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ABSTRACT

Introduction and objectives: Percutaneous coronary interventions (PCI) of chronic total occlusions (CTO) are long procedures 
where many patients suffer moderate-to-high level anxiety and pain. Virtual reality (VR) has proven capable of reducing procedural 
pain and anxiety in many medical procedures. The objective of this study is to demonstrate that the use of VR during CTO PCI 
reduces anxiety and pain compared to conventional routine clinical practice. 
Methods: Randomized, controlled, open-label, superiority trial clinical trial with 2 parallel arms including 58 patients with a 
scheduled CTO PCI randomized on a 1:1 ratio to VR during the procedure or conventional management. In both arms, the 
administration of anxiolytic drugs will be left to the lead operator’s discretion and based on the degree of anxiety o pain perceived. 
The remaining actions for the management of pre- and perioperative anxiety will be identical in both arms. The primary endpoint 
will be the maximum level of anxiety perceived by the patient. Secondary endpoints will be the level of patient-perceived pain, 
the need for intraoperative anxiolytic drug therapy, dose of drug administered, and satisfaction with the VR goggles. 
Results: The results of this study will add significant knowledge on the utility of VR regarding anxiety reduction in CTO PCIs.
Conclusions: The ReViCTO trial is the first randomized clinical trial to use VR during a PCI CTO. Its results will show the utility 
of this technology to reduce anxiety and pain in PCIs performed on CTOs.
Trial design registered at ClinicalTrials.gov (Identifier: NCT05458999).
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Eficacia de la realidad virtual en la reducción de la ansiedad  
en la revascularización de las OTC: diseño del ensayo ReViCTO

RESUMEN

Introducción y objetivos: Las intervenciones coronarias percutáneas (ICP) sobre oclusiones totales crónicas (OTC) son procedi-
mientos largos en los que muchos pacientes sufren ansiedad y dolor. La realidad virtual ha demostrado reducir el dolor y la 
ansiedad en muchos procedimientos médicos. Nuestro objetivo es demostrar que el uso de la realidad virtual durante la ICP de 
OTC reduce la ansiedad y el dolor en comparación con la práctica convencional. 
Métodos: Ensayo clínico aleatorizado, controlado, abierto y de superioridad con 2 grupos paralelos en el que 58 pacientes con una 
ICP de OTC programada serán aleatorizados 1:1 al uso de realidad virtual frente al tratamiento convencional. La administración 
de fármacos ansiolíticos será a criterio del operador principal y en función del grado de ansiedad o dolor percibido. El resto de 
las acciones para el tratamiento de la ansiedad serán idénticas en ambos grupos. El objetivo primario será el nivel máximo de 
ansiedad percibido por el paciente. Los objetivos secundarios serán el nivel de dolor percibido por el paciente, la necesidad de 
tratamiento farmacológico ansiolítico, la dosis de fármaco administrada y la satisfacción con la realidad virtual. 
Resultados: Los resultados de este estudio añadirán conocimientos importantes sobre la utilidad de la realidad virtual en la 
reducción de la ansiedad en los procedimientos de ICP de OTC.
Conclusiones: El ensayo ReViCTO es el primer ensayo clínico aleatorizado que utiliza la realidad virtual durante la ICP en OTC. 
Sus resultados mostrarán la utilidad de esta tecnología para reducir la ansiedad y el dolor en esta intervención.
Diseño del ensayo registrado en ClinicalTrials.gov (identificador: NCT05458999).

Palabras clave: Oclusión total crónica. Realidad virtual. Ansiedad.
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INTRODUCTION

Chronic total coronary occlusions (CTO) are diagnosed in up to 15% 
of patients with coronary artery disease undergoing coronary angiog-
raphy.1 Percutaneous coronary interventions (PCI) of CTOs are one 
of the greatest challenges we face in interventional cardiology due to 
the complexity of these procedures and the increased risk of compli-
cations.2 Over the past few decades, advances in techniques and 
devices have made it possible to obtain better results while reducing 
the associated complications.3-5 Anxiety and pain during these proce-
dures are often treated with oral benzodiazepines plus opioids or IV 
benzodiazepines upon request during the procedure. The possibility 
of performing these procedures without anesthesia or sedation avoids 
the risks associated with these therapies. On the contrary, it submits 
the patient to pain and anxiety during the procedure. Several factors 
such as long procedures, patient immobility (especially in biradial 
access), and monotonous and hostile environments (operating rooms 
or cath labs) influence patient anxiety. Virtual reality (VR) has been 
successfully used in several clinical settings such as transcatheter 
aortic valve implantation6 or atrial fibrillation ablation7 to reduce 
intraoperative anxiety. There is no evidence on the use of VR 
reducing perioperative patient anxiety during PCI, specifically in 
CTO PCI. Compared to standard PCI, this procedure could benefit 
even further from VR due to its longer duration, use of double arterial 
access, and possibility of triggering ischemia and chest pain. 

