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Virtual Reality to Improve Sequelae of the
Postintensive Care Syndrome: A Multicenter,
Randomized Controlled Feasibility Study

OBJECTIVES: Psychologic sequelae after critical iliness, part of the postintensive
care syndrome, significantly decrease quality of life. A robustly effective treatment
intervention is currently lacking. Virtual reality has beneficial effects on several non-
ICU-related psychologic disorders. The aim of this study was to explore patient-
related determinants of ICU-specific virtual reality, such as the timing of patients’
self-reported readiness to initiate virtual reality and the number of desired sessions
and safety, and to explore the effects of ICU-specific virtual reality on mental health.

DESIGN: A multicenter, randomized controlled feasibility study.

SETTING: ICU at a university teaching hospital and a secondary care hospital in
Rotterdam, The Netherlands.

PATIENTS: Consecutive mechanically ventilated patients with sepsis or septic shock.

INTERVENTIONS: Patients were randomly assigned (1:1) to receive ICU-
specific virtual reality (ICU-specific virtual reality group) or exposure to a nature
virtual reality environment (control virtual reality group).

MEASUREMENT AND MAIN RESULTS: Explorative outcomes were feasibility,
in terms of patient-related determinants, and safety. The effects of ICU-specific
virtual reality on the psychologic components of postintensive care syndrome
and quality of life were additionally studied. Fifty patients (median age: 61 yr; 21
[42%] female) were included. Patients in the ICU-specific virtual reality group felt
ready to initiate the virtual reality intervention 10 days (median, 95% range, 5-21
d) after ICU discharge, and one session (median, 95% range, 1-6) was desired.
ICU-specific virtual reality patients experienced higher immersion, cybersickness
scores were low, and no changes in vital signs were observed. They also reported
reduced posttraumatic stress disorder and depression scores and better mental
health from 2 days until 1 month after initial exposure (Short Form-12 Mental
Component Scale: ICU-specific virtual reality, 57 [36—67] vs control virtual reality,
47 [26-63]; p < 0.01). Six months after exposure, this effect was still present for
posttraumatic stress disorder and depression, but not for mental quality of life.

CONCLUSIONS: ICU-specific virtual reality is a feasible and acceptable novel in-
tervention that could be used during recovery from an episode of critical illness in
the ICU. A future, adequately powered study should confirm whether virtual reality
is able to improve mental health and quality of life.

KEY WORDS: depression; intensive care unit; postintensive care syndrome;
posttraumatic stress disorder; virtual reality

he increase in survival of critical illnesses with ICU treatment over the
last few decades has revealed the effects of these medical states and care
on quality of life (1, 2). Up to one-third of all critical illness survivors
worldwide suffer from decreased quality of life (1, 3). This poor quality of life
is largely attributed to depression, anxiety, and posttraumatic stress disorder
(PTSD), part of the postintensive care syndrome (PICS), which comprise
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long-term mental health impairments (4-6). We re-
cently demonstrated that these patients desire addi-
tional information about their ICU stay to better grasp
ICU treatment and enhance understanding. As such,
they are unsatisfied with the provided information
through commonly used and accepted strategies (7).

Prevention and treatment of PICS has been acknowl-
edged as an important theme to improve quality of ICU
care in future decades. Despite the increasing awareness
of PICS, several interventions, such as ICU diaries, intra-
ICU psychologic interventions, and follow-up clinics,
have yielded unsatisfactory and ambiguous results for
improvements in psychologic well-being and quality of
life after ICU treatment (8, 9). Psychologic sequelae after
ICU treatment are postulated to reflect a combination of
sensory overload and memories of frightening, delirium-
related nightmarish, and psychotic experiences (10, 11).
Veracious reconstruction of memories to fill in memory
gaps and reframe these frightening memories may reduce
these psychologic symptoms (12).

Virtual reality (VR) is a relatively new technique that
can potentially help to cope with short-term and long-
term mental health consequences outside the ICU (13).
In several non-ICU-related mental health disorders, VR
exposure is accepted as an effective treatment and us-
er-friendly modality (14, 15). Through VR, it is possible
to simulate stressful and traumatic experiences in a highly
engaging and realistic manner (16-19). VR therefore
offers an opportunity for recovering from hospital-related
psychologic trauma and stress, and it remains important
to expand VR applications toward improving the patient’s
experience (20, 21). We designed an ICU-specific VR
(ICU-VR) intervention to fill in patients' memory and
give context to frightening memories, in which the ICU
environment and treatment-related aspects were the main
topics (22). In short, in the ICU-VR intervention, several
ICU-related “real-life” aspects are shown and explained,
that is, the ICU environment, about devices and noises,
the necessity of IV catheters, mechanical ventilation, in-
tubation and tracheal tube suction, about the treatment
team and ICU workflow, and about sepsis.

