www.nature.com/scientificreports

scientific reports

W) Check for updates

OPEN Effects of virtual reality on chest
tube removal pain management
in patients undergoing coronary
artery bypass grafting:

a randomized clinical trial

Zahra Dalir®?, Fatemeh Seddighi®?, Habibollah Esmaily®?,
Mohammad Abbasi Tashnizi®? & Elahe Ramezanzade Tabriz®**

The pain associated with chest tube removal (CTR) is one of the significant complications of cardiac
surgery. The management of this pain is recognized as a vital component of nursing care. The
application of distraction techniques using virtual reality (VR) is an effective and straightforward
non-pharmacological approach to alleviate pain. This study aimed to determine the impact of VR
technology on the management of pain caused by CTR following coronary artery bypass grafting
(CABG). This randomized clinical trial was conducted on 70 patients undergoing CABG at Imam Reza
and Qaem hospitals in Mashhad, Iran, in 2020. The patients were randomly divided into two groups
of 35. For the intervention group, a 360-degree video was played using VR glasses 5 min before the
CTR procedure. The pain intensity was measured before, immediately after, and 15 min after CTR,
using the Visual Analogue Scale. Also, the Depression Anxiety and Stress Scale-21 (DASS-21), and
the Rhoten Fatigue Scale (RFS) were used to evaluate intervention and control groups before the CTR
procedure. The collected data was analyzed using statistical tests, such as Chi-square, independent
t-test, and Mann-Whitney test. The patients were homogeneous in terms of stress, anxiety, and
fatigue levels before CTR, and they did not show any significant differences (P>0.05). The average
pain intensity score of patients in the intervention group significantly decreased immediately

and 15 min after CTR, compared to the control group (P <0.001). Given the positive impact of VR
distraction on the severity of pain associated with CTR in patients undergoing CABG, this technique
can serve as an effective, accessible, and cost-efficient non-pharmacological approach for managing
pain in these patients.

Trial registration: This study was registered in the Iranian Registry of Clinical Trials (code:
IRCT20190708044147N1; approval date, 08/26/2019).

Abbreviations

CTR Chest tube removal

VR Virtual reality

CABG Coronary artery bypass grafting
CVD Cardiovascular disease

ICU Intensive care unit

RASS Richmond agitation-sedation scale
VAS Visual analogue scale

DASS-21  Depression anxiety and stress scale-21
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RFS Rhoten fatigue scale
SD Standard deviation
FNA Fine needle aspiration

Cardiovascular disease (CVD) is the most common chronic disease worldwide. Among various types of CVDs,
coronary artery disease has the highest incidence rate and is the leading cause of mortality associated with CVD'.
The global burden of disease (GBD) in 2019 reports that CVD is responsible for 18.5 million deaths worldwide,
accounting for approximately 31% of total deaths?. In Iran, the prevalence of this disease shows a rising trend,
and it is estimated to be the cause of nearly 50% of all deaths annually’. Coronary artery bypass grafting (CABG)
is an important surgical procedure, typically performed for patients with severe coronary artery stenosis, who
are unresponsive to other forms of treatment. Every year, hundreds of millions of people undergo CABG glob-
ally. In Iran alone, 25,000 open-heart surgeries are performed annually, with 50-60% of these procedures being
CABG-related*.

Patients undergoing CABG often experience significant postoperative pain and chest tube removal (CTR)
is the most painful procedure performed for patients following CABG®. This procedure often leads to anxiety
and discomfort, tension and worry, as well as physical changes, such as an increase in heart rate, blood pres-
sure, breathing rate, and muscle tone®”. Since the use of a chest tube, followed by its subsequent removal (CTR)
is a crucial medical procedure after CABG, management of the resulting pain, especially during removal, is of
utmost importance to minimize complications®. While there is substantial evidence supporting various methods
for postoperative pain management, ensuring adequate pain relief remains a significant challenge in the field of
nursing”'?. Patients are often dissatisfied with repeated injections and insufficient doses of ineffective analgesics
during the first three days following surgery'"'2

In the past few decades, pharmacological methods have been more commonly used to control the pain of CTR
13716 but recently, guidelines have deemed pharmacological methods alone as insufficient and have recommended
the incorporation of non-pharmacological methods'”. Non-pharmacological methods are often easily accepted
and well-received by patients. Additionally, they do not cause any undesirable complications or side effects that
are typically associated with pharmaceutical interventions'®. Therefore, numerous efforts have been undertaken
to employ non-pharmacological techniques, such as thermotherapy (heat and cold therapy), relaxation strategies,
breathing exercises, music therapy, and aromatherapy to alleviate the pain of CTR!*18-20,

