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Abstract: A growing body of evidence supports Virtual 
Reality (VR) as an effective and safe strategy for management 
of pain and stress associated with medical procedures in both 
adults and children. We therefore initiated a feasibility study 
to investigate the effect of VR on pain, stress, and anxiety 
during elective surgery, e.g. implantation of a central-venous 
port catheter, hypothesizing that VR can reduce intraoperative 
pain, stress and anxiety of the patient.  

In this manuscript, the preliminary results of the first 20 
(out of 6o planned) patients are presented. Baseline pain 
characteristics did not differ between the two study groups 
(VR group (n=10) and standard (no VR device) group (n=10)). 
System usability (“easy to use”, “easy to learn” and “safe”) 
was rated “good – very good” by the study participants. Self-
assessment of anxiety components (Y-6 item questionnaire) 
revealed a calming (3.3 ± 0.5 vs. 2.4 ± 0.5, P= 0.009) and 
relaxing (2.7 ± 1.2 vs. 1.8 ± 0.4; P=0.09) effect of the VR 
device. Evaluation of pain level (Short form McGill 
questionnaire) during the procedure revealed a lower pain 
intensity (VAS) level (17.5 ± 12.1 vs. 19.5 ± 10.6; P= 0.834) 
and present pain intensity (PPI) score (0.9 ± 0.6 vs. 1.0 ± 0.5; 
P= 0.841) in the VR group  

Preliminary data of our feasibility study indicates a 
positive effect of VR towards reduction of pain and stress in 
patients undergoing minor surgery in local anaesthesia. 
However, further data is needed to substantiate these results. 

Keywords: Virtual Reality (VR), port implantation, pain, 
anxiety, feasibility study 

1 Introduction 

Over 20 years ago, Virtual Reality (VR) was successfully 
introduced in the medical field as an adjunctive pain treatment 
for burn victims [1]. Since then, a growing body of evidence 
now supports  VR as an effective and safe strategy for 
management of acute pain associated with different medical 
procedures in both adults and children [2, 3].  It is assumed 
that the perception of pain is related to the amount of attention 
that is given to pain stimuli in the brain [4]. VR acts as a 
distraction to limit the user’s processing of nociceptive stimuli 
by stimulating the visual cortex in the brain [5]. In addition, 
VR has also proven to be a useful tool in reducing 
perioperative anxiety [6]. Whereas former VR devices tended 
to be expensive and non-portable, the emergence of more 
affordable devices such as head mounted displays (HMD) has 
made VR now more feasible for clinical use [7]. 

 The purpose of this study is to investigate the effect of VR 
on pain, stress, and anxiety during elective surgery, e.g. 
implantation of a central-venous port catheter. We hypothesize 
that VR can reduce intraoperative pain, stress and anxiety of 
the patient. 

2 Methods 

This study is a monocentric feasibility study carried out in the 
Department of Surgery, Klinikum rechts der Isar, TU Munich.  
Patients aged 18 years and older with an indication for port 
implantation are included. The operation is performed 
according to house standard with local anaesthesia. Written 
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informed consent is required for participation in the study. 
Exclusion criteria are patients with chronic pain. These are 
defined as "persistent or recurrent pain" or "pain lasting longer 
than 3 months", chronic use of analgesics (opioids), previous 
opioid use, (use within 8 to 90 days before the surgical 
procedure), alcohol or drug abuse, history of epileptic seizures, 
claustrophobia, and blindness.  

 

 
 

Primary endpoint 
The primary endpoint is the reduction of the intraoperative 
pain sensation as well as the level of anxiety and stress. These 
are assessed by Short Form McGill Pain questionnaire [8] and 
Y-6 item questionnaire for self-assessment of anxiety 
components [9]. 
 
Secondary endpoints 
The secondary endpoints are the recording of preoperative 
pain and anxiety levels (baseline assessment) using the Pain 
Catastrophizing Scale (PCS) questionnaire [10]. The VR 
device was additionally assessed by system usability 
questionnaire.  

In this study, the VR headset (type Pico G2 4K Premium) 
from SyncVR Medical GmbH, Utrecht, Netherlands with 
HypnoVR and SyncVR Relax & Distract software is used 
[11]. The patients can choose from different film scenarios 
(underwater world, beach, winter landscape, forest walk, 
space) and background music (jazz, lounge, classical), which 
are projected in the VR headset. This is a passive, audio-visual 
VR immersion and not a form of medical hypnosis (Figure 1).  

Patients were randomized to either intervention or 
standard procedure group. Patients randomized to the 
intervention, i.e. VR group, receive the VR device during the 
procedure, which simulates a relaxing virtual environment. In 
the standard procedure group, the procedure is performed 
without VR glasses. This group will have access to a music 
program of their choice if desired.  

In both groups, the operation is performed under local 
anaesthesia. After the operation, the pain sensation during the 
operation and the level of anxiety and stress are assessed using 
Short Form McGill Pain questionnaire and Y-6 item 
questionnaire for self-assessment of anxiety components. 
 

Statistics 
The feasibility study is planned with independent cases and 
controls with one control per case. Our hypothesis is that 
virtual reality (VR= intervention) will show a positive effect 
on pain perception, anxiety and stress during surgery.  

Statistical   analysis in this manuscript was performed by 
using Microsoft© Excel 2016 XLSTAT (Microsoft 
Corporation). Descriptive analyses were obtained where 
applicable. Mann-Whitney U tests were calculated for 
nonparametric distribution. Statistical significance was 
determined by P <0.05.  

3 Results 

Female:male ratio was 7:3 in the VR group (n=10) and 5:5 in 
the standard (no VR device) group (n=10)). Mean age was 
66.8 ± 7.2 vs 67.2 ± 5,4 years (n.s.). Baseline pain 
characteristics did not differ between the two study groups. 
Table 1 gives an overview of the study participants pain type 
and -experience evaluation using the Pain Catastrophizing 
Scale (PCS) questionnaire that quantifies individuals´ pain 
experience (helplessness (Q1-5, Q12), magnification 
(Q6,7,13), rumination (Q8-12)). 

 
Table 1. Baseline characteristics of pain type and -experience 
evaluation (Pain Catastrophizing Scale (PCS) questionnaire). 
0=not at all, 1=to a slight degree, 2=to a moderate degree, 3=to 
a great degree, 4=all the time.  
 

Q VR Non-VR P Mean ± SD ∑ Mean ± SD ∑ 
1 0.9 ± 1.2 9 0.9 ± 1.2 9 0.798 
2 0.8 ± 0.9 12 0.7 ± 0.9 16 0.793 
3 0.8 ± 0.9 9 0.9 ± 0.9 9 0.793 
4 0.5 ± 1.0 5 0.5 ± 1.0 5 0.772 
5 0.5 ± 1.3 5 0.5 ± 1.3 5 0.718 
6 0.7 ± 0.9 7 0.7 ± 0.9 7 0.798 
7 0.7 ± 0.9 7 0.7 ± 0.9 7 0.798 
8 0.5 ± 1.0 5 0.7 ± 0.9 7 0.585 
9 0.5 ± 1.3 5 0.5 ± 1.3 5 0.718 
10 0.7 ± 1.3 7 0.8 ± 1.3 8 0.867 
11 0.4 ± 1.0 4 0.6 ± 1.0 6 0.587 
12 0.5 ± 1.3 5 0.6 ± 1.3 6 0.929 
13 0.6 ± 1.1 6 0.7 ± 1.1 7 0.929 

 
Primary endpoint of the study is to prove whether VR is 

able to reduce intraoperative pain sensations as well as anxiety 
and stress levels or not. Figure 2 gives an overview of reported 
pain levels (Short form McGill questionnaire) during surgery. 
Both total normative estimated pain intensity (25.2 ± 16.4 vs. 
29.1 ± 15.3) as well as present pain intensity (0.9 ± 0.6 vs. 1.0 ± 
0.5) were slightly higher in the Non-VR group. 

Figure 1. VR 
headset (type Pico 
G2 4K Premium), 
SyncVR Medical 
GmbH, Utrecht, the 
Netherlands. 
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Figure 2: Results of pain type and -experience evaluation 
(Short-Form McGill questionnaire). Normative estimated pain 
intensity (NEPI), sensory (s) and affective (a) dimension, Pain 
intensity (PI/VAS) and Present pain intensity (PPI). 0= none, 
1= mild, 2= moderate, 3= severe; VAS: 0 – 100; PPI: 0= no 
pain, 1= mild, 2= discomforting, 3= distressing, 4= horrible, 
5= excruciating. 

 
Although not reaching significance levels, pain intensity 
(PI/VAS) during the procedure was less in the VR group as 
compared to the standard group (17.5 ± 12.1 vs. 19.5 ± 10.6; 
P= 0.834). 

 
Table 2: Results of the pain type and -experience evaluation 
(Short-Form McGill questionnaire). NEPI: 0= none, 1= mild, 
2= moderate, 3= severe; VAS: 0 – 100; PPI: 0= no pain, 1= 
mild, 2= discomforting, 3= distressing, 4= horrible, 5= 
excruciating. 
 

Normative estimated 
pain intensity (NEPI) 

 VR Non-VR 

Sensory dimension score n % n % 

Throbbing 
0 
1 

2 – 3 

3 
7 
0 

30 
70 

2 
8 
 

20 
80 

Shooting 

0 
1 
2 
3 

4 
6 
0 
0 

40 
60 

4 
5 
1 
 

40 
50 
10 

Stabbing 

0 
1 
2 
3 

5 
4 
1 
0 

50 
40 
10 

5 
3 
2 
 

50 
30 
20 

Sharp 
0 
1 

2 – 3 

6 
4 
0 

60 
40 

5 
5 
 

50 
50 

Cramping 
0 
1 

2 – 3 

10 
0 
0 

100 9 
1 

90 
10 

Gnawing 0 10 100 10 100 

Hot/burning 
0 
1 

2 – 3 

8 
2 
0 

80 
20 

7 
3 
 

70 
30 

Aching 
0 
1 

2 – 3 

9 
1 
0 

90 
10 

9 
1 

90 
10 

Heavy 0 10 100 10 100 

Tender 

0 
1 
2 
3 

5 
5 
0 
0 

50 
50 

5 
3 
2 
 

50 
30 
20 

Splitting 

0 
1 
2 
3 

9 
0 
1 
0 

90 
 

10 

9 
0 
1 
0 

90 
 

10 

Affective dimension  

Tiring/exhausting 0 10 100 10 100 
sickening 0 10 100 10 100 

Fearful 
0 
1 

2 – 3 

9 
1 
0 

90 
10 

8 
2 
 

80 
20 

Punishing/cruel 0 10 100 10 100 

Present Pain Intensity 
(PPI) 

0 
1 
2 

3 - 5 

2 
7 
1 
0 

20 
70 
10 

1 
8 
1 
 

10 
80 
10 

Pain intensity (VAS) Mean ± SD Mean ± SD 
17.5 ± 12.1 19.5 ± 10.6 

 
Usability of the VR-device was rated “good – very good” by 
the study participants (Table 3). 8/10 patients stated that they 
would like to use the VR-device more often.  

 
Table 3: Usability evaluation of the VR-device; 1= do not 
agree at all, 2= agree little, 3= neutral, 4= agree somewhat, 5= 
fully agree. 

 
 

 
 
 
 
 
 
 
 
 
Self-assessment of anxiety components (Y-6 item 
questionnaire) revealed a calming (3.3 ± 0.5 vs. 2.4 ± 0.5, P= 
0.009) and relaxing (2.7 ± 1.2 vs. 1.8 ± 0.4; P=0.09) effect of 
the VR device (Table 4).  

 
Table 4: Self-assessment of anxiety components (Y-6 item 
questionnaire). 1= not at all, 2= barely, 3= somewhat, 4= very 
much.  
 

 VR Non-VR P 
I feel Mean SD Mean SD  
… calm 3.3 0.5 2.4 0.5 0.009 
… tense 2.0 1.0 2.8 0.7 0.05 
… relaxed 2.7 1.2 1.8 0.4 0.09 

0

1

10

100

NEPI total NEPI (s +
a)

PI (VAS) PPI

Pain Level (log)
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4 Discussion 

Most acute pain studies revealed VR to be an effective tool in 
reducing acute pain that is experienced during various medical 
procedures, e.g. urological or dental procedures [7]. In 
addition, VR can also be used as a safe and non-invasive 
analgesic method, without risks of e.g. drug addiction [4].  

Our preliminary study results are consistent with 
previously published data, which have found VR to be 
effective in reducing pain sensations during medical 
interventions carried out in local anaesthesia [3]. Self-
assessment of anxiety components revealed a calming (3.3 ± 
0.5, P= 0.009) effect of the VR device. Usability of the 
deployed system was rated satisfactory (good – very good) by 
the majority of study participants. Mean age of the first 20 
enrolled study participants as well as gender did not differ 
significantly between both groups (female:male ratio 7:3 in the 
VR group vs. 5:5 in the standard (no VR device) group; mean 
age 66.8 ± 7.2 vs 67.2 ± 5,4 years).  

Based on our preliminary data, no correlation of patient 
age and VR acceptance can be shown at this time. Known VR 
side effects such as motion sickness and headache did not 
occur within the first 20 participants. A limitation of our study 
is the fact, that the study participants in the VR group cannot 
switch the virtual environment or music during the procedure, 
as these features are randomly played by the software. Another 
limitation could be, that there is still a lack of standardized 
measurement tools for evaluation of how immersed 
participants feel when undergoing a VR intervention. In our 
study, common pain and anxiety questionnaires were used [8-
10]. However, a more comprehensive evaluation tool would 
be beneficial due to the complexity of immersion. 

5 Conclusion 

Preliminary data of our feasibility study indicates a positive 
effect of VR towards reduction of pain and stress in patients 
undergoing minor surgery in local anaesthesia. However, 
further data and research is needed to substantiate these results 
and to assess the extent to which one needs to be immersed in 
a VR environment in order to reduce pain and anxiety. 
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