Except a recent case report, no studies concerning
the clinical implementation of VR after ICU treatment
are available (13). Questions for clinical implementa-
tion, such as feasibility, in terms of the optimal timing
of patient’s self-reported readiness to undergo VR and
the number of sessions preferred by patients to effect
an improvement, and safety, in terms of cybersickness
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and changes in vital signs, therefore remain. In addi-
tion, the effect of VR on PICS and quality of life re-
mains to be elucidated.

In light of the aforementioned questions, this study
sought to contribute to our understanding of the com-
plexity of VR after ICU by first exploring the timing
of patients’ self-reported readiness to initiate VR, the
number of self-reported desired VR sessions, and the
extent of side effects. Second, we studied the effect of
ICU-VR on mental health.

MATERIALS AND METHODS
Study Design and Patients

Patients were eligible if they were adults (> 18 yr)
admitted for sepsis or septic shock and were mechani-
cally ventilated (= 24 hr). We stratified this cohort be-
cause sepsis and mechanical ventilation are risk factors
for poor psychologic recovery after ICU treatment (23,
24). Sepsis and septic shock were defined as hypoten-
sion (mean arterial pressure < 65mm Hg) requiring
the administration of a vasopressor (norepinephrine at
any dose) or a blood lactate level at or above 3.0 mEq/L
during the first 24 hours of ICU admission in patients
in whom infection was confirmed during ICU stay (25).
Exclusion criteria were as follows: an inability to un-
derstand the Dutch language, a Glasgow Coma Scale
score less than 15 during inclusion, active delirium or
cognitive impairments as determined by a Telephone
Interview for Cognitive Status (TICS) score below or
equal to 27 during inclusion, preexisting epilepsy, se-
vere psychiatric diseases, or deafness or blindness (26).
The Medical Research Ethics Committees United in
Nieuwegein and the participating centers’ institutional
review boards approved the study protocol (Medical
Ethics Committee number NL56741.101.16, February
2, 2017) (Supplement 1, http://links.lww.com/CCX/
A791).

Randomization and Masking

After obtaining informed consent, patients were ran-
domly assigned to either the ICU-VR group (inter-
vention group), receiving ICU-VR, or the control VR
group (control group), receiving a nature VR environ-
ment, at a 1:1 ratio using a centralized internet-based
randomization procedure (Castor Electronic Data
Capture, Amsterdam, The Netherlands). Patients were
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randomized in a simple manner without stratification;
as such, the investigators were unaware of the assign-
ment sequence. Due to the nature of the intervention,
blinding of patients and investigators was not possible.

Interventions

Patients in the ICU-VR group received ICU-VR.
ICU-VR content was previously tested in healthy

volunteers and was found to be safe and more im-
mersive than 2D exposure (22). In this study, the
content is extensively explained, and the script is
added as supplementary material (http://links.
Iww.com/CCX/A577). In short, patients experience
different facets of the ICU stay and ICU treatment
(Fig. 1B-E).

Patients in the control VR group received VR for the
same duration as ICU-VR and could choose between

A

Figure 1. Study setup and intervention. A, A patient undergoing the ICU-specific virtual reality (VR) intervention using head-mounted
display VR, a controller, and headphones. B-1, Images of the inside of the VR glasses with (B) an introduction by an intensivist and a ICU
nurse to welcome the patient to the ICU and VR environment (C) explanation of devices and noises in an ICU room, (D) the necessity of
central/peripheral catheters and IV drips, (E) information about mechanical ventilation, intubation, and tracheal tube suction, (F) information
and necessity of the treatment team and ICU workflow, (G) an explanation of sepsis, (H and I) nature VR environments (control VR;

(H) landscape, () water world).
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different nature environments (Fig. 1 F and G).
Interventions are described in more details in
Supplement 2 (http://links.lww.com/CCX/A791).
Nature VR was chosen as an active control to bal-
ance the nonspecific conditions associated with a VR
intervention (e.g., attention, treatment contact, and
social support) between groups, so only the content
differed.

Both groups received the assigned intervention
shortly after being discharged from the ICU, while still
being treated in the hospital ward.

