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Virtual reality-based treatment has been found to be effective at reducing stress and fear in children 
during procedures involving needles, but its effects on the autonomic nervous system and heart rate 
variability remain uncertain. This feasibility study compared a virtual reality-mediated deep breathing 
exercise with treatment as usual in managing the stress and fear of children during a venipuncture. 
We included 45 children who underwent a needle procedure as part of their routine treatment. The 
study patients performed 6 min of deep breathing training in a virtual natural environment during the 
needle procedure. The stress response in the autonomic nervous system was determined by heart rate 
variability measurements. The median respiratory rate was significantly lower during the intervention 
in the deep breathing training group (median 14 [Q1-12, Q3-16.5]) than in the control group (20 
[18, 20.88]), (p < .001), confirming good compliance with exercise. In a 6-min heart rate variability 
measurement, mean high frequency in normalised unit (HFnu, 0.15–0.4 Hz) indicates a significantly 
greater level of activation in the parasympathetic nervous system during exercise (mean 61.57 [SD 
16.29]) than in the control (40.46 [16.10]), (p < .001). Virtual reality-mediated guided deep breathing is 
a feasible nonpharmaceutical treatment option for stress and fear relief when treating child patients 
undergoing a needle procedure.
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Abbreviations
VR	� Virtual reality
ANS	� Autonomic nervous system
HRV	� Heart rate variability
HR	� Heart rate
BP	� Blood pressure
VirNE	� Virtual natural environment
SDNN	� Standard deviation of all N–N intervals
RMSSD	� Root mean square of successive differences
SI	� Stress index
LFnu	� Low frequency in normalized unit
HFnu	� High frequency in normalized unit
FFT spectrum	� Fast Fourier transform spectrum

Virtual reality (VR) tools have been found to be effective at reducing pain and fear in children during procedures 
involving needles1,2. Pain, fear, and other stress-related emotions affect the level of activation in the autonomic 
nervous system (ANS), which regulates multiple processes in the body, such as heart rate and blood pressure, 
respiration, digestion, and arousal. The ANS functions are mostly not volitional, but the responses can be 
indirectly modulated through voluntary control, for example, by adjusting the rate of respiration.
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Heart rate variability (HRV) indirectly reflects activity in the ANS; therefore, it is one way to objectively 
measure stress. When a patient is experiencing stress and fear, the HRV usually decreases and the heart rate (HR) 
and blood pressure (BP) increase.

The evidence concerning the feasibility and effectiveness of the use of VR solutions3,4 and VR deep breathing 
exercises5in pediatric setting are promising. The advantages of using a VR solution to address the acute pain 
and anxiety of child patients are its effectiveness and formability6. VR solutions are already a part of routine 
treatment when providing patients with education and information, preparing them for unpleasant procedures 
and performing therapeutic interventions7. Since the technology has improved over the years, VR equipment is 
currently reasonably priced.

However, studies regarding how VR interventions affect ANS and HRV in child patients remain rare8,9. New 
approaches are needed, considering the increased prevalence of anxiety-related symptoms and stress in the child 
population10. The more children face these challenges, the greater the need for low-threshold, easily accessible, 
approachable, and cost-effective treatment options is.

Yet, fear, anxiety and stress can be normal reactions to various everyday triggers, such as receiving a 
vaccination or having a dental appointment. In these routine and completely normal activities, it is crucial not to 
over-medicalize the situation. Children need methods for stress- and anxiety-relief that they can apply to diverse 
challenges, and that arise from themselves11.

Furthermore, if we manage to provide the children with suitable tools for self-soothing and stress-control 
during needle procedures, it is possible to avoid the origin and the emergence of actual fear of needles 
(trypanophobia)12,13.

The aim of this feasibility study was to combine self-regulation of the ANS through a breathing exercise with 
an immersive natural environment. By bringing together self-regulation of ANS with guided breathing and the 
virtual nature can be an effective way of responding to the need for effective treatment alternatives for stressed 
and fearful children. In this setting, we compare this novel approach to treatment as usual in managing the stress 
and fear of children during intravenous cannulation via HRV measurements to determine the stress response 
in the ANS.

Our hypothesis is that, with the help of the guided exercise and the immersive virtual nature environment, the 
children will be able to calm down, as evidenced by their deepened breathing, and adjust their stress response, 
as measured by HRV.

Materials and methods
Study design
This study included 45 children aged 8–12  years (Table 1) who underwent an intravenous cannulation or 
venipuncture as part of their routine treatment at Tampere University Hospital or Päijät-Häme Central Hospital 
in Finland from 2022 to 2024.

Intravenous cannulation or venipuncture was conducted by an experienced nurse or a paediatrician. A 
needle or a cannula was inserted into a vein in either the crook of the arm or the back of the hand. Children had 
the option to have skin-numbing lidocaine cream (lidocaine/prilocaine 25 mg/g) on the injection site prior to 
the procedure at their own discretion.

Total (= 45) Intervention (= 21) Control (= 24) p-value

Age, y
Mean (SD) 9.93 (1.286) 9.95 (1.244) 9.92 (1.349) 0.927

Sex n (%)
Female (%)
Male (%)

21 (46.7)
24 (53.3)

13 (61.9)
8 (38.1)

8 (33.3)
16 (66.7) 0.076

Previous diagnosis
Yes
No

22 (48.9)
23 (51.1)

11 (52.4)
10 (47.6)

11 (45.8)
13 (54.2) 0.661

Previously used interventions on venipuncture
Yes (%)
No (%)

17 (37.8)
28 (62.2)

11 (52.4)
10 (47.6)

6 (25)
18 (75) 0.059

Use of topical numbing cream during the intervention
Yes
No

32 (71.1)
13 (28.9)

15 (71.4)
6 (28.6)

17 (70.8)
7 (29.1) 1.000

Previous Venipuncture, no
0–3
4–10
11 or more

26 (57.8)
11 (24.4)
8 (17.8)

11 (52.4)
5 (23.8)
5 (23.8)

15 (62.5)
6 (25)
3 (12.5)

0.603

Fear of needles, n (%)
Yes
No

33 (73.3)
12 (26.7)

18 (85.7)
3 (14.3)

15 (62.5)
9 (37.5) 0.071

Regular physical training, n (%)
Yes
No

17 (37.8)
28 (62.2)

7 (33.3)
14 (67.7)

10 (41.7)
14 (58.3) 0.759

Table 1.  Patient characteristics.
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Suitable participants were selected from the patient records. Since the study population was recruited 
from routinely booked appointments, the study patients were allocated to the intervention or control group in 
numerical order rather than being randomised.

The eligibility criteria were screened by a study nurse. The inclusion criteria included age, literacy, fluency 
in the Finnish language, and planned intravenous cannulation as an outpatient. Patients with an unstable 
cardiovascular condition, hearing or vision impairment, vertigo, epilepsy, or an unspecified seizure or anatomical 
feature disallowing the use of a virtual reality headset were excluded.

The study patients were interviewed before the intervention to obtain basic medical history. The collected 
data included general information about current health conditions (chronic diseases, allergies, medication, 
physical activity, previous cannulations), experiences with deep breathing training, and previous use of virtual 
reality solutions. Height, weight, blood pressure, body temperature, and oxygen saturation level were measured.

The study protocol was approved by the local ethics committee (Ethics Committee of the Tampere Region, 
Finland; R21068L on 21st June 2021 and 28th June 2021; R21070L on 17th May 2022) in accordance with the 
Declaration of Helsinki and by the national authority supervising clinical device trials (The Finnish Medicines 
Agency, FIMEA; Dnro 2021/007,366 on 16th March 2022). The study was retrospectively registered (ISRCTN; 
12,712,970 on 23rd May 2025). After providing detailed information about the study and the upcoming 
procedure, written informed consent was obtained from both the study patient and the caregiver. (Fig. 1).

The intervention group
The VirNE (Virtual Natural Environment) application combines a 360° audiovisual virtual reality environment 
with deep breathing exercise guidance9. The exercise was followed by a head-mounted display (© Oculus Quest 
2, Meta Platforms Inc, Cambridge, US). The study patients selected their choice of environment to explore: a 
calm Finnish forest, the sea, or a lake view.

In the 6-min exercise video, a floating ball expands and shrinks in a predetermined rhythm, helping the 
patient breathe calmly and deeply (Fig. 2). A gentle voice accompanied by an optional avatar gives the patient 
further guidance throughout the exercise. The intravenous cannulation was conducted approximately 3 min 30 s 
from the start at a fixed point in the exercise.

The control group
The patients in the control group were provided treatment as usual: age-appropriate education about the 
upcoming needle procedure, care, and comfort.

Heart rate variability (HRV) measurements – primary endpoint
Heart rate (HR) and heart rate variability (HRV) were measured via an electrical heart rate sensor (©Polar 
H10 chest strap; Polar Oy, Kempele, Finland). In the deep breathing group, HRV recording started at least 

Fig. 1.  Patient flow in the study. Patients were recruited to one group at a time in numerical order from 
routinely booked appointments.
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5 min before the VR deep breathing exercise and ended 5 min later. In the control group, HRV recording was 
performed from 5 min before to 5 min after intravenous cannulation.

The HRV data were exported to Kubios HRV Scientific analysis software (©Kubios Oy, Kuopio, Finland) 
for detailed analysis and the calculation of seven HRV parameters on the basis of the determined normal R-R 
intervals. The conditions used in signal preprocessing included an automatic sampling rate, an interpolation 
rate of 4 Hz, medium-level automatic noise detection, and an automatic correction method for artefacts and 
ectopic beats. Time series trend removal based on smoothness prior to regularisation had a cut-off frequency 
of 0.035 Hz.

The standard deviation of all N–N intervals (SDNN) reflects all the cyclic components responsible for 
variability in the recording period. The root mean square of successive differences (RMSSD) reflects vagal 
tone and is highly correlated with high-frequency heart rate variability. The stress-index (SI), the square root 
of Baevsky’s stress index, indicates the level of sympathetic activation. Low frequency (LF) and high frequency 
(HF) HRV metrics in normalized units in the fast Fourier transform (FFT) spectrum are domain HRV metrics 
that represent the dominance in the autonomic nervous system. HF typically increases during resting periods 
and decreases during the daytime. LF reflects stimulation in the autonomic nervous system via baroreflex-
related modulation15,16.

The HRV analysis was conducted in the following segments: 1) the 6-min period, which represented the total 
stress load including the intravenous cannulation at 4 min (Fig. 3); 2) the 60-s period during the intervention, 
which measured the effect of the deep breathing exercise or treatment as usual; and 3) the 60-s period before the 
procedure, which was used to compare the responses during the greatest stress exposure.

Statistical analysis
IBM SPSS Statistics for Windows, version 29.0 (© IBM Corp., Armonk, N.Y., United States) was used for 
analyzing the data.

Continuous, normally distributed variables were tested with the independent samples Student’s t-test and 
the nonnormally distributed variables were tested with the Mann–Whitney U test. The chi-square test or 

Fig. 2.  Schematic representation of VirNE exercise.
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alternatively Fischer’s test was used to analyze all the categorical variables. All the reported statistical p-values 
were 2-sided, and the level of significance was set to p < 0.05.

As this is a feasibility study, no formal power calculations were performed to determine sample sizes.

Results
Sample characteristics
A total of 45 subjects (21 in the intervention group and 24 in the control group) participated in the study (Table 1). 
A comparison of the characteristic features (age, sex, diagnoses, previous interventions, previous cannulations, 
fear of needles, and regular goal-oriented training) revealed no significant differences between the groups.

The number of previous intravenous cannulations did not correlate with fear of needles. Furthermore, no 
correlation was found between the use of local anesthetic cream during the procedure and the reported fear of 
needles (p = 0.507). The less the patient had had previous cannulations, the more likely the patient was to use 
local anesthetic cream (p = 0.009). Patients with a previous diagnosis were likely to have used some aid during 
the previous intravenous cannulations (p = 0.005).

No correlation was found between age and fear of needles (p = 0.454) or between sex and fear of needles 
(p = 0.383).

Physiological measurements before and after the procedure
There was a statistically significant difference (p < 0.001) in the respiratory rate during the procedure between 
the deep breathing group (median (Q1,Q3): 14 (12,16.5)) and the control group (median (Q1,Q3): 20 (18,20.9)). 
A significant difference (p < 0.001) in the respiratory rate before and during the procedure was also detected 
between the deep breathing group (median (Q1,Q3): -6; (-7.5,0)) and the control group (median (Q1,Q3):0 
(-0.5,0.5)). Table 2 shows the physiological measurements conducted in detail.

Heart rate variability
Among the 45 HRV recordings, 39 were eligible for analysis. In the exercise group, 2 study patients were excluded 
because of very low adherence to the intervention. In the control group, 4 HRV recordings were technically 
invalid for analysis.

During the 6-min HRV recording period, a significant difference was observed in the HF (p < 0.001) and 
LF (p < 0.001) indices (Table 3). A similar effect was observed for HF (p = 0.003) and LF (p < 0.001) during the 
intervention (Table 4) as well as for HF (p = 0.093) and LF (p = 0.019) 60 s before the procedure.

Fig. 3.  Example of a patient’s 6-min recording. The red line indicates the mean heart rate. The blue vertical 
lines visualize the amplitude of the heart rate variability. The training started at I, the needle procedure was 
performed at II, and the training ended at III.
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User experience
The virtual natural environment was exciting and approachable. The young patients described immersive 
experiences when observing the 360° landscape by giving thorough attention to small details, such as flying 
birds and trees.

No adverse effects were reported during the use of the virtual reality solution. 

Discussion
Summary
This feasibility study was conducted to create a novel nonpharmaceutical treatment option for stress and fear 
management for child patients undergoing a needle procedure. The neural effect of the exercise was measured 
via the HRV, which is one of the most accurate parameters for measuring the activation of the autonomic 
nervous system.

A significant difference in the respiratory rate was observed between the exercise group and the control 
group, indicating that the children can perform respiration during exercise as guided. Calm and deepened 
respiration enhances parasympathetic nervous system activation, which is associated with positive emotions 
and well-being.

In this study, the HRV parameters support the hypothesis that deep breathing results in parasympathetic 
nervous system activation. HF, which is highly associated with parasympathetic nervous system activity, was 

Total
N = 39

Deep breathing
(n = 19)

Control
(n = 20) p-value

Heart rate
Beats per minute (SD) 91.19 (14.26) 88.38 (15.35) .557

SDNN (ms)
Median (Q1;Q3) 53.20 (45.70;64.50) 52.90 (44.28;70.85) .779

RMSSD (ms)
Median (Q1;Q3) 45.30 (33.70;67.20) 49.25 (36.73;79.23) .391

Stress index
Median (Q1;Q3) 9.00 (7.0;10.60) 8.60 (6.23;10.68) .768

LFnu (%)
Mean (SD) 38.40 (16.29) 59.47 (16.16)  < .001

HFnu (%)
Mean (SD) 61.57 (16.29) 40.46 (16.10)  < .001

PNS
Median (Q1;Q3) − 1.17 (− 1.74;-0.16) − 0.97 (− 1.52;0.40) 0.482

SNS
Median (Q1;Q3) 1.57 (0.63;2.43) 1.39 (0.12;2.29) 0.536

Table 3.  HRV parameters for the 6-min period.

 

Intervention group n = 21 Control group n = 24 p-value

Systolic blood pressure
Mean mmHg (SD)
Before
After
Diastolic blood pressure
Mean mmHg (SD)
Before
After

107.52 (9.15)
107.71 (10.57)
65.24 (6.42)
65.48 (8.06)

108.92 (11.88)
107.96 (12.09)
66.38 (8.63)
64.42 (5.99)

0.665
0.943
0.855
0.617

Heart rate
Mean beats per minute (SD)
Before
After

85.52 (16.44)
84.95 (11.01)

74.46 (9.09)
74.38 (10.85)

0.011
0.002

Respiratory rate
Median breaths/minute (Q1;Q3)
Before
During
After
Difference between before and after
Difference between before and during

20 (17;22)
14 (12;16.5)
18 (16;20)
-2 (-4;0)
-6 (-7.5;0)

20 (18;21.75)
20 (18;20.88)
20 (18;20.75)
0 (-1,1)
0 (-0.5;0.5)

0.862
 < 0.001
0.060
0.035
 < 0.001

Blood oxygen saturation level
Median % (Q1;Q3)
Before
After

98 (97;100)
98 (97;98)

98 (98;100)
99 (98;100)

0.671
0.013

Body temperature
Mean ℃ (SD)
Before
After

37.17 (0.33)
37.01 (0.37)

36.92 (0.35)
36.89 (0.32)

0.026
0.239

Table 2.  Physiological measurements.
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greater both during and before the needle procedure and during the entire 6-min exercise period. The calming 
effect of the deep breathing exercise and virtual natural environment was maintained throughout the training.

The immersive aid of VR is already used during needle procedures in child patients. The applied methods 
include distraction with VR solutions17–20 or exposure and learning with lifelike VR environments21. VR-
based exposure is used in adults as well to reduce needle procedure-related fear22. The level of VR-induced 
immersion affects the intensity of stress reduction and emotional arousal23. Immersion itself can reduce stress 
more compared to the traditional approach24. For example, VR-based mindfulness training seems more effective 
than conventional mindfulness training. This is possibly due to immersion25, which boosts positive affection26 
and enhances presence, motivation and experience of self-efficacy27.

Furthermore, a recent systematic review compared 50 VR-based studies targeting stress reduction and 
increased well-being. Overall, based on self-reported measures from 2885 participants, the VR appeared to be 
an effective and feasible mediator of stress reduction, with a low risk of adverse effects28.

As in this previously mentioned systematic review, the effect of the VR-mediated environments and solutions 
has mostly been measured by subjective reporting of fear, anxiety and stress. The challenge with the self-reported 
symptoms in child patients is that even when reporting pain with a simple 0–10 scale, children will most likely 
require visual aid not to under-report the level of distress29. Conceptually understanding what “anxiety” and 
“stress” are, children may struggle to identify and to address these psychological phenomena30. This poses a 
challenge for parents and health care personnel and creates a demand for an objective measurement.

Using HRV measurements is a promising method for achieving objective information about the intensity 
of stress and anxiety that child patients are experiencing. When comparing HRV to the other objective 
measurements, such as cortisol level in saliva, hair or urine, immune markers or changes in brain oxygenation, 
the benefits in terms of repeatability, cost-effectiveness and practicality are obvious31–33. Since commercial 
companies continually gather HRV data and HRV-based applications are already widely used by individual 
consumers, even a simple self-directed HRV analysis to detect stressors is possible.

In this study, the study patients tolerated the VR experience well without any reported adverse effects. The 
typical challenge among virtual reality applications is cyber sickness, which is a form of motion sickness that 
causes nausea, vertigo, disorientation, eye fatigue, and visual discomfort34,35. The exposure time and virtual 
reality-related adverse effects are directly proportional. Technological features that possibly produce these 
symptoms include high latency34, a low refresh rate, a low field of view, a high frame rate, and low resolution34,36. 
The need to invest in perfecting the technical details of the VR applications is crucial for ensuring convenience 
during the use of the application.

The findings of this study provide promising evidence for the novel potential of both deep breathing exercises 
and virtual natural environments in treating child patients. VR-mediated solutions can meet the well-grounded 
need for a low-threshold, easily accessible, approachable, and cost-effective treatment option in stress and 
anxiety management. Child patients are not only capable of technically conducting the breathing exercise, but 
the effect can also be seen explicitly in the HRV recordings.

Since this was a feasibility study, consideration must be given to the limitations of this setting. This was not 
a randomized controlled trial, and therefore, there is a risk for allocation bias. The sample size of this study 
was reasonably small. In future, user experience studies with larger sample sizes and controlled randomization 
are needed. This will provide us with a more thorough understanding of the possibilities, effects, and potential 
adverse effects of the virtual natural environments and the combined exercises. ‘

Given the feasibility and small sample size of this study, the study design and results enable generalisation of 
the concept both in research and in clinical practice. User feedback confirms that children in this age group can 
perform a guided deep-breathing exercise in a stressful situation. The setting can be repeated in various stress-
inducing circumstances, for example, in dental appointments or in the case of fear of flying. Even though the 

Total
N = 39

Deep breathing
(n = 19)

Control
(n = 20) p-value

Heart rate
Beats per minute (SD) 85.21 (25.14) 88.95 (14.76) 0.572

SDNN (ms)
Mdn (Q1;Q3) 60.20 (46.00;70.00) 51.75 (40.50;79.25) 0.546

RMSSD (ms)
Mdn (Q1;Q3) 48.20 (24.10;65.60) 48.70 (31.08;68.25) 0.757

Stress index
Mdn (Q1;Q3) 9.60 (7.20;12.10) 10.45 (8.23;14.45) 0.354

LFnu (%)
Mdn (Q1;Q3) 25.05 (14.09;50.51) 66.37 (41.15;80.45)  < 0.001

HFnu (%)
Mdn (Q1;Q3) 74.46 (46.51;80.10) 33.58 (19.53;58.71) 0.003

PNS
Mean (SD) − 0.83 (1.11) − 0.78 (1.24) 0.440

SNS
Mean (SD) 1.70 (1.61) 1.79 (1.52) 0.433

Table 4.  HRV parameters in a 60-s sample during the intervention. The sample ended 1 min before the 
procedure.
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study population was recruited in the hospital, most patients were generally healthy and represented the average 
subject in the age group.

The application will be perfected in the future. Fine adjustments are needed considering the virtual natural 
environment, such as the combination of the selected landscapes and sounds. The exercise, length, and detailed 
content can be further examined by comparing deep breathing training to other mindfulness-training modalities, 
such as guided relaxation training and plain inspection of a virtual natural landscape.

Despite its limitations, our study indicates that virtual reality-mediated guided relaxation training is a feasible 
nonpharmaceutical treatment option for stress and fear relief when treating child patients undergoing a needle 
procedure.

Data availability
The data of this study are available upon request from the corresponding author. The data are not publicly avail-
able due to privacy or ethical restrictions.
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