Distraction techniques serve as highly effective non-pharmacological methods in diminishing the perception
of pain. When painkillers prove to be insufficiently effective and are accompanied by side effects, virtual reality
(VR) distraction emerges as a viable alternative for pain management. This method is not only effective, easy to
implement, and cost-efficient, but is also associated with minimal side effects?'. With its distinctive capabilities
in gaming, film, and simulation domains, VR effectively diverts one’s attention®. Through the use of VR glasses
and smartphones, this technology allows users to select and interact with 360-degree videos or images of real
environments that have been previously captured. This immersive experience offers users the advantage of alter-
ing their surroundings in a virtual setting®.

So far, VR has found a multitude of applications within the healthcare sector, including the treatment of
phobias and anxiety disorders, cognitive and physical rehabilitation, management of both acute and chronic
pain, and procedures, such as blood sampling, intravenous insertions, vaccinations, and burn treatments in
both children and adults. Additionally, VR provides support to cancer patients during painful procedures and
chemotherapy sessions and is utilized in the treatment of eating disorders and obesity, as well as in surgical
training®*-?8. The results of the studies have been different based on the population and the clinical intervention
of the study. However, the quality of the evidence is limited and statistically heterogeneous. Therefore, before the
development of virtual reality in the clinic, there is a need for more and higher quality studies. Since no study
was found on the intensity of pain caused by CTR in patients undergoing CABG using this technology, and
considering the advances in VR and non-pharmacological pain relief methods, including VR distraction, in this
study, we aimed to determine the impact of VR technology on pain management during CTR following CABG.

Methods

Participants

This randomized clinical trial, involving two groups, was carried out at Imam Reza and Qaem hospitals in
Mashhad, Iran, during 2020. The study population comprised all patients who were referred for CABG and met
the inclusion criteria for participation in this study. The patients (n="70) were selected among CABG patients
admitted to the intensive care unit (ICU) and post-ICU departments of cardiac surgery at Imam Reza and Qaem
hospitals.

The criteria for inclusion in the study were as follows: (1) being in the age range of 18-70 years; (2) under-
going CABG surgery and having a pericardial or mediastinal tube; (3) possessing sufficient vision and hearing
capabilities (ability to see images with or without glasses and hear sounds from a distance of at least half a meter);
(4) having sufficient alertness according to the Richmond Agitation-Sedation Scale (RASS) (score 0, indicating
that the patient is alert and calm) to determine the intensity of pain®; (5) having minimum reading and writ-
ing literacy; (6) being an Iranian; (6) not having conditions, such as delirium, dementia, or severe depression;
(7) not having received injectable pain medications within four hours prior to the CABG surgery; and (8) not
being connected to a ventilator. On the other hand, the criteria for exclusion from the study were as follows: (1)
changes in the patient’s hemodynamic status; (2) requiring medical or surgical interventions; and (3) the need
to use painkillers and sedatives while the procedure is being performed.
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Sample size

Since we found no studies similar to our research examining the impact of VR application on CTR pain man-
agement after CABG surgery, the sample size was determined based on the results of a pilot study. This pilot
study involved 10 participants in each group and utilized the mean comparison formula. The maximum value
derived from these computations was subsequently adopted as the sample size for this study. The sample size
formula is as follows:

2
(715 +21-5) (53 +82)
(1 — 12)?

n=

A sample size of 30 individuals per group was calculated at a confidence level of 99% and a test power of 90%.
To increase the level of certainty, an additional 15% was added to this estimate.

Randomization

In this study, patients were recruited using a non-probability convenience sampling method. The patients were
randomly allocated to the groups to mitigate the potential for information dissemination among the participants.
They were divided into two groups via block randomization with a block size of two. The patients were randomly
assigned to the intervention group (n=35) and the control group (n=35). The intervention group was exposed
to VR distraction using a VR headset, while the control group received routine care. In the block randomization
method, initially, 35 random numbers were selected between 0 and 9 from a table of random numbers. If the
selected number was even, “AB” was written in the list, and if it was odd, “BA” was written. Next, based on the
order of patients’ arrival, they were assigned to either group A (intervention) or group B (control)*. To prevent
the spread of information in the ICU and post-ICU departments of cardiac surgery, measures were taken to
ensure that the environment of the participants was separate from other patients during the intervention.

Scales of measurement and variables
In this study, the data collection tools included a demographic information questionnaire, the Visual Analogue
Scale (VAS), the Depression Anxiety and Stress Scale-21 (DASS-21), and the Rhoten Fatigue Scale (RFS).

Demographic information questionnaire

This questionnaire contained 16 questions related to the individual characteristics of the patients, including age,
sex, marital status, education level, height, weight, drug and tobacco use, sleep duration in the last 24 h, location,
size, and length of the chest tube, history of cardiac surgery, and history of chest tube placement.

Visual analogue scale (VAS)

This scale, as one of the most reliable and widely used pain measurement tools, was designed to measure pain
intensity in patients. It is a 10-cm scale, with 0 on the left indicating an absence of pain, and 10 on the right
denoting the highest level of pain one can conceive. A score of 1-3 indicates mild pain, 4-7 indicates moderate
pain, and 8-10 indicates severe pain. The validity and reliability of this scale have been confirmed in several
studies, including studies by Gift, Shaban et al., and Hassanzadeh et al.'*31%2,

Depression, anxiety and stress scale-21 (DASS-21)

In 1995, Lovibond and Lovibond developed a self-report questionnaire, known as DASS. The short version of
this scale consists of 21 items, with each item (score range, 0-21) representing a psychological construct. On this
scale, depression, anxiety, and stress are each assessed by a set of seven questions, and the questions are rated
on a four-point Likert scale (0: ‘Did not apply to me at all 1: ‘Applied to me to some degree’, 2: ‘Applied to me to
a considerable degree] and 3: ‘Applied to me very much’). Generally, DASS-21 is a short version of the primary
scale, with scores for stress and anxiety ranging from 0 to 21 in each category. The final score for each subscale
is doubled to ascertain the severity of the symptoms®**%. The reliability and validity of this questionnaire have
been confirmed by Asghari et al., who reported a reliability coefficient of 0.94°. In our study, the reliability of
this scale was also confirmed using the Cronbach’s alpha method (a=0.81).

Rhoten fatigue scale (RFS)

This scale, which was designed to measure the level of fatigue in patients, is easily understood by patients. It is a
10-cm scale, where 0 on the left side signifies no fatigue, and 10 on the right side represents the maximum level
of fatigue. A score of 1-3 on the scale signifies mild fatigue, a score of 4-7 represents moderate fatigue, and a
score of 8-10 indicates severe fatigue®®".

Interventions

After selecting the patients, the researcher explained the objectives of the research to the patients, and they were
asked to complete the demographic information questionnaire, as well as informed consent forms. Additionally,
depression, anxiety, and stress were assessed with the DASS-21 scale, and fatigue was evaluated with the RFS
for intervention and control groups before the CTR procedure. Pain management depends on the psychological
factors of patients such as anxiety, depression, and fatigue®®, and according to the necessity of homogeneity of
groups and determining the level of these factors, these variables were investigated in the control and interven-
tion groups. It is worth mentioning that the chest tube used for the intervention was the first tube that could be
removed according to the physician’s orders.
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In the intervention group, the VR distraction technique was implemented using the VR Shinecon G04BS
Virtual Reality Glasses manufactured by China. Initially, the patient was provided with a detailed explanation
about the method of intervention. Subsequently, a selection of five 360-degree videos, each featuring natural
landscapes with a minimum duration of 5 min, was presented to the patients to choose from. Once the patients
chose their preferred video, a smartphone was placed into the headset. The selected video was then prepared for
viewing through the VR application. Before wearing the headset, the pain intensity was measured and recorded
with the VAS.

Five minutes before the CTR procedure, the headset was placed on the patient’s head, and the video was
played. After the fifth minute, a nurse trained in an intensive care unit carried out CTR by the standard procedure
with the supervision of a CABG surgeon. Subsequently, the video playback was halted, and the VR glasses were
taken off from the patient’s eyes. The pain intensity was measured and recorded immediately and 15 min after
CTR. In the control group, routine care for CTR was performed. In routine care, the patient was encouraged to
perform the Valsalva maneuver (deep breathing and holding it until the CTR) to distract the patient and reduce
lung collapse. The intensity of pain was assessed in the control group during the same intervals as the interven-
tion group, using the aforementioned scales (Fig. 1).

Statistical analysis

Once the data was collected and the accuracy of data entry was confirmed, statistical analysis was conducted
using both descriptive and inferential methods in IBM SPSS Version 25. To characterize the participants in the
study, descriptive statistics were measured, including absolute and relative frequency distributions for qualita-
tive variables and mean and standard deviation (SD) calculations for quantitative variables. Subsequently, the
normality of the distribution of quantitative variables was determined by Shapiro-Wilk test.

The homogeneity of the two groups in terms of normally distributed quantitative variables was assessed
using the independent t-test. For non-normally distributed quantitative variables and ranked variables, the
Mann-Whitney test was employed. Moreover, to compare the three stages of analysis (before, immediately
after, and 15 min after the intervention) within each group, repeated measures ANOVA was used for normally
distributed variables, while Friedman’ test was employed for variables that were not normally distributed. For
within-group comparisons between the pre- and post-intervention stages, the paired t-test was performed for
normally distributed variables, while the Wilcoxon test was employed for variables that were not normally dis-
tributed. In all the tests, the confidence interval was set at 95%, and a P-value of less than 0.05 was considered
statistically significant.

(Eligible Enrollment (n = 70))

(Random Allocation (n = 70))

|

xcluded (n=0)
o Not meeting inclusion criteria (n = 0)
e Declined to participate (n = 0)
e Other reasons (n=0)

Allocated to intervention group (n = 35) Allocated to control group (n = 35)

~

77777777777 (‘Completion of DASS-21, RES,\
' and VAS before CTR r

Routine interventions (n = 35)
Excluded from routine intervention (n = 0)

VR distraction technique (n=35)
Excluded from VR distraction technique (n = 0)

Analyzed (n = 35)
Excluded from analysis (n = 0)

Figure 1. The CONSORT flow diagram of the study.

Analyzed (n = 35)
Excluded from analysis (n = 0)
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Ethics approval and consent to participate

The study was approved by the Ethics Committee of Mashhad University of Medical Sciences, Mash-
had, Iran (Code: IRMUMS.NURSE.REC.1398.027) and registered in the Iranian Registry of Clinical Trials
(IRCT20190708044147N1, 08/26/2019). The study protocol followed the Ethical Guidelines of the Declaration
of Helsinki. Prior to initiating the study, the objectives and methodology of the research were clearly explained
to both the officials and the research participants. Informed consent was obtained from the participants before
the study after assuring them about the safety of the interventions, the confidentiality of their information, and
their right to withdraw from the study at any time. The research units were monitored in all stages of the study,
and their well-being was ensured until the end of the study.

Results

In the present study, a total of 70 patients undergoing CABG, who met the inclusion criteria, were allocated to
the control (n=35) and intervention (n=35) groups. The demographic and clinical information of the patients is
presented in Table 1. The results of data analysis showed no significant difference between the two groups before
the intervention, and the groups were homogeneous (P>0.05) (Table 1).

Before the intervention, the participants reported moderate stress, severe anxiety, and moderate fatigue.
However, they were homogeneous in terms of stress, anxiety, and fatigue and did not show any significant dif-
ferences (P> 0.05) (Table 2).

Before CTR, the results of independent t-test did not show any significant difference between the pain inten-
sity scores of the patients in the two groups (P=0.156). However, the results of the Mann-Whitney test showed
that the difference in the pain intensity scores of the patients decreased by 1.5+ 1.3 in the intervention group
and increased by 0.3+ 1.3 in the control group immediately after CTR compared to the pre-intervention stage.
The test results showed this difference to be significant (P <0.001), and the effect size was found to be very large
(d=1.389). Also, 15 min after CTR, the difference in the pain intensity score reduced by 3.7+ 1.3 in the interven-
tion group and by 2.1+ 1.7 in the control group compared to the pre-intervention stage. The Mann-Whitney
test showed this difference to be significant (P <0.001), and the effect size was very large (d =1.089) (Table 3).

Statistical tests
Characteristics Control group (n=35) | Experimental group (n=35) | F/2 Z,t | df P
Age (years), mean (SD) 52.3+11.5 545+8.3 0.9* 68* 0.367*
Gender n (%)
Male 24 (68.6) 24 (68.6) 0.0+ 1% [0.001%*
Female 11(31.4) 11(31.4)
Body mass index, mean (SD) 26.3+3.6 26.9+3.7 0.6* 68* 0.541*
Drug addiction n (%)
Yes 8 (22.9) 5(14.3) 0.9+ | 0.356%*
No 27 (77.1) 30 (85.7)
Sleep duration before CRT (hour), mean (SD) 52+1.6 54+1.2 100 | - 0.310%%*
Chest tube insertion site
Mediastinal 8(22.9) 9(25.7) 0.1** 1 0.780**
Pericardium 27 (77.1) 26 (74.3)
Days of chest tube inserted (hour), n (%)
24 9(25.7) 7 (20.0) —0.8 |- 0.435%%+
48 22 (62.9) 22 (62.9)
72 4(11.4) 6(17.1)
Chest tube size (Fr), n (%)
24 5(14.3) 3(8.6) — 1.3 - 0.179***
26 10 (28.6) 7 (20.0)
28 15 (42.9) 17 (48.6)
29 5(14.3) 8 (22.9)
Chest tube length (cm), n (%)
14 9(25.7) 3(8.6) — 1.3~ 0.196%**
16 12 (34.3) 14 (40.0)
18 9(25.7) 13 (37.1)
20 5(14.3) 5(14.3)

Table 1. Sociodemographic and clinical characteristics of participants. *Independent t-test. **Chi-square test.
***Mann-Whitney.
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Statistical tests
Variable mean (SD) Control group (n=35) | Experimental group (n=35) |Z,t df P
Stress 13.3 (5.1) 14.2 (6.4) —03* |- 0.740*
Anxiety 19 (4.7) 19.6 (5.8) 0.5%* 68** 1 0.619**
Fatigue 4(1.8) 3.4(1.6) —1.4% | 68 |0.161**

Table 2. Comparison of stress, anxiety and fatigue intensity scores among groups before CTR. *Mann-
Whitney. **Independent t-test.

Statistical between groups tests

Pain intensity scores mean (SD) Control group (n=35) Experimental group (n=35) Z,t, %2 df P
Before CTR 5.7 (1.5) 6.2 (1.5) 1.4* 68* 0.156*
Immediately before CTR 5.9(1.6) 4.6 (1.4) —3.4%* - 0.001**
15 min after CTR 3.5(1.6) 2.5 (1.4) —3.0% - 0.003**
The difference before with immediately after CTR 0.3 (1.3) -1.5(1.3) —4.9%* - <0.001**
The difference between before and 15 min after CTR -2.1(1.7) -3.7(1.3) —3.9%* - <0.001**
The difference between immediately after and 15 min after CTR -2.4(1.1) —-2.2(1/0) —0.8%* - 0.414**

Flyp 62.3%+* 49.2%%*
Statistical within group test df 20 2%

P <0.001*** <0.001***

Table 3. Comparison of pain intensity scores among groups before and after CTR. *Independent t-test.
**Mann-Whitney. ***Friedman test.

Discussion

This study aimed to determine the impact of VR technology on pain management during CTR following CABG.
The comparison of intervention and control groups revealed that the pain intensity scores significantly decreased
immediately and 15 min after CTR in the intervention group, compared to the control group. This result indicates
that VR is effective in alleviating pain immediately after CTR. However, it should be noted that 15 min post-CTR,
a significant reduction in pain was observed in both groups; this suggests that the intensity of pain experienced by
patients can gradually diminish over time following CTR. In a study by Ozkan et al,, it was found that the use of
distraction through VR glasses had a significant effect on pain management during CTR in patients undergoing
thoracostomy with the diagnosis of pneumothorax without surgery. In this study, a notable decrease in pain was
observed following CTR in the intervention group®. Other studies, such as those conducted by Orhan et al.*,
Menekli et al.*! and Karaveli Cakir et al.*2, have also found that the use of VR is effective in managing patients’
pain; these findings align with the results of the current study**-*2. Conversely, in a study by Laghlam et al.’,
while the use of VR was well-tolerated by patients following cardiac surgery, it did not yield positive results in
managing the pain and anxiety associated with CTR when compared to an equimolar mixture of oxygen and
nitrous oxide (Kalinox) used on the second day after cardiac surgery. Laghlam et al. proposed that this differ-
ence could be due to the sedative or amnestic effects of Kalinox'; they also reported the rapid onset of action of
this combination, which was easy to use®.

In the present study, it was found that patients experience moderate to severe pain during CTR, suggesting an
increase compared to previous levels. Also, the pain intensity score decreased by 90% in the intervention group
immediately after CTR compared to the pre-intervention stage. In a study by Ford et al., it was reported that the
intensity of pain experienced by the burn dressing change group decreased by 60% when they watched a selected
VR movie?; this finding aligns with the results of the current study. Moreover, a systematic review on the role
of VR in pain management in inpatient settings showed that 67% of studies reported a significant reduction in
pain®®. In another study by Kodvavi et al., assessing the impact of VR on patient pain and anxiety during the
preoperative period, VR significantly diminished pain both during and after the procedure**.

In other studies that investigated the effectiveness of VR on pain relief, it was found that VR was significantly
effective in managing pain during burn physiotherapy and needle-related procedures. However, it did not yield
significant results for minor surgical procedures and burn wound treatments*. Also, using VR glasses for 10 min
during the episiotomy procedure reduced pain and increased the satisfaction of pregnant mothers*. The effective-
ness of distraction through VR as an accessible, cost-effective, and non-invasive technique for pain and anxiety
during fine needle aspiration (FNA), colonoscopy, and endoscopic surgery was also reported*"**’. Additionally,
the use of VR with D3 films has been found to significantly reduce the pain associated with dressing changes in
the VR group, compared to the control group*. Meanwhile, a study by Glennon et al.*’, comparing the effects of
distraction with VR and watching TV on the level of pain and anxiety in patients undergoing bone marrow biopsy
and aspiration, found no reduction in pain or anxiety in the VR group, whereas, in the control group watching
TV, there was a reduction in pain and anxiety. The visual and audio content was the same in both groups, and the
only difference between the groups was the use of headsets in the VR group. Glennon’s study results contradict
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our findings; a potential reason for this discrepancy could be the type of procedure performed on the patients.
It appears that the VR distraction technique does not alleviate pain associated with needle-related procedures,
such as lumbar puncture*>°,

Despite the clear differences in study type, population, implementation methods, hardware and software
equipment, and clinical scenarios across various studies, a significant decrease was observed in the patient’s pain
intensity scores in both the current study and other studies. Despite the mentioned differences in methods in
studies, the consistency in the results could be attributed to the mechanism of VR effectiveness. This technology
creates a form of distraction, shifting the patient’s focus away from the painful stimulus. As a result, it significantly
reduces the patient’s perception of pain®'. Generally, the findings of this study indicate that the use of VR, as a
novel distraction technique, can effectively reduce the patient’s perception of pain during the CTR procedure.
In terms of pain intensity, given that the control and intervention groups were homogeneous in all background
and confounding variables in this study, it can be inferred that the findings of this study are likely attributable to
the effects of the intervention. The effectiveness of VR can be elucidated through the lens of the cognitive theory
of emotion. This model posits that our perception of pain is structured psychologically and elicits an emotional
response. The degree of attention we pay to a harmful or painful stimulus serves as a gauge for our perception
of pain. According to this model, the attention capacity of the brain is limited, and the brain must focus on the
painful stimulus to perceive pain. Therefore, the perception of pain is limited when people’s attention is diverted
from the stimulus. This mechanism can result in a decrease in attention to pain by competing with the sensory
stimuli of pain, thereby leading to reduced sensitivity to pain. In the realm of VR technology, the patient’s atten-
tion is captivated by a simulated computer world. Given the brain’s limitations in processing information, this
technique triggers a flood of multi-sensory information to be processed simultaneously; this in turn diminishes
the patient’s focus on painful signals, thereby alleviating the sensation of pain®->*.

Limitations

First, the variations in pain perception and tolerance thresholds among individuals, as well as the unique psy-
chological differences of the research participants, may have influenced their responses. Second, the potential
for bias exists in this study due to the absence of blinding in the intervention. Finally, with the rapid advance-
ment of technology and the evolution of VR equipment, using more up-to-date and higher quality equipment
could potentially lead to a more effective reduction in pain levels. However, in this study, cost-effectiveness was
prioritized, leading to the use of readily available and less expensive equipment.

Implications for nursing practice

In accordance with the nursing standards, prioritizing patient comfort and pain relief is essential. Nurses,
equipped with an understanding of the pathophysiology of pain and its treatment methods, should strive to
manage the patients’ pain in line with the nursing process. The simultaneous use of simple, effective, and low-
cost non-pharmacological methods, such as VR, for pain management can reduce the occurrence of unwanted
physiological consequences of severe pain.

Conclusion

The application of VR distraction techniques can be effective in reducing the intensity of pain caused by CTR in
patients undergoing CABG. The findings of this study can improve the understanding of treatment and health-
care teams regarding the application of VR techniques. As a non-pharmacological and beneficial technique, VR
can be effectively used in managing pain associated with procedures, such as CTR, in patients following CABG.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author upon
reasonable request.
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