Study Procedures

Within 4 days after ICU discharge, patients were
approached, during which their cognitive status was
assessed using the TICS (26). Subsequently, patients
with a TICS score less than or equal to 27 were
excluded. After inclusion and before initiation of VR,
we asked patients to self-determine when they found
themselves ready to undergo initial VR (Fig. S1, in
Supplement 3, http://links.Jlww.com/CCX/A791). At
this point, patients agreed with the statement “I con-
sider my current condition acceptable to start with VR
exposureand I understand the nature of VR Initial VR
exposure was followed by a week of offering VR daily
to assess the number of desired sessions. Patients were
asked, “Would you like to receive the VR intervention
today?” and were free to decide whether to use VR.
Patients remained uninformed about which inter-
vention was studied, that is, exposure to ICU-VR
or to a nature VR environment, to minimize so-
cial desirability bias. Figure 1 represents the study
setup and intervention. Directly prior to the first
VR session and 2 days, 1 week, and 1 month after,
patients were asked to fill out questionnaires.
Follow-up was also attempted at 6 months after ex-
posure to determine long-term effects. Procedures
are explained in more detail in Supplement 2
(http://links.lww.com/CCX/A791).

Outcomes

Primary outcomes were feasibility in terms of the
timing of patients” self-reported readiness of VR ini-
tiation, number of desired sessions, as well as immer-
siveness, assessed by a measure of presence, and safety,
assessed by a measure of cybersickness and changes
in vital signs. Prior to the intervention, differences
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in immersive tendencies, the ability to immerse
within virtual environments, were assessed using the
Immersive Tendencies Questionnaire (ITQ) (27).
To test the immersive nature of the VR content,
immersiveness was assessed using the Igroup Presence
Questionnaire directly after VR exposure (28).
Cybersickness was measured using the Simulator
Sickness Questionnaire directly after VR initiation,
and changes in vital signs were assessed during the VR
intervention using heart rate, respiratory rate, oxygen
saturation, and mean arterial pressure (29). Vital signs
were measured before the intervention and during the
intervention after each of the six modules (ICU-VR
group) or after every 1:45 minutes (control VR group),
except for blood pressure which was measured only
before and after initial VR exposure, as more frequent
monitoring of blood pressure could distract partici-
pants from the content. In addition, adverse events
(AEs) were assessed while patients were still admitted
at the hospital ward. During daily visits from the inves-
tigator to offer ICU-VR and through daily screening
of electronic digital health records, AEs were scored.
Mentioning a delirium in the daily status report or a
new administration of haloperidol was considered as a
new or active delirium.

Psychologicsequelae were expressed as the severity of
PTSD-anddepression-related symptomsassessed using
the Impact of Event Scale-Revised (IES-R) and the Beck
Depression Inventory (BDI) II, respectively (30, 31).
PTSD-related symptoms were expressed as the IES-R
sum score, ranging from 0 to 88, with higher scores
indicating more severe symptoms. Depressive symp-
toms were expressed as the BDI sum score, ranging
from 0 to 63, with higher scores indicating more severe
depressive symptoms. Continuous outcomes rather
than the cutoft values of the psychologic question-
naires were used, given that the IES-R and BDI were
not designed as diagnostic tools, but rather to measure
a patients level of stress- and depression-related
symptoms (32, 33).

Health-related quality of life (HRQoL) was assessed
using the Mental Component Scale of the Short-
Form 12 (MCS-12) and the Physical Component
Scale of the Short-Form 12 (PCS-12) scores and
the European Quality of Life 5D (EQ-5D) ques-
tionnaire (34, 35). The MSC-12 and PCS-12 are the
weighted sums of the questions in the section after
being transformed to a scale ranging from 0 to 100
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and standardized in the general population to have a
mean of 50 and a sp of 10. The EQ-5D yields a utility
score that ranges from -0.446 (worst quality of life)
to 1.00 (best quality of life) (36).

The questionnaires are described in more detail in
Supplement 2 (http://links.lww.com/CCX/A791).