The objective of this study is to determine whether the use of a VR 
system in PCIs on CTOs decreases the level of anxiety and pain 
during CTO procedures compared to conventional management.

METHODS

Overall study design

The Decreasing patient anxiety during revascularization of chronic 
total coronary occlusions using virtual reality glasses (ReViCTO) 
trial (ClinicalTrials.gov Identifier: NCT05458999) was designed as 
a randomized, controlled, open-label, superiority clinical trial with 
2 parallel arms (procedural use of VR goggles vs conventional 
management) with a primary endpoint of maximum level of anxiety 
perceived by the patient measured through the visual analogue 
scale of anxiety (VASA).

The study will be conducted in full compliance with the principles set 
forth in the Declaration of Helsinki (1996) and the International 
Conference on Harmonization Good Clinical Practice Guideline. The 
study protocol was approved by the Clinical Research Ethics Committee 
(CREC) of Hospital Clínico Universitario de Valencia, Spain. All 
patients signed an informed consent form. The study is registered at 
clinicaltrials.gov (NCT05458999). The World Health Organization 
minimum standard list of items for clinical trials are listed in table 1 
of the supplementary data. This protocol follows the SPIRIT 2013 
Statement: Defining Standard Protocol Items for Clinical Trials.8

Study setting and eligibility criteria 

The trial will be conducted at Hospital Clínico Universitario de 
Valencia, Spain, a reference teaching hospital on interventional 

cardiology that treats nearly 800 000 patients both from rural and 
metropolitan areas. Since this is a preliminary study it is designed 
as a single-center trial. All procedures will be performed by a team 
of 2 interventional cardiologists experienced in CTO revasculariza-
tion. Patient enrolment started back in December 2021. On Dec. 
25th 2022, 25 patients had already been enrolled in the study (43% 
of the target population). Patients with visual impairment, dementia, 
language barriers or any situations that would prevent the use of 
VR glasses will be excluded. Inclusion and exclusion criteria are 
listed in table 1. All patients must meet all the inclusion criteria 
and none of the exclusion criteria. 

Assignment of interventions

Each patient will be randomized on a 1:1 ratio to the intervention 
(use of VR goggles during the CTO procedure) or the control arm 
(routine clinical practice). Given the small sample size estimated, 
permuted block randomization was used to guarantee an equal 
number of participants per arm.9 Random sequence was computer 
generated using blocks with a size unknown to the investigators until 
the end of recruitment. Patient enrolment and arm assignment will 
be performed by the investigators. Allocation concealment will be 
ensured using a web application that assigns a unique identification 
number and the assigned arm once the patient has been recruited 
for the trial. This system prevents changes to the identification 
number or arm deleting patients after randomization. Because of the 
nature of the trial no masking or blinding will be applied at any level. 

Participant timeline

Since there is no follow-up, this study has a very simple timeline. 
Upon arrival to the cath lab, all patients scheduled for elective CTO 
PCI will be screened and checked to see if they meet all the 
inclusion criteria and none of the exclusion criteria. If they don’t 
meet these criteria, they will be considered a screening failure and 
will not participate in the study. If all criteria are met by the 
patients, the investigators will need to obtain their written informed 
consent right before patients arrive at the cath lab. The functioning 

Abbreviations

CTO: chronic total coronary occlusion. PCI: percutaneous coronary intervention. VAS: visual analogue scale. VASA: visual analogue 
scale of anxiety. VASP: visual analogue scale of pain. VR: virtual reality.

Table 1. Inclusion and exclusion criteria

Inclusion criteria

Age > 18 years

Elective percutaneous coronary intervention on chronic total coronary occlusion

Physical and mental ability to wear virtual reality glasses

Exclusion criteria

Unable to or unwilling to give informed consent

Visual impairment

Dementia

Language barrier (unable to communicate fluently in Spanish or English)

Any other situations that would prevent the use of virtual reality glasses
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of the trial will be explained orally and reading of the informed 
consent will be offered allowing enough time, if necessary. Patients 
will be randomized to wear VR goggles or to the control arm. During 
the PCI, all measures regarding anxiety will be applied regardless 
of the allocation arm. Also, all drug therapies administered will be 
registered by the study nurse. After the procedure, the patient’s 
perceived anxiety and pain will be assessed by the study nurse, this 
being the end of the trial for the patient (figure 1).

Data collection

Demographics, the past medical history, preoperative (indication 
for revascularization, blood tests, left ventricular ejection frac-
tion…), and perioperative variables [arterial access, radiation dose, 
maximum level of anxiety (VASA), and visual analogue scale of pain 
(VASP) perceived by the patient measured through visual analogue 
scale, nausea, and dizziness during the procedure] will be collected 
(table 2 of the supplementary data). 

Clinical variables will be collected from the local and regional 
electronic clinical data system and asked directly to the patient 
when lacking. Blood test results will be collected from the local 
laboratory system using the last available determination. Echocar-
diographic and magnetic resonance imaging data will be collected 
from the local electronic clinical data system. The Seattle Angina 
Questionnaire, VASA, VASP, the presence of nausea or dizziness, 
overall satisfaction with the procedure, and overall satisfaction will 

be assessed by the study nurse and included in a dedicated form 
(table 3 of the supplementary data). All these data will be trans-
ferred to a dedicated database in 1 single local computer. This 
database is designed with range check for numerical variables to 
prevent erroneous data entry. Also, the database will check for 
duplicates when entering the hospital identification number. All 
data will be stored in a database kept in a dedicated computer with 
no Internet connection to avoid unwanted leaks or stole informa-
tion. The investigators will have access to this database only. 

Trial intervention

Eligible patients will be randomized to the intervention (VR goggles) 
or the control arm (routine clinical practice).

Virtual reality goggles

A commercial Oculus Quest 2 VR goggle system (Meta Platforms, 
Inc., United States) will be used. The viewing consisted of using the 
capabilities of the VR goggles to recreate a 2D playback that simu-
lates the size of a large-format movie screen. Using Netflix video 
streaming system (Netflix Inc. United States), the documentary 
series “Our Planet” [Silverback Films, United Kingdom]10 will be 
played for all patients starting with chapter 1, and sequentially and 
automatically playing the following chapters. Before the procedure, 
the patient will be informed on the VR goggle system-based opera-
tion, possible side effects (nausea or dizziness), and the possibility 
to remove it at any time. Before the arterial puncture, the VR goggle 
system will be put on and checked for proper functioning. It will 
be removed before removing arterial introducers, when the patient 
wishes to do so or if serious complications occur. During the proce-
dure, the patient’s general condition will be checked every 30 min. 

The system will be prepared following these steps: 1) drawing the 
security perimeter with the controller; 2) starting the Netflix appli-
cation; 3) selecting the “Void Theater” option; 4) searching for the 
documentary series “Our Planet” and playing the first episode; 5) 
adjusting the screen size with the controller; 6) selecting travel 
mode; 7) putting the VR goggles on the patient (figure 2); 8) asking 
the patient if he can watch and hear correctly. If not, the VR goggles 
should be repositioned. 

Control arm

The comparator chosen is the current clinical practice with no VR 
goggles. A possible comparator using a VR goggle with no content 
was discarded because of the high chances of claustrophobia or 
mental discomfort.

Both arms will receive drugs upon request to reduce perceived pain 
and anxiety. In both arms, anxiolytic drugs (morphine chloride or 
midazolam at 1 mg boluses) will be administered by the circulating 
nurse if the patient explicitly expresses the need for such treatment 
or if external signs of anxiety or pain (agitation, complaints...) are 
observed. The last decision on treatment administration will be left 
to the lead operator. The remaining actions for the management of 
pre- and perioperative anxiety will be identical in both arms. Preop-
erative anxiolytic treatment was not routinely administered to all 
patients, only upon the patient’s request.

Endpoints

The primary endpoint will be to assess changes to the maximum 
level of anxiety perceived by the patient during the procedure. 

Figure 1. Central illustration. Trial flowchart. 

Chronic total coronary occlusion PCI

N = 29 N = 29
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Secondary endpoints will be to assess a) changes to the maximum 
level of pain perceived by the patient during the procedure; b) 
differences in the need for intraoperative anxiolytic drug therapy 
or doses of anxiolytic drugs (midazolam or morphine chloride) 
administered during the procedure; and c) the overall satisfaction 
experienced with the VR goