and the patient. It can be assumed that VR and AR will develop further and their appli-
cation in health care will increase.
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Background

Virtual reality (VR) and augmented reality (AR) are
emerging technologies that allow various applications,
ranging from immersive entertainment or educational
experiences to medical care. VR is defined as the user’s
complete immersion into a virtual three-dimensional
environment, while AR retains the connection to the
real world but supplements it with virtual elements to
increase information [1]. Both VR and AR necessitate
special VR/AR glasses for the user. Medical applica-
tions are growing and there are already areas that have
been intensively researched, such as cardiovascular
care [2] or neurosurgery [3]. The technologies are also
increasingly being used in intensive care medicine and
might positively influence this area of medicine from
the perspectives of both medical staff and patients [4].
In a safe environment, VR can help health care provid-
ers in acquiring and practice complex intensive care
procedures [5]. Augmented reality can also support the
user both before and during procedures by integrating
various additional information into reality [6]. From
the patient’s point of view, VR can help to reduce stress
during the stay in the intensive care unit through dif-
ferent means, such as distraction from pain, for both
adults [7] and children [8]. In addition, by combining
virtual reality and gaming, it is possible to improve
cognitive and motor skills [9]. Thus, VR and AR could
potentially be used at different time points by several
users and for different purposes.

The present systematic review presents the current
status of the application of VR and AR in critical care
medicine. Based on a literature review, we summarized
the current state-of-the-art.

Methods

Literature search

We systematically searched PubMed databases for pub-
lications up until 1st March 2023, applying the following
keywords: “VR” and “ICU’ “virtual reality” and “ICU’,
"virtual reality” and "critical care", “virtual reality” and
“intensive care unit’, "augmented reality" and "ICU, “aug-
mented reality” and "critical care”, "augmented reality"
and "intensive care", “mixed reality” and “ICU’ "mixed
reality” and "critical care", “mixed reality” and “intensive
care unit” (Appendix 1) to identify all published studies
reporting on the application of virtual or augmented real-

ity in the intensive care unit.

Eligibility and selection criteria

Eligible articles were: randomized controlled trials,
nonrandomized trials, observational studies (cases and
controls, cohort, and cross-sectional studies), proof-
of-concept studies, study protocols, and case reports
or series. All studies that met the following criteria
were included: (1) type of participants: subjects were
either health care providers in the intensive care unit or
children or adults, who were in an intensive care unit
because of a critical illness. (2) Type of interventions: VR
or AR (3) Language: studies published in English or Ger-
man, both in full text or abstract-only formats.

Data abstraction

Three independent reviewers screened all articles using
the above-mentioned inclusion criteria. An independ-
ent fourth investigator was involved in the case of dis-
crepancies in the extraction and assessment of the data.
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The following data were abstracted: author’s name, year
of publication, study type, sample size, inclusion crite-
ria, patient characteristics (age, medical background, and
treatment), use of AR/VR, frequency of application, and
outcomes.

Data synthesis

The key characteristics and results of included studies
were summarized and synthesized using tables and com-
plemented by a qualitative summary. This study was con-
ducted and reported following the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses) guidelines for reporting systematic reviews [10].

Results
The initial search strategy identified 786 articles (Fig. 1).
After the screening on predefined criteria and removal of
duplicates, 59 studies were included.

There were 48 studies about the application of VR: 12
randomized control trials, 2 nonrandomized trials, 26
observational studies, 2 proof-of-concept studies, 4 study
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protocols and 2 case reports, and 11 studies about the use
of AR: 3 randomized control trial, 7 observational stud-
ies, and 1 case series.

Table 1 and Table 2 summarize all studies about the
use of VR (Table 1) and AR (Table 2) in intensive care
medicine that were included in the search strategy. So
all relevant studies are described and commented on in
a systematic review. Part 1 focuses on VR and Part 2 on
AR. For each perspective, we discuss different applica-
tions, both in the adult and pediatric intensive care unit.

Part 1: VR

VR as a tool for health care providers to improve clinical
practice

Adult intensive care medicine

VR might assist in educating and training healthcare pro-
fessionals [2] (Fig. 2) as intensive care treatment strategies
are often complex and require not only theoretical knowl-
edge but also practical preparation. In a randomized con-
trolled trial of 381 participants, Nas et al. evaluated the
value of VR for learning cardiopulmonary resuscitation
(CPR). They reported comparable chest compression rates

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

Identification of studies via databases and registers

Fig. 1 Study flowchart
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Fig. 2 VR application for the training of health care providers

but an inferior compression depth compared with face-to-
face training [11]. The research on VR/AR in this field is
generally very heterogeneous [12]. Wolff et al. developed a
VR training environment to improve the traditional train-
ing for extracorporeal membrane oxygenation (ECMO)
[5]. Bronchoscopy is another important tool for diagnostic
and therapeutic purposes in ICU patients and perform-
ing this procedure can be challenging. Colt et al. created
a virtual reality bronchoscopy simulation. Through the
acquired skills after VR training, five novice physicians
were comparable to four experienced physicians regard-
ing dexterity, speed, and accuracy in the model [13]. In a
prospective randomized study with 60 healthcare provid-
ers, Chiang et al. evaluated 15-min VR-based learning on
tracheostomy care. The use of VR materials increased sig-
nificantly participants’ self-efficacy (increased familiarity,
more self-confidence, and less anxiety) and the positive
impact persisted until 3 to 4 weeks later [14].

Pediatric intensive care unit

Caring for patients in the neonatal and pediatric inten-
sive care units (PICU) can be particularly challenging
[15], and aspects such as performance, knowledge, self-
efficacy, and learner satisfaction are of great impor-
tance. In terms of these endpoints, Yu et al. evaluated
the effects of a VR simulation program on nursing
students. In three scenarios, the interventional group
(n=25) experienced a 40-min VR simulation and rou-
tine practice, and the control group (n=25) only did
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routine practice. The use of VR resulted in a signifi-
cant increase in high-risk neonatal infection control
performance, self-efficacy, and learner satisfaction
[16]. Yang et al. investigated in a non-randomized con-
trolled study the impact of VR neonatal resuscitation
program among others on knowledge, problem-solv-
ing, or degree of anxiety [17]. The VR group (n=29)
participated in a neonatal resuscitation gamification
program, while the simulation group (n=28) partici-
pated in high-fidelity simulations of neonatal resusci-
tation and online lectures. The control group (n=26)
had only online lectures on neonatal resuscitation. VR
and simulation groups achieved significantly higher
levels of neonatal resuscitation knowledge and learn-
ing motivation than the control group. Furthermore,
VR application was found to be effective in increasing
problem-solving ability and self-confidence compared
to the others groups. However, anxiety was lowest in
the simulation group. Ralston et al. investigated VR-
based simulation of two scenarios: ectopic junctional
tachycardia and low cardiac output syndrome in the
early postoperative period and acute respiratory failure
in a patient with suspected coronavirus disease [15]. All
six pediatric cardiac critical care physicians success-
fully navigated the VR environment and met the critical
endpoints such as connect the patient to the pacemaker
and correctly overdrive pace or intubate the patient and
connect to the ventilator. Farra et al. compared the suc-
cess of VR training versus web-based clinical updates
for emergency evacuation in a newborn ICU. Although
there was no significant difference in terms of cognitive
assessments and self-efficacy, the VR group performed
statistically and clinically better in the live exercise [18].
Agasthya et al. evaluated a VR tutorial for endotracheal
intubation. Participants of the interventional group
completed a 19-min immersive guiding and the con-
trol group listed the steps from memory. Both groups
demonstrated their skills with traditional manikins and
were scored on a 24-point checklist. There was no sig-
nificant difference between the groups [19].

VR as a tool for healthcare providers to reduce stress

Stress is a common phenomenon in the intensive care
unit for both patients and health care providers. In a
study with 66 ICU nurses investigated Nijland et al. the
effect of VR on perceived stress levels. Sixty-two per-
cent of the ICU nurses, who used VR-Relaxation dur-
ing their breaktime reported VR to be helpful to reduce
stress [20]. Bodet-Contentin et al. also showed in a
study of 88 intensive unit caregivers that the use of VR
could improve the efficiency of the breaks [21].
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Patient experiences with VR during and after ICU-stay
Adult intensive care