Statistical Analysis

Because assessment of feasibility and safety was ex-

kind, no formal power calculation could be performed
for these outcomes. We therefore decided to power
the study on a clinically relevant effect size on PICS-
related psychologic sequelae. The required sample size
was estimated to identify a clinically meaningful effect
size of Cohen’s d equals to 0.8 (0.77-0.87 for skewed
distributions of the residuals) on PICS-related psy-
chologic outcomes and quality of life, with a power of
0.8 and a two-sided alpha of 5%, resulting in a total re-
quired sample size of 25 patients for each study group.

plorative in nature, and this is the first study of its

TABLE 1.
Study Patients’ Characteristics

ICU-Specific VR Control VR
Demographics (N = 25) (N = 25)
Age, median (95% range), yr 61 (23-75) 59 (59-80)
Sex, n (%)
Male 15 (60) 14 (56)
Female 10 (40) 11 (44)
Comorbidities, n (%)
Neurologic disease 2 (8) 2 (8)
Cardiovascular disease 3(12) 10 (40)
Respiratory disease 7 (28) 5 (20)
Renal disease 6 (24) 3(12)
Liver disease 2 (8) 5 (20)
Psychiatric disease 3(12) 3(12)
Substance abuse 3(12) 2 (8)
History of ICU admission, n (%)° 3(12) 6 (24)
Telephone Interview for Cognitive Status score, median (95% range)? 4 (29-40) 34 (28-38)
Immersive Tendencies Questionnaire total score, median (95% range)® 76 (54-96) 75 (49-95)
Hospital LOS, median (95% range), d 38 (17-116) 41 (18-97)
ICU LOS, median (95% range), d 14 (3-81) 17 (2-79)
Hospital stay before ICU admission, median (95% range), d 1 (0-18) 1 (0-18)
Hospital stay after ICU discharge, median (95% range), d 19 (7-56) 18 (8-51)
Primary reason for admission, n (%)
Medical 15 (60) 21 (84)
Unplanned surgical 4 (16) 2 (8)
Planned surgical 6 (24) 2 (8)
Days of mechanical ventilation, median (95% range) 7 (2-23) 4 (1-21)
lliness severity scores, median (95% range)
Acute Physiology and Chronic Health Evaluation V¢ 72 (11-124) 80 (31-130)
Simplified Acute Physiology Score II° 42 (17-85) 51 (25-80)
Admission Sequential Organ Failure Assessment scoref 7 (2-12) 8 (3-16)
(Continued)
Critical Care Explorations www.ccejournal.org 5
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TABLE 1. (Continued).
Study Patients’ Characteristics

Control VR
(N = 25)

ICU-Specific VR

Demographics (N = 25)

Health-related quality of life and psychologic distress at inclusion

Impact of Event Scale—Revised sum score? 23 (4-59) 24 (3-67)
Beck Depression Inventory sum score” 15 (2-39) 18 (7-31)
Mental Component Scale of the Short-Form 12 48 (26-59) 43 (29-60)
Physical Component Scale of the Short-Form 12! 26 (13-39) 26 (17-38)
EQ-5D utility score® 0.30 (-0.16 t0 0.76) 0.39 (-0.20 to 0.75)
Visual Analogue Scale of the EQ-5D!' 50 (12-80) 50 (10-90)

EQ-5D = European Quality of Life 5D questionnaire, LOS = length of stay, VR = virtual reality.

Telephone Interview for Cognitive Status score ranges from O to 41; a score above 27 is considered as cognitive competent.
*Immersive Tendencies Questionnaire score ranges from O to 126; higher scores indicate higher immersive tendencies, indicative for a
greater ability to immerse within a virtual environment.

“Within 3 mo prior to hospital admission.

dAcute Physiology and Chronic Health Evaluation score ranges from O to 286; higher scores indicate more severe illness and a higher
mortality risk.

eSimplified Acute Physiology Score ranges from O to 163; higher scores indicate more severe illness.

fSequential Organ Failure Assessment score ranges from 6 to 24; higher scores indicate worse medical condition.

9lmpact of Event Scale—Revised sum score ranges from O to 88; higher scores indicate more severe symptoms of posttraumatic stress
disorder (PTSD). A score > 24 represents the best cutoff for PTSD.

"Beck Depression Inventory sum score ranges from O to 63; higher scores indicate more severe symptoms of depression. A score > 9

indicates mild depression, a score > 18 indicates moderate depression, and a score > 29 indicates severe depression.
'Mental Component Scale of the Short-Form 12 ranges from O to 100; higher scores indicate a better mental quality of life.
IPhysical Component Scale of the Short-Form 12 ranges from O to 100; higher scores indicate a better physical quality of life.
KEQ-BD utility score ranges from —0.446 to 100; higher scores indicate a better health-related quality of life.

Visual Analogue Scale of the EQ-5D ranges from O to 100; higher scores indicate a better perceived health state.
ICU-specific VR is the intervention group; control VR is the control group.

Continuous outcomes were compared between treat-
ment groups using a Wilcoxon Mann-Whitney U test.
Categorical variables were compared between treat-
ment groups using Fisher exact test. Between-group
differences in variables of interest throughout the fol-
low-up period were studied using a mixed effect linear
regression model. Here, PTSD-related symptoms were
expressed as the IES-R sum score, depressive symptoms
as the BDI sum score, mental HRQoL as the MCS-12,
physical HRQoL as the PCS-12, and overall HRQoL
as the EQ-5D utility score. Furthermore, time in days
(Py;e)» Tandomization (p, . ), and its interaction
(time x randomization; p,_ . ) served as dependent
variables, and a random intercept for each case was
based on model comparisons using the Akaike infor-
mation criterion. We report the coefficient () (95%
CI), which implies the estimated mean difference in, for
these mixed-effect linear regression models.

6 www.ccejournal.org

A sensitivity analysis was performed to address
missing data using both the last observation carried
forward (LOCF) method (main analysis) and mul-
tiple imputation according to the Markov-Chain
Monte Carlo method (all data were assumed missing
[completely] at random) (Table S4 in Supplement 3,
http://linkslww.com/CCX/A791).

All analyses were performed using R for Statistics
(R Foundation for Statistical Computing, Vienna,
Austria, 2015). A p value of less than 0.05 was consid-
ered statistically significant.

RESULTS

During the study period, 322 patients were admit-
ted with sepsis or septic shock requiring mechanical
ventilation. Seventy-three patients met the eligibility
criteria of whom 50 were finally enrolled (Fig. 2)
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(inclusion rate, 68%). Median age was 61 years (95%
range, 26-78 yr), and 21 patients (42%) were female.
Patients had a median Acute Physiology and Chronic
Health Evaluation IV score of 77 (11-130), a median
ICU length of stay of 16 (2-75 d), and a median hos-
pital length of stay of 39 days (16-114 d) (Table 1).
Both in the ICU-VR group and in the control VR
group, 8% (2/25) died during 1-month follow-up.
At 6 months, the questionnaire response rates were

68% (17/22) in the ICU-VR group and 52% (13/19) in
the control VR group.

Feasibility

Feasibility and immersiveness outcomes are pre-
sented in Table 2. Patients reported to be ready to
initiate VR 8 days (median, 95% range 4-23 d) after
ICU discharge; patients in the ICU-VR group received

ICU-VR after a me-

322 mechanically ventilated sepsis
patients assessed for eligibility

dian of 10 days (5-21 d),
and patients in the control
groups received the nature
VR environment after a

15
15
14
8

N Wk O

1

249  Were not eligible
99 died within hospital
75 did not meet inclusion criteria

Cognitive impairment*

Active psychiatric disease

57 transferred to other hospital
16 discharged prior to informed consent
2 died within hospital

23 Declined participation

median of 8 days (5-15 d;
p = 0.05). The median
number of desired ses-
sions was 1 (1-6; 25% of
offered sessions) in the
ICU-VR groupand 1 (1-7;
25% of offered sessions) in
the control VR group. All
enrolled patients com-
pleted at least one VR
session.

The ability to immerse
within a virtual environ-

Neurological impairment(s)
Meoribund

Not able to understand Dutch
Participation in other study

Epilepsy
Deaf or blind

Miscellaneous**
Received medical VR

| 50 enrolled |
T

| 50 randomized l

|
v

ment did not differ be-
tween groups prior to
the intervention (median
ITQ total score: ICU-VR,
76 [95% range, 54-96] vs

25 assigned to ICU-VR group

25 assigned to control-VR group

control VR, 75 [49-95];

A

p = 0.30). Patients in the

ICU-VR group experi-

25 completed 2-day assessment
24 completed 7-day assessment
23 completed 30-day assessment

25 completed 2-day assessment
19 completed 7-day assessment
19 completed 30-day assessment

enced a greater sense of
presence, a greater in-

volvement, and a greater

4 lost to follow-up
> 2 died
2 unable to reach

> 2 died

experienced realism than
patients in the control VR
group (Table 2).

6 lost to follow-up

4 unable to reach

23 included in per-protocol analysis®

19 included in per-protocol analysis®

Safety

Figure 2. Recruitment and randomization of patients. ®Baseline demographics, treatment-related
characteristics, and 2-d survey outcomes were available from all patients and were analyzed for

all study patients. Outcomes at 6 mo were only imputed in patients from who the 1-mo outcomes
were available; as such, per-protocol analyses were conducted with these patients. ICU-VR = ICU-
specific virtual reality, VR = virtual reality "As defined by a Telephone Interview for Cognitive Status

score below 27. **Claustrophobia (n = 1); Cataract (n = 1)..

Critical Care Explorations

None of the patients, ei-
ther in the ICU-VR or
control group, experi-
enced severe symptoms
of cybersickness, and no
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TABLE 2.
Feasibility, Immersiveness, and Cybersickness Outcomes

ICU-Specific VR

Measure

Control VR

(1)) (N = 25)

Feasibility
Completed initial VR, n (%)

Days between ICU discharge and initial VR, median (95% range)

Offered number of sessions, median (95% range)
Desired number of sessions, median (95% range)
Percent of offered sessions, median (95% range)

Immersiveness, median (95% range)

IPQ total score?

IPQ involvement score?

IPQ sense of presence score®

IPQ experienced realism score?
Cybersickness, median (95% range)

SSAQ total score®

SSQ nausea score®

SSQ oculomotor score®

SSAQ disorientation score®

25 (100%) 25 (100%) 1.00

10 (5-21) 8 (5-15) 0.05
8 (3-8) 8 (4-8) 0.56
1 (1-5) 1 (1-6) 0.56

25 (13-100) 25 (13-93) 0.87
4 (2.4-5.3) 2 (2.5-4.9) <0.001
5 (2.0-5.6) (1.0-5.5) < 0.001
6 (2.2-5.5) 7 (2.2-5.1) <0.01
3 (1.0-5.1) 5(1.5-4.9) <0.01
1 (0-10) 2 (0-7) 0.55
0 (0-4) 0 (0-3) 0.84
1 (0-7) 1 (0-4) 0.87
0 (0-4) 1(0-3) 0.41

IPQ = Igroup Presence Questionnaire, SSQ = Simulator Sickness Questionnaire, VR = virtual reality.

“The IPQ measures the feeling of presence within a virtual environment. The total score is the mean of all questions and ranges from 1
to 6; the involvement, sense of presence, and experienced realism scores are the mean of the questions in their section.

*The SSQ comprises 16 questions representing a cybersickness-related symptom that is scored on a four-point Likert scale (O = none,
3 = severe). The total SSQ score is the sum of all answers and ranges from 0 to 48. Subscales can be calculated for nausea oculomotor

discomfort and disorientation and range from O to 21.

VR session was interrupted or discontinued due to
side effects. Cybersickness scores were low in both
groups, and none of the symptoms were still present
15 minutes after taking of the VR headset. In both
groups, no changes in vital signs were observed dur-
ing the assigned VR intervention (Tables S1 and S2
in Supplement 3, http://linksIlww.com/CCX/A791).
Furthermore, none of our patients reported any AEs,
such as a delirium, during in-hospital follow-up.

Psychologic PICS

PTSD-related symptoms were less present in the
ICU-VR group, already 2 days after initial ICU-VR
exposure, than in the control VR group, and this dif-
ference persisted throughout follow-up (Fig. 3A).
Although PTSD scores decreased over time in all
patients (B =-0.04 [95% CI, -0.07 to -0.01]; p., _=0.02),
PTSD decreased more in the ICU-VR group than

8 www.ccejournal.org

in the control VR group (B = 10.87 [3.73-18.01;
Prondomimion<  0-01), and this effect was maintained
throughout the study period ( = 0.00 [-0.05 to 0.05]; p,
wraction = 0-93). The proportion of patients suffering from
PTSD at each follow-up session is depicted in Table S3 in
Supplement 3 (http://links.Iww.com/CCX/A791).
Depressive symptoms were lower in the ICU-VR
group, already 2 days after initial ICU-VR exposure,
than in the control VR group and persisted over time
(Fig. 3B). Although depression scores decreased
over time for all patients (B = -0.03 [-0.05 to —-0.02];
Prie < 0.001), ICU-VR resulted in lower depression
scores in the ICU-VR group than in the control VR
group (B=5.05[1.31-8.79};p, . . =0.01),and this
effect persisted throughout the study period (p = 0.00
[-0.02 to 0.03]; p, . .= 0.80). The proportion of
patients suffering from depression at each follow-up
moment is depicted in Table S3 in Supplement 3
(http://links.lww.com/CCX/A791).
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A Post-traumatic stress disorder

B Depression
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Figure 3. Posttraumatic stress disorder (PTSD) (A), depression (B) and quality of life (C—F) throughout follow-up. Box-and-whisker
plot show median and interquartile range (IQR) with the 25th and 75th percentiles, respectively; the upper whisker extends from

the top of the box to the larger value no greater than 1.5 times the IQR. The bottom whisker extends from the bottom of the box to
the smallest value no greater than 1.5 times the IQR; outliers outside the whiskers range are also presented (dots). The triangles
and squares indicate the mean score for the control and intervention group, respectively. The black line across the box indicates the
median. Boxplots at each time point are staggered to avoid superimposition. *p < 0.05, *p < 0.01, **p < 0.001. The 6-mo outcomes
are made more transparent than the boxplots of the 1- and 3-mo outcomes; these results were analyzed using the last observation
carried forward method. PTSD is expressed as the sum score of the Impact of Event Scale-Revised (IES-R sum score), depression
as the sum score of the Beck Depression Inventory (BDI sum score), mental quality of life as the Mental Component Scale of the
Short-Form 12 (MCS-12), physical quality of life as the Physical Component Scale of the Short-Form 12 (PCS-12), quality of life as
the utility score of the European Quality of Life 5D questionnaire (EQ5D), and perceived health state as the Visual Analogue Scale of

the EQ-5D (EQ-VAS).
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Patients in the ICU-VR group experienced improved
mental quality of life, already 2 days after ICU-VR ex-
posure up to 1 month afterward, but not at 6 months,
than patientsin the control VR group (Fig. 3C) (Table S4
in Supplement 3, http://linksIlww.com/CCX/A791).
Although mental quality of life did not improve in
all participants over time (f = -0.01 [-0.03 to 0.01];
Py = 0.37), it was higher in patients in the ICU-VR
group than in patients in the control VR group (7.65
[-12.10 to -3.19]; p,. ... . < 0.01), and this effect
persisted throughout the follow-up period (B = 0.03
[0.00-0.07; p, ... = 0.07). We did not observe dif-
ferences in the physical quality of life (PCS-12)
(Fig. 3D), overall HRQoL (EQ-5D utility score)
(Fig. 3E), or perceived health state (EQ-VAS) (Fig. 3F)
between groups.

DISCUSSION

The primary aim of this study was to explore the fea-
sibility and safety of ICU-VR after ICU treatment.
Patients found themselves ready to receive VR a me-
dian of 8 days after ICU discharge, and they desired
only a few VR sessions during recovery in the hospital
ward. Second, we observed that ICU-specific con-
tent improves mental health up to 6 months after ICU
discharge.

To our knowledge, this is the first randomized trial
to test the effect of VR on psychologic well-being after
ICU stay. We therefore explored the two important
issues of feasibility and safety. After ICU treatment,
the optimal initiation of VR and the number of desired
or needed VR sessions were unknown. In the current
study, we found that patients felt themselves ready to
initiate 8 days after ICU discharge, the overall me-
dian in the study population. These are valuable data
that can help us in future studies. Although we found
a small difference between groups, that is, patients
in the ICU-VR group initiated VR after a median of
10 days, whereas patients in the control group after
a median of 8 days, the entire study cohort, irrespec-
tive of the randomization allocation, is of importance
in determining the optimal timing for patients to feel
ready to initiate VR, as both groups received VR. One
could argue that the readiness of the patient to initiate
a VR intervention may be a more delicate matter and
is different for each individual. As such, maybe rather
a range of days instead of a prespecified number of
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days after ICU discharge prior to initiation with VR
should be considered in future studies. In addition,
patients in the ICU-VR group desired a median of one
VR session. This is considerably less than the average
number (8-14 sessions) reported in the non-ICU set-
ting (14). This difference may be partially explained by
the nature of PTSD in different contexts. Patients with
ICU-related PTSD do not necessarily fear the “real”
environment of the ICU or events during ICU treat-
ment, but rather fear the frightening experiences they
remember; in contrast, patients with non-ICU-related
PTSD fear an actual event or situation (10, 37). VR is
a new technology with the potential to reframe these
frightening critical illness-related memories (38).
As such, VR may enable patients to cope with their
ICU experience, reframe their memories, and fill in
memory gaps to maximize understanding. Also, in
the non-ICU setting, randomized studies to determine
the optimal number of VR sessions studies are lack-
ing, and the studies have not reported long-term fol-
low-up results, which further limit the ability to justify
the number of VR sessions (14, 39). Importantly, the
patient-centered approach, that is, giving patients the
opportunity to receive the intervention as many times
as they want, may improve outcomes. Research inves-
tigating this matter must be encouraged.

Previous non-ICU studies demonstrated that VR
frequently causes some level of cybersickness (40, 41).
Two major points must be addressed. First, although
we observed no differences in nausea, oculomotor, or
disorientation scores between groups, the ranges in-
dicate that some patients experienced slight levels of
arousal. However, none of the sessions required early
cessation due to side effects, and cybersickness was
mild and uncommon. Second, it is known that the du-
ration of VR exposure is positively correlated with the
level of cybersickness and that exposure longer than 20
minutes increases cybersickness (42, 43). We therefore
empirically chose a duration of less than 20 minutes.

A global uniform workflow regarding the organiza-
tionof post-ICU careisstillbeingdeveloped,and assuch
ICU follow-up guidelines are scarce (44). Because psy-
chologic post-ICU sequelae are considered quite intru-
sive, ICU-VR mainly focuses on this component (45).
Consistent with previous observations, we docu-
mented a decline in post-ICU-related sequelae in the
control VR group (44). Despite this decline, we still
observed effects of ICU-VR on PTSD and depression.
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A strength of our study is that we were able to show
that ICU-VR has beneficial effects on mental health
and psychologic well-being. The fact that psychologic
well-being was assessed 1 and 6 months after ICU dis-
charge is a strong feature. If most patients establish a
new equilibrium after 1 year, it may be helpful to offer
an additional VR session, 3 or 6 months after ICU dis-
charge. Future studies should evaluate this issue.
Several limitations should be acknowledged. First, a
larger than ideal number of patients were lost to fol-
low-up at 6 months. This may reflect the burden of the
questionnaires and might lead to a biased result. To
adjust for this, missing data were dealt with using the
“LOCF” method for the 6-month time point. To make
sure we did not overestimate long-term effectiveness
using the LOCF method, we also calculated the long-
term effect with the multiple imputation method, which
resulted in a comparable effect on patients’ PTSD- and
depression-related symptoms. Also, at 1 month, we
had a response rate of 84% and observed significant
improvements in psychologic well-being and quality of
life. In future studies, we should estimate a loss to fol-
low-up of approximately 40% and investigate whether
the burden of questionnaires can be reduced and/or em-
ploy more vigorous cohort retention techniques (46).
Second, as the control group received an active con-
trol, daily contact and social support by the investi-
gator might influence findings. Mental health however
remained similar in the month after the VR control ses-
sion. Third, due to our relatively small sample size, we
were unable to perform subgroup analyses on patients
who had history of anxiety or depression or on patients
who had neurologic diseases, despite the knowledge
that these subgroups have an increased risk on psycho-
logic sequelae. As such, future studies should unravel
whether the effectiveness of ICU-VR differs in certain
subgroups. Fourth, although we assessed the desired
number of sessions among patients, we cannot entirely
be sure that this corresponds with the optimal number
of sessions to achieve the highest effectiveness. As
the probable working mechanism of ICU-VR mostly
relies on reframing of delusional memories or putting
frightening experiences into perspective and increas-
ing the understanding of what happened during ICU
treatment, one session could suffice to increase under-
standing or to establish reframing of delusional memo-
ries or putting frightening experiences into perspective.
One could argue that more sessions would increase the
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exposure component of ICU-VR and thereby increase
effectiveness, although no relation was found between
the number of received sessions and the effectiveness
in the current study. It is also possible that patients did
not desire more sessions because it exaggerated their
frightening thoughts or they just found it unhelpful.
Also, the long-term effects of only one VR session are
unknown. These considerations are rich grounds for
future research. Fifth, patients and investigators were
not blinded to the randomization allocation, which
potentially resulted in some social desirability bias. To
minimize this risk of bias, we did not inform patients
that ICU-VR was the intervention of interest; the em-
ployee delivering the VR followed a strict protocol, and
the analyzing investigator was unaware of the group
allocations. Last, we included only patients with an
episode of sepsis or septic shock, with positive blood
cultures, who were mechanically ventilated more than
24 hours, potentially restricting the generalizability of
our results. We explicitly chose this group because up
to 42% of ICU patients suffer from sepsis, and it is a
known independent risk factor for the development of
stress disorders among survivors (23, 47).

CONCLUSIONS

In this randomized pilot study, we demonstrated that
ICU-VR is a novel immersive intervention that could
be used shortly after ICU discharge and is well tolerated
among critical illness survivors. Patients randomized to
the ICU-VR group reported less psychologic distress
and a better mental HRQoL up to 1 month after VR ex-
posure. Future, adequately powered studies should de-
termine the definitive effect of ICU-VR on psychologic
distress and should determine the effect of timing, that
is, offering ICU-VR shortly after ICU discharge or later
in post-ICU care, such as during an ICU follow-up clinic.
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