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Abstract 

Introduction:  The management of pain and anxiety remains a challenge in the intensive care unit. By distracting 
patients, virtual reality (VR) may have a role in painful procedures. We compared VR vs. an inhaled equimolar mixture 
of N2O and O2 (Kalinox®) for pain and anxiety management during the removal of chest drains after cardiac surgery.

Methods:  Prospective, non-inferiority, open-label study. Patients were randomized, for Kalinox® or VR session during 
drain removal. The analgesia/nociception index (ANI) was monitored during the procedure for objective assessment 
of pain and anxiety. The primary endpoint was the ΔANI (ANImin − ANI0) during the procedure, based on ANIm (aver-
age on 4 min). We prespecified VR as non-inferior to Kalinox® with a margin of 3 points. Self-reported pain and anxiety 
were also analysed using numeric rate scale (NRS).

Results:  200 patients were included, 99 in the VR group and 101 in the Kalinox® group; 90 patients were analysed in 
both groups in per-protocol analysis. The median age was 68.0 years [60.0–74.8]. The ΔANI was − 15.1 ± 12.9 in the 
Kalinox® group and − 15.7 ± 11.6 in the VR group (NS). The mean difference was, therefore, − 0.6 [− 3.6 to 2.4], includ-
ing the non-inferiority margin of 3. Patients in the VR group had a significantly higher pain NRS scale immediately after 
the drain removal, 5.0 [3.0–7.0] vs. 3.0 [2.0–6.0], p = 0.009, but no difference 10 min after. NRS of anxiety did not differ 
between the two groups.

Conclusion:  Based on the ANI, the current study showed that VR did not reach the statistical requirements for a 
proven non-inferiority vs. Kalinox® in managing pain and anxiety during chest drain removal. Moreover, VR was less 
effective based on NRS. More studies are needed to determine if VR might have a place in the overall approach to 
pain and anxiety in intensive care units.

Trial registration NCT, NCT03956264. Registered 20 May 2019, https://​clini​caltr​ials.​gov/​ct2/​show/​NCT03​956264
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Background
The management of acute pain and anxiety related to 
healthcare interventions remains a major challenge, espe-
cially in the intensive care unit (ICU). Pain is common in 

critically ill adults at rest and during procedures includ-
ing regular activities (e.g., turning) and discrete pro-
cedures (e.g., arterial catheter insertion). Chest tube 
removal, wound drain removal, and arterial line insertion 
were described to be the three most painful procedures, 
with median pain scores of 5 (3–7), 4.5 (2–7), and 4 (2–6) 
on a 0–10 numeric rating scale, respectively [1].

Following cardiac surgery, mediastinal and pleural 
chest tubes are inserted to drain blood, then removed 
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typically during the second postoperative day. This with-
drawal is described by patients and nurses as a painful 
and frightening experience [2], and a source of anxiety, 
especially with regard to fear of pain. After cardiac sur-
gery, 1  week after discharge from ICU, 82% of patients 
reported pain as the most common traumatic memory of 
their ICU stay and 6 months later, 38% still recalled pain 
as their most traumatic ICU memory [3]. Many treat-
ments have been proposed, including analgesics, mor-
phinics, nonsteroidal anti-inflammatory drugs, inhaled 
nitrous oxide and subcutaneous infiltration of local 
anaesthetics, such as lidocaine or bupivacaine [4–6]. 
However, the absence of any treatment is also frequent, 
given the brevity of the procedure.

An equimolar mixture of oxygen and nitrous oxide 
(Kalinox®) has been proposed in the management of 
many anxiogenic and painful situations and was effective 
in providing analgesia [7–9]. It has been proposed for the 
ablation of mediastinal redons after cardiac surgery [10].

Virtual reality (VR) is a recent technology that allows 
the representation of a pleasant environment in three 
dimensions with complete immersion for the patient, 
using a helmet. The video quality achieved by this tech-
nology and its growing accessibility have attracted the 
medical community to integrate it into the therapeutic 
arsenal available to improve the patients’ satisfaction. By 
distracting patients, this technology helps to reduce anxi-
ety, discomfort and, ultimately, painful feelings related to 
care [11]. A recent meta-analysis of 20 randomized stud-
ies showed a beneficial effect of VR, with a 50% reduc-
tion in pain scores [12]. These data suggest that VR might 
have a role in acutely painful procedures. However, 
current available studies are clinically and statistically 
heterogeneous.

The most common scale used for pain or/and anxiety in 
conscious patients in the ICU is the numeric rating scale 
(NRS), which is a self-reported scale of feeling, graduated 
from 0 to 10. This scale is simple, widely used, and easily 
understood by patients. Analgesic protocols were created 
to titrate the treatment according to the patient felt pain 
[13]. In awake patients, current guidelines for prevention 
and management of pain in ICU recommend the use of 
self-report scale for pain assessment. Guidelines also sug-
gest that other technology including these measuring HR 
variabilities, may be of interest in the ICU pain assess-
ment process and should be explored. Although NRS 
still remains the recommended method in patients able 
to communicate, electrophysiological tools, not based on 
patient’s feeling, have been developed to evaluate pain 
[14].

The analgesia/nociception index (ANI) monitor is a 
device that collects continuously the patient’s electrocar-
diogram signal from the scope. The ANI value is based 

on the influence of the respiratory cycle on the RR inter-
val. It allows a measurement of the heart rate variability, 
modulated by the parasympathetic nervous system and 
the sympathetic central nervous system at the sinoatrial 
node [15]. The ANI monitor gives three values of ANI. 
A continuous index is displayed (each basic measure-
ment is performed on 64 s of data with a sliding window 
every second); then, a calculation is made every second 
and averaged over two time periods: a short average ANIi 
(average over 2 min) and a longer average ANIm (average 
over 4 min).

A mathematic analysis is made by the monitor to nor-
malize the ANI values between 0 (maximum sympa-
thetic effect, indicating the highest level of stress) and 
100 (maximum parasympathetic effect, indicating a low 
level of stress) [16]. In other words, higher ANI values 
would typically be associated with lower pain scores. It 
has been demonstrated that the ANI is useful to guide 
analgesic titration during surgery [17], to evaluate post-
operative pain [18] and emotional status [19]. When used 
in routine care procedures in critically ill non-comatose 
patients, ANI values were significantly correlated with 
Behavioral Pain Scales and instant ANI ≥ 43 had a nega-
tive-predictive value of 90% for excluding significant pain 
[20]. In another study, in the immediate postoperative 
context in conscient patients but before tracheal extuba-
tion, the sensitivity and specificity of ANI < 50 to discrim-
inate between patients with NRS ≤ 3 and NRS > 3 were 
both 86%, giving a 92% negative predictive value, and an 
area under the ROC curve of 0.89 [18].

This study aimed to compare VR vs. Kalinox® for pain 
and anxiety management during the removal of chest 
drains after cardiac surgery, based on ANI values.

Materials and methods
Design, patients and randomization
This prospective, comparative, non-inferiority, open label 
and randomized trial was conducted in the ICU of the 
Centre Médico-Chirurgical Ambroise Paré, in Neuilly-
sur-Seine, France. All patients underwent cardiac surgery, 
requiring withdrawal of mediastinal and pleural drains. 
The patients were included, after information and signed 
informed consent, if they were over 18 years, extubated 
and in sinus rhythm on the electrocardiogram at the time 
of the protocol, since ANI signal analysis requires a sinus 
rhythm. Exclusion criteria included: patients with a pace-
maker, contraindication to Kalinox® or/and morphine, 
altered visual acuity preventing use of VR, incapacity to 
understand the protocol, and patients under protection 
of adults (guardianship, curator or safeguard of justice). 
Randomization was performed using an external Inter-
active Web Response System. Patients were randomly 
assigned (1:1), in permuted blocks of six, to have either 
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hypnotic treatment with Kalinox® or a session of VR dur-
ing the removal of drain. The trial was registered on clini​
caltr​ials.​gov (NCT03956264) on May 20, 2019. Oversight 
and study approval were provided by the Committee for 
Protection of Human Subjects (CPP SUD-EST VI-AU 
1500) on March 8, 2019.

Protocol
The removal of mediastinal and pleural drains was con-
sidered from the second day after cardiac surgery, follow-
ing the specific protocol of the unit, if the drain did not 
produce over 100 cc per day and if there was no medical 
contraindication, such as pneumothorax, or suspicion of 
mediastinal or pleural infection. The withdrawal was per-
formed by the nurse on medical prescription and could 
be done in the ICU or in the standard care unit. The ANI 
system (V2, Software version: V2.2.1.0., PhysioDoloris®, 
MDoloris Medical Systems, Loos, France), with spe-
cific precordium electrodes connected to the monitor, 
was installed 15  min before the procedure to ascertain 
a good and stable signal. In practice, the drain removal 
started with a meticulous disinfection of the sternal scar 
and redon orifice, followed by section of the sutures. This 
preparative time was immediately followed by a removal 
of the drains, one by one. In the two groups, nefopam 
(120  mg per day in continuous infusion, in the absence 
of contraindication) was systematically administered as a 
pre-procedural analgesic treatment. Morphine could be 
used in an intravenous titration at any time, in the event 
of moderate to severe pain (NRS > 4). Continuous ANI 
data were extracted after the procedure. We recorded 
the values of ANIm (average over 4  min). The baseline 
ANI before drain removal (ANI0) and the minimal value 
reached during the procedure (ANImin) were used to 
derive the ANI variation (ΔANI), as ANImin − ANI0, and 
the NRS of pain and anxiety was recorded before the 
drain removal, immediately after, and 10  min after the 
procedure. We also reported the amount of morphine 
used and the satisfaction of the patient and nurses after 
the procedure using a four-level rating scale (very satis-
fied, satisfied, poorly satisfied, unsatisfied).

The two specific protocols for the two groups of the 
study were as follows:

•	 Group 1: A test session of VR was performed after 
randomization and before the procedure.

	 Establishment of a communication code before start-
ing the VR was performed to warned patients before 
removing the tube (e.g., gentle touch of the arm). The 
VR session started during the preparative phase, at 
least 5 min before the removal of the drains, and was 
continued for 10  min after. We used a VRx helmet 

90-degree field of view with head tracking, [Deep-
sen, DT Didier, Mont d’Or, France (http://​www.​deeps​
en.​io/)]. Patients had a choice between five differ-
ent immersive environments (360° videos): a snowy 
mountain, a landscape in India or in Camargue 
(France), a balloon ride or a canoe descent.

•	 Group 1: Kalinox® (Air Liquide, Paris France) was 
started 1 min before the removal of the drains, deliv-
ered continuously and stopped 1  min after removal 
to avoid side effects. Patients were warned orally 
before drains removal.

Endpoint
The primary endpoint was the objective assessment of 
pain and anxiety, measured by the ΔANI during the chest 
drain removal, to demonstrate that VR is non-inferior 
to Kalinox®. Secondary outcomes were the duration of 
ANI > 60, self-reported NRS ratings for pain and anxiety 
(before, immediately after and 10  min after the proce-
dure), the use of morphine (Y/N), patient and nurse sat-
isfaction (four-level Likert scale) and side effects, such as 
digestive or/and neurological disorders.

Statistical analysis
We initially calculated a total sample size of 176 partici-
pants to obtain 80% power to show a non-inferior ΔANI 
in the VR group compared with the Kalinox® group, at a 
5% significance level [21]. The ΔANI in the VR group was 
prespecified as non-inferior to that of the Kalinox® group 
if the difference was 3 points or less. We initially assumed 
a normally distributed ΔANI of 25 ± 8 in the 2 groups 
and a maximum of 10% of attrition. The total number of 
patients was planned to be 100 patients per group.

Shapiro tests were used to test the normality of dis-
tribution of the studied variables. Continuous variables 
were expressed as mean ± standard deviation (SD) when 
distributed normally and median [interquartile range] 
when not. Categorical variables were expressed as a num-
ber (percentage). Categorical variables in two groups 
were compared using the Chi-squared and Pearson’s 
tests. Comparison of normally distributed variables used 
the Student-t test, and other continuous variables were 
compared by a Mann–Whitney nonparametric test. The 
software used was SPSS 25.0.

Results
From September 2019 to July 2020, 246 adult patients 
were screened. Of those, 15 refused to participate in the 
study and 31 did not meet the inclusion criteria. Finally, 
200 patients gave written informed consent and were 
randomized to the VR group (n = 99) or to the Kalinox® 
group (n = 101), 96 patients received the treatment and 

https://clinicaltrials.gov/
https://clinicaltrials.gov/
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http://www.deepsen.io/
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90 were analysed in per protocol analysis (11 excluded 
patients: 4 with acute atrial fibrillation before protocol, 
7 with non-analysable ANI data). In the VR group, 95 
patients received the VR session and 90 were analysed (9 
excluded patients: 4 atrial fibrillation before/during pro-
tocol, 3 non analysable ANI data, and 2 withdrew the hel-
met during the procedure). A flow diagram is presented 
in Fig. 1.

Patient baseline characteristics are presented in Table 1. 
The median age of the whole cohort was 68.0 [60.0–74.8] 
years. Gender did not significantly differ between the two 
groups: 62 men (69%) in the VR group vs. 72 (80%) in the 
Kalinox® group; p = 0.09. The types of surgery were simi-
lar in the two groups.

In the primary analysis, the ΔANI was − 15.7 ± 11.6 in 
the VR group and − 15.1 ± 12.9 in the Kalinox® group; 
the mean difference was, therefore, − 0.6, with a 95% 
confidence interval of − 3.6 to 2.4. The lower limit of the 
95% CI for the reported difference was, therefore, lower 
than the non-inferiority margin (3.6 vs. 3). The ANI data 
and trial outcomes are presented in Table  2. Variations 
of ANI during the procedure are reported in Fig. 2. The 
percentage of time spent within the recommended range 
of the ANI (ANI > 60) was 85 [44–100] in the VR vs. 77 
[39–100] in the Kalinox® group, p = 0.503. The number 
of patients having an ANI below two different thresholds 
of 40 and 50 during the procedure was not significantly 
different between the two groups. In contrast, patients in 

Fig. 1  Flow chart
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the VR group had significantly more pain based on the 
NRS scale, immediately after the drain removal com-
pared to patients in the Kalinox® group, 5.0 [3.0–7.0] vs. 
3.0 [2.0–6.0], respectively, p = 0.009, but there was no dif-
ference in the pain level 10 min after the procedure. Vari-
ations of NRS pain during the procedure are presented 
in Fig.  3. The NRS anxiety level did not differ between 
the two groups. The use of morphine was low in the two 
hours before the procedure (7.2% in the whole cohort) 
and was not significantly different between the two 
groups during the procedure: 2 (2.2%) in the VR group 
vs. 0 (0%) in the Kalinox® group (p = 0.155). Patients’ sat-
isfaction was higher in the Kalinox® group (p = 0.002). 
In detail, 89 (99%) patients were satisfied and very satis-
fied with Kalinox® vs. 81 (90%) with VR, p = 0.009. The 
nurses’ satisfaction (satisfied and very satisfied) was 
97.2% in the whole cohort and did not differ between 
the two groups (p = 0.69). Three minor side effects 
were declared in the VR group (2 vertigo and 1 nausea) 
and also three in the Kalinox® group (2 euphoria and 1 
headache).

Discussion
Although easy to use, well tolerated and providing satis-
faction in 90% of patients and 97% of nurses, our study 
failed to prove the non-inferiority of VR compared to 
Kalinox® when removing drains after cardiac surgery. 
Based on the ANI, the results were not statistically 

different; however, they did not reach the statistical 
requirements for a proven non-inferiority. Based on 
the NRS and on patient satisfaction, the results were 
significantly in favour of Kalinox®: the feeling of pain 
immediately after the procedure in the VR group was 
significantly higher than in the Kalinox® group. This 
is at odds with the results of a recent meta-analysis, 
where VR was able to reduce pain in various painful 
situations, such as burn wound care. However, these 
results were based on small studies that were clinically 
and statistically heterogeneous, using only a pain score 
[12]. Some previous reviews and studies found moder-
ate evidence for the reduction of acute pain with VR, 
based on self-rated NRS [22–24]. In this current study, 
we did not find a correlation between ANI values and 
NRS, as ANI did not differ between the two groups, 
while NRS was significantly higher in VR group. One 
hypothesis is that the difference could be due to a seda-
tive and/or amnesic effect of Kalinox®.