From the patients’ perspective, intensive care treatment
is associated with a number several symptoms such as
pain [1]. If one now modulates attention, environmen-
tal conditions, and mood with VR, this can reduce the
attention devoted to pain [22] (Fig. 3). Mosso-Vazquez
et al. used VR to present different immersive environ-
ments such as Cliff or Dream Castle to 67 patients after
cardiac surgery [23]. The results were evaluated with
a Likert scale and almost 90% of the patients reported
a decreased level of pain experienced post-therapy
with VR. Esumi et al. evaluated VR in a patient whose
pain after a fasciotomy for acute compartment syn-
drome could not be adequately controlled and opioid-
related side effects, such as respiratory depression,
have occurred. The use of VR led to a 25-75% dose
reduction in fentanyl administration and the concomi-
tant alleviation of respiratory depression [24]. In a
randomized, prospective study of 200 cardiac surgery
patients, Laghlam et al. demonstrated that VR appli-
cation was equivalent to conventional treatment with
oxygen and nitrous oxide in terms of reported pain
scores during removal of chest tube [25]. Markus et al.
focused on the technical and procedural feasibility of
VR in daily routine and showed that the VR application
takes almost an hour for setup, instruction, VR therapy,
and cleaning. Especially in smaller centers such pro-
grams would be difficult to implement due to lack of
staff and resources [26]. Hoffman et al. demonstrated
in their study with 11 burn-injured patients the posi-
tive effects of 3-min VR application during wound care
on pain relief and a positive correlation between the
immersive strength of VR and its pain-relieving effect
[27]. However, Faber et al. showed that the effect would
be less after three consecutive days [28].

Fig. 3 VR application during ICU treatment to distract the patients
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Due to discomforts such as aggressive noises, lights,
and a lack of information, the intensive care units are
often associated with negative feelings such as anxi-
ety or stress for patients [7]. Merliot-Gailhoustet et al.
investigated in a randomized trial E-CHOISIR (Elec-
tronic-CHOIce of a System for Intensive care Relaxation)
the effects of different electronic relaxation devices on
the reduction of overall discomfort, pain, anxiety, dysp-
nea, thirst, lack of rest feeling and stress in sixty ICU-
patients. The patients received four relaxation sessions
(standard relaxation with TV or radio, music therapy,
and two VR systems with real or synthetic motion pic-
tures). In the group with synthetic motion pictures the
overall discomfort, pain, and stress could be significant
decrease, while the real motion pictures were associated
with a reduction in lack of rest. Both VR-Systems led to
a significant decrease in anxiety. Three adverse events
might occur: claustrophobia, dyspnea, and agitation.
However, in general cybersickness (occurrence of symp-
toms such as headaches or nausea during VR use) rarely
occurred [29].

Haley et al. evaluated in a pilot study 5-min VR ses-
sions in 10 mechanically ventilated patients. VR therapy
proved to be a potential means of managing anxiety in
this patient group without the occurrence of predefined
safety events or cybersickness [30]. The quality of sleep
could also be positively influenced by the use of VR. In
a study with 100 patients, it was shown that due to the
VR application, the sleep quality was significantly better
but the total sleep time and light sleep time did not differ
between the groups [31].

Hypnosis has been used in the management of acute
and chronic pain for a long time [32]. Rousseaux et al.
tested a “virtual reality hypnosis” in patients undergo-
ing cardiac surgery comparing VR to control patients,
hypnosis without VR, and VR without hypnosis. All four
techniques were used one day before and one day after
surgery [33, 34]. However, in their randomized-con-
trolled study with 100 patients, there were no significant
differences regarding the outcome measures (anxiety,
pain, fatigue, relaxation, physiological parameters, and
opioid use) between the groups [35].

To evaluate the usefulness of VR for reducing sensory
overload and deprivation in the ICU Jawed et al. put VR
goggles on 15 ICU patients for 15 min and exposed them
to relaxing beach videos with nature sound effects. Most
patients tolerated the headsets well and reported the pos-
itive effects of VR therapy on anxiety and stress [36]. Naef
et al. investigated how long visual and auditory stimuli
should be provided to intensive care unit patients. In
their study, visual stimuli should not exceed 10 — 15 min,
while auditory stimuli should not exceed one hour to pre-
vent negative side effects [37].
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Suvajdzic et al. used a combined approach to prevent
delirium in ICU patients—The DREAMS system (Digi-
tal Rehabilitation Environment-Altering Medical Sys-
tem) [38], which combined an immersive digital reality
acquisition system with a measurement system. The VR
environment consisted of a commercially available VR
headset. The measurement was sophisticated: it includes
physiologic sensors 3-axis wearable accelerometers, a
video camera, and environmental sensors for light and
noise exposures for measurement of movement, physi-
ologic and emotional responses to assess the movement,
physiologic and emotional responses. In addition, an
electroencephalogram sensor measures the sleep quality
and response to therapy [39]. The DREAMS system has
so far only been used in a small feasibility study with 59
non-intubated ICU patients and was well-received but
there was no significant effect on physiologic measures,
pain, or sleep [40].

Family support also plays a big role for the patients in
the ICU [41]. Therefore, He et al. used the fifth genera-
tion plus virtual reality (5G+ VR) equipment to establish
visitation channels for patients and their families during
the COVID-19 pandemic. They showed in a cohort study
with 141 ICU patients that after 5G+ VR visitations, the
Hospital Anxiety Depression Scale (HADS) decreased
significantly, along with a significant reduction in the
proportion of delirium [42].

ICU patients often experience not only delirium but
also other neurocognitive impairments [43]. In this con-
text, Turon et al. examined in a pilot study the benefits of
VR-assisted early neurocognitive stimulation in 20 criti-
cally ill adult patients [44]. The simulation includes a vir-
tual avatar that accompanies patients, helped them orient
to time, delivered instructions, motivated them to com-
plete exercises, and encouraged them to relax. This appli-
cation was found to be feasible, safe, and reliable, and
stimulated cognitive functions. Navarra-Ventura et al.
evaluated also a VR-based neurocognitive intervention
during ICU stay in 34 critically ill patients. A 1-month
follow-up that these patients had better working memory
scores and showed up to 50% less non-specific anxiety
and depression compared to the control group [45].

Early mobilization of ICU patients improves patient
outcomes and reduced hospital stay length [46]. Gomes
et al. used Nintendo Wii'" in 60 adult ICU patients to
increase their physical activity [47]. Activity levels were
light to moderate on a modified Borg scale and a major-
ity of patients expressed a desire to play the videogame
during their upcoming physical therapy sessions. The
study from Parke et al. utilized a similar approach:
Xbox Kinect Jintronix software targeting arm, leg,
and trunk strength, range of motion, and endurance
in 20 adult ICU patients [48]. Most patients found the
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activity enjoyable, and easy to understand, as well as
motivating to continue participating.

ICU stay constitutes a considerable psychologi-
cal burden for patients. In several studies, Valke et al.
investigated the effects of ICU-specific virtual reality on
mental health [49-52]. In one of them with 104 patients
the group evaluated three and six months after ICU
treatment, repetition of 14-min VR modules about ICU
treatment improves subjective well-being and quality of
life. VR resulted in a reduction of post-traumatic stress
disorder, and depression scores, and the effect was still
present six months after exposure. Although the mental
health was also initially better this effect was no longer
observed after six months.

Pediatric intensive care unit

The stay in the pediatric intensive care unit (PICU) can
be an emotional and stressful experience for both chil-
dren and parents [53]. In a pilot study with 32 critically
ill children, Badke et al. investigated the feasibility and
satisfaction of virtual reality in the PICU. All partici-
pants enjoyed using the technology, and 84% expressed
interest in using it for a longer period. The positive
effects were also observed among the parents, with
100% reporting satisfaction while watching their chil-
dren use virtual reality. Moreover, parents reported that
their children were calmed by VR [54]. In another study
by this group with 115 critically ill children, the posi-
tive influence of VR on engagement and physiologic
effects such as heart rate variability was confirmed [55].

Kucher et al. [56] and Hoffmann et al. [8] evaluated
VR for better pain management and both were able to
show positive effects. Abdulsatar et al. investigated the
feasibility and safety of using Nintendo Wii " in a pilot-
trials with 12 critically ill children [57]. The application
improved upper limb activity but grip strength did not
change significantly from baseline. Lai et al. used VR on
two adolescents suffering from Covid-19. The patients
could choose from various active games such as box-
ing and non-active games such as racing. The authors
conclude that VR gaming improved participants’ affect
and alertness, motivating them to engage more in early
mobilization therapy [58].

The hospital-induced separation between the child
and the family is difficult for both sides. Therefore, Tal-
lent et al. also established a VR-based virtual visit and
the staff surveys showed that the application did not
lead to an increased duration of the visit. Endpoints on
parental perception are not reported, but VR appeared
to be very well accepted by the treatment team in this
study [59].
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Part 2: AR

AR as a tool to assist ICU procedures

Adult intensive care unit

AR can also help health care providers in the imple-
mentation of procedures in the ICU. Huang et al. eval-
uated the AR application during central venous line
placement. The AR intervention consisted of a 5- to
10-min hands-on instructional course to allow famili-
arity with the AR equipment and—during central line
placement in a manikin—a video that repeated essen-
tial steps. There was no difference between the groups
regarding the meantime for placement or procedure
time, but a significantly higher adherence level to the
checklist between the two groups favoring the AR
group was observed [60]. Fumagalli et al. evaluated the
value of AR for venous puncture in 103 ICU patients.
The use of AR reduced the incidence of hematomas
and anxiety levels but did not reduce the duration of
the procedure or the number of attempts [61]. Moril-
las Perez et al. also confirmed the positive influence of
AR on vascular puncture in a study with 6 operators,
who performed a total of 76 punctures. AR application
resulted in higher accuracy and better quality of the
images and eliminated variability between operators
and sonographers. Furthermore, it provided more com-
fort as the hands are free and the view remains focused
on the work area [62]. In a controlled trial with 32 ICU
trainees, Alismail et al. investigated the use of AR dur-
ing the endotracheal intubation of a manikin. The use of
AR, where the essential steps were repeated, resulted in
a longer need of time to intubate and ventilate but dem-
onstrated higher compliance with the checklist [63].
Heo et al. randomized 30 nurses without experience
in mechanical ventilation into 2 training groups: with
or without AR. Compared to the control group, the AR
group requested less assistance and showed higher self-
confidence [64]. Gan et al. evaluated in 6 cases the AR
for percutaneous dilatational tracheostomy and again
it was confirmed that this new technology allowed the
procedure to be carried out successfully [65]. A pilot
study by Zackoff et al. evaluated AR in two critical situ-
ations. AR not only improved the ability to assess many
factors such as the mental or respiratory status of the
patient, but also had a positive impact on the recog-
nition of critical situations such as shock, apnea, and
hypoxemia. However, the detection of cardiac arrest
was not significantly better [66]. To improve the train-
ing of future perfusionists in the field of extracorporeal
circulation (ECC) Yamada et al. developed an AR pro-
gram for smartphones or tablets [67]. The AR training
might be beneficial for future perfusionists, but cur-
rently there has not yet been a clinical study examining
the use of the app.
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Pediatric intensive

Care unit

Dias et al. also evaluated AR to improve performing
endotracheal intubation. Forty-five participants were
randomly divided into three groups and used for intuba-
tion on a manikin either direct laryngoscopy or indirect
video laryngoscopy or AR-assisted video laryngoscopy.
AR-assisted video laryngoscopy was comparable to indi-
rect video laryngoscopy but resulted in increased safety
compared with direct laryngoscopy [68]. The dosage of
the drugs used during critical situations in the ICU is
often based on weight. Therefore, Scquizzato et al. devel-
oped a smartphone app that estimates child weight using
the smartphone camera and augmented reality (AR). So
far, it has not been evaluated in clinical trials [69].

Limitations

Although the number of studies about the use of VR or AR
significantly increases year by year, attempts at systematic
synthesis of evidence such as the present study are limited
by scarcely comparable methods, devices, and protocols
[70]. A limited number of prospective randomized con-
trolled trials are currently available in this field and the data
are generally very heterogeneous. Thus, quantitative syn-
thesis by meta-analysis and the use of methods to assess
the risk of bias in the included studies is hardly possible.
Several sources of bias could affect the validity and reli-
ability of studies investigating the use of VR and AR in the
ICU. The sample size of the studies is often small and not
representative of the overall population of ICU patients,
what increases the selection bias. Moreover, the inclusion
of older adults may be limited by the fact that they are less
familiar with new technologies such as VR/AR and may be
hesitant or resistant to trying these innovation methods.
It is important that VR/AR interfaces can accommodate
age-related changes, such as visual impairments, hearing
impairments, and decreased dexterity, to facilitate use the
technologies. The performance bias can be high because
most studies are not blinded and this can influence the
behavior of participants. Furthermore, the outcomes are
in most studies subjective and dependent on observation.
Establishment of objective evaluation criteria is necessary
to improve these aspects. However, there are some sub-
jects such as post-traumatic disorders that are inherently
complex and multifaceted, making it difficult to develop
such criteria that capture all relevant factors. In addition,
a common challenge is the diversity of applied VR and
AR systems. This can affect not only the complexity of the
application but also the tolerance of the users. VR/AR tools
can provide varying levels of user comfort, performance,
and immersion. This can make it difficult to reproduce the
data, which can reduce the reliability and comparability
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of the research results. Furthermore, only a few studies
describe exactly how time-intensive the application of the
technologies can be. This, combined with differences in
cost and accessibility, may impact the widespread applica-
tion of VR/AR.

The present systematic review found the same difficulties
for intensive and critical care medicine. In upcoming stud-
ies, the protocols should be harmonized as far as possible
to expand significant clinical knowledge. The development
of a core outcome set plays an important role for future sys-
tematic research about VR and AR. This would allow better
comparability of studies, improve the quality and relevance
of results, and facilitate evidence synthesis and meta-anal-
yses. By providing this information, it would be even more
possible to generalize the results and to understand the
benefits and limitations of VR in the clinical setting.

Summary

This review showed that VR and AR offer new possi-
bilities for many aspects of daily intensive care medicine.
There are several approaches to supporting traditional
clinical training and taking medical education to the next
level. They provide a safe environment to practice proce-
dures such as bronchoscopy [13], without risking harm to
patients. In the ICU, the health care providers often have
to make quick decisions, and by simulating different sce-
narios using VR such as low cardiac output syndrome [15],
the critical decision-making skills can be improved. In
addition, the technologies can positively influence aspects
such as knowledge or self-efficacy [14, 16], and the stress
level of hospital staff [20]. However, the studies also have
shown that VR/AR applications do not lead to a signifi-
cant improvement in the performance of invasive proce-
dures such as central line placement [60]. Furthermore,
VR-based CPR training compared with traditional training
provided inferior results [71].

Although there is currently limited data on clinically
relevant outcomes, combining traditional training with
VR/AR applications may be the way to achieve the best
results in daily clinical practice.

Several studies confirmed that VR also might be an
effective tool for pain management. VR allows us to gen-
erate a virtual environment to distract patients from their
pain for example after surgery [23] or during wound care
[8, 27]. As a result, VR therapy can reduce the need for
pain medication and thus prevent the occurrence of unde-
sirable side effects of traditional therapy [24]. Further-
more, the use of VR can lower the stress level and reduce
anxiety during the stay in the ICU [36, 72]. This can have
a positive impact on sleep quality [31], development of
delirium [42], and cognitive impairment [45]. Six studies
have also shown that VR can help during rehabilitation
[47, 48, 57, 58, 73, 74]. The application led to an increase
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in activity and was well tolerated by the patient without
the occurrence of adverse events such as falls.

It is necessary to pay attention to the duration of the appli-
cation of these technologies because overstimulation can
negatively affect the outcome of patients [37]. Furthermore,
cybersickness may occur during the application [29]. Lastly,
the implementation of these technologies into clinical prac-
tice requires a significant investment of time by ICU staff
[26], which also may reduce readiness to use them.

Opverall, while VR is not a substitute for established ther-
apy, it can be a useful tool in combination with other treat-
ments to improve the patient’s stay in an intensive care unit.

Conclusion

Augmented reality (AR) and virtual reality (VR) are no
longer the domains of the science fiction world. We are on
the verge of making virtual and augmented reality main-
stream in the field of medicine and critical care has the
potential to be at the forefront of this evolution. However,
we cannot forget that VR and AR are not intended to dis-
tract us from the patient. They are provided to complement
and optimize, but not replace the relationship between a
health care provider and a patient. Furthermore, these are
still in the research and development phase. Our involve-
ment in this process is important to ensure that these tech-
nological developments are made in the best interest of our
patients. This makes it possible to provide the best care and
to improve the quality of the hospital stay in the ICU.

Appendix

SeeTable 3

Table 3 Search strategy

Search terms Results’ Included?
(pubmed.ncbi.nim.nih.gov)

“VR” AND“ICU" 56 20
“virtual reality” AND“ICU" 73 26
"virtual reality" AND "critical care" 142 34
“virtual reality” AND “intensive care unit” 61 24
"AR" AND“ICU” 383 3
"augmented reality" AND "ICU" 1 1
"augmented reality" AND "critical care” 21 5
"augmented reality" AND "intensive care" 24 5
“mixed reality” AND “ICU" 13 8
“mixed reality” AND “critical care” 8 2
“mixed reality” AND “intensive care” 4 0

' Some publications appeared for multiple search terms. Therefore, the number
of included studies is higher than the number of studies listed in the table

2 Conducted until 1st March 2023
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Abbreviations

3D Three dimensional

5G Fifth generation

AR Augmented reality

CPR Cardiopulmonary resuscitation

ECC Extracorporeal circulation

ECMO Extracorporeal membrane oxygenation
HADS Hospital Anxiety Depression Scale
HMD Head-mounted display

ICU Intensive care unit

IPD Interpupillary distance

PICU Pediatric intensive care unit

PICS-F Post-intensive care syndrome-family
PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-Analyses
TAVR Transcatheter aortic valve replacement
VR Virtual reality
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