Pain management in the ICU is still a challenge, 
especially in cases of brief painful care, such as during 
drain removal. Opioid drug use is not the best treat-
ment option in this situation due to their onset and 
duration of action and their digestive and neurological 
side effects. Besides, morphine use was extremely low 
in this study. Kalinox® seems to be a good compromise, 
because it is easy to use, has a short onset of action and 
a short duration after removal. Moreover, it has shown 

Table 1  Baseline characteristics

Values are given in median [25–75 interquartile range] or number (%)

BMI body mass index, CPB cardiopulmonary bypass, ICU intensive care unit, VR virtual reality

Whole Cohort (n = 180) Kalinox® (n = 90) VR (n = 90) p value

Demographics

 Male gender 134 (74) 72 (80) 62 (69) 0.09

 Age, years 68.0 [60.0–74.8] 68.0 [60.0–74.0] 68.0 [61.5–75.0] 0.94

 BMI, kg/m2 25.9 [23.5–28.7] 26.5 [23.7–29.3] 25.1 [23.2–28.1] 0.17

Surgery

 CPB time 70 [55–86] 71 [55–85] 69 [55–87] 0.74

 Type of surgery 0.39

  Isolated coronary bypass surgery 99 (55.0) 53 (58.9) 46 (51.1)

  Combined coronary bypass surgery 7 (3.9) 5 (5.6) 2 (2.2)

  Isolated or combined valve surgery 61 (33.9) 29 (32.2) 32 (35.6)

  Aorta surgery 5 (2.8) 1 (1.1) 4 (4.4)

  Myxoma 1 (0.6) 0 (0.0) 1 (1.1)

  Pericardiocentesis for tamponade 6 (3.3) 2 (2.2) 4 (4.5)

  Abdominal aorta surgery 1 (0.6) 0 (0.0) 1 (1.1)

 Number of mediastinal tubes 2 [2–2] 2 [2–2] 2 [2–2] 0.14

 Number of pleural tubes 1 [0–2] 1 [0–2] 1 [0–2] 0.43

 Drains removal in ICU 175 (97.2) 88 (97.8) 87 (96.7) 1.0

 Drains removal in standard care unit 5 (2.8) 2 (2.2) 3 (3.3) 1.0
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a reduction of acute pain and anxiety with low side 
effects.

Anxiety is also an important issue in the ICU and 
could result in persistent symptoms after discharge and/
or depression [25]. In addition, perioperative depression 
and anxiety may be associated with increased postopera-
tive mortality in patients undergoing cardiac surgery [26, 
27]. In our study, we found no difference between VR and 
Kalinox® in terms of self-reported anxiety immediately 
after the procedure and after 10 min. Using VR to distract 
patients could be an efficient tool to reduce anxiety, nota-
bly during painful procedures in the ICU. VR must have 
special qualities to make it effective, such as presence (a 
sense of immersion in the environment), interactivity, 
customization, social interaction, and embodiment. This 
allows it to be accepted by the patient and incorporated 
successfully into their existing medical therapies [28]. 

Although these explanations were developed from the 
observation of children, they are comparable for adults. 
In our study, despite a median age of 68 [60–74.8] years, 
VR was well tolerated and accepted (90% of patients were 
satisfied or very satisfied). To increase the acceptance, we 
performed a test session of VR before the procedure.

Although limited interest to reduce pain, VR seems to 
be a promising adjunctive therapy in ICU, as it is well-
tolerated, non-invasive, and could reduce stress and 
anxiety. The improvement of VR devices with higher 360 
video quality, more immersive environments with the 
possibility of adding hypnosis techniques, as well as the 
greater availability of this type of accessory in ICU, makes 
it an interesting tool to experiment in near future.

This study presented some limitations. First, it was a 
single-centre study, corresponding to a specific experi-
ence. We performed this study on a specific situation 

Table 2  Outcomes

Values are given in mean ± SD when appropriate or median [25–75 interquartile range] or n (%)

ANI analgesia/nociception index 0–100, ITT intention to treat analysis, NRS numerical rating scale 0–10, PP per-protocol analysis, VR virtual reality

Whole cohort (n = 180) Kalinox® (n = 90) VR (n = 90) p value

PP ITT

Primary outcome

 ΔANI − 15.38 ± 12.20 − 15.06 ± 12.85 − 15.70 ± 11.58

Secondary outcomes

 Time with ANI > 60 (%) 83 [43–100] 77 [39–100] 85 [44–100] 0.503

 ANI minimal value, n (%):

  ANI < 50 56 (31.1) 30 (33.3) 26 (28.9) 0.63

  ANI < 40 16 (8.9) 9 (10) 7 (7.8) 0.79

 NRS pain

  Before procedure 3.0 [1.0–5.0] 3.0 [2.0–5.0] 2.5 [1.0–4.3] 0.164 0.29

  Immediately after procedure 4.0 [2.0–6.0] 3.0 [2.0–6.0] 5.0 [3.0–7.0] 0.009 0.03

  10 min after procedure 2.0 [1.0–3.0] 1.0 [0.0–2.0] 2.0 [1.0–3.0] 0.065 0.06

 NRS anxiety

  Before procedure 3.0 [1.0–5.0] 4.0 [1.5–5.0] 3.0 [1.0–5.0] 0.407

  Immediately after procedure 3.0 [1.0–5.0] 3.0 [1.0–5.0] 3.0 [1.0–6.0] 0.444

  10 min after procedure 1.0 [0.0–3.0] 1.0 [0.0–3.0] 1.0 [0.0–3.0] 0.785

 Morphine use

  Before procedure 13 (7.2) 7 (7.8) 6 (6.7) 0.773

  After procedure 2 (1.1) 0 (0.0) 2 (2.2) 0.155

 Patient satisfaction 0.002

  Unsatisfied 0 (0) 0 (0) 0 (0) –

  Not very satisfied 10 (5.6) 1 (1.1) 9 (10) 0.01

  Satisfied 58 (32.2) 23 (25.6) 35 (38.9) 0.06

  Very satisfied 112 (62.2) 66 (73.3) 46 (51.1) 0.002

 Nurse satisfaction 0.69

  Unsatisfied 0 (0) 0 (0) 0 (0) –

  Poorly satisfied 5 (2.8) 2 (2.2) 3 (3.3) 0.65

  Satisfied 21 (11.6) 9 (10) 12 (13.3) 0.49

  Very satisfied 154 (85.6) 79 (87.8) 75 (83.3) 0.40
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(chest tube removal) in cardiac surgery patients, which 
can make it difficult to generalize. Patients were not 
included if they were judged unable to understand by 
investigators, but we did not use delirium evaluation with 
specific scale. Second, we used a specific VRx device, and 
each VR device may not be suitable for all patients. With 
this device, patients could choose their immersive envi-
ronment and navigate into it. Some patients may need 

more interactivity, self-customization and social interac-
tion for a full VR experience, and this could have reduced 
the effectiveness of the VR session. Furthermore, we fixed 
a range of non-inferiority of 3 and anticipated a change 
of ΔANI of 25 ± 8. This threshold could have been too 
restrictive. Finally, we could not exclude a lack of power 
to demonstrate the non-inferiority of VR and Kalinox®.

Conclusion
Although VR was well tolerated by patients and allowed 
a satisfying self-reported anxiety control during drain 
removal after cardiac surgery, it failed to prove non-infe-
riority compared to Kalinox® for the management of pain 
and anxiety, as assessed by ANI, and was less effective 
based on NRS. More studies are needed to determine if 
VR might have a place in the overall approach to pain and 
anxiety in intensive care units.
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Fig. 2  ANI variation during procedure. ANI values 0–100 points (low 
values indicating higher levels of pain). ANI analgesia/nociception 
index, VR virtual reality

Fig. 3  NRS pain variation during procedure. NRS pain (0–10) in the VR 
and Kalinox groups before, immediately after, and 10 min after chest 
drain removal. Data are represented as median with interquartile 
range. NRS numerical rating scale, VR virtual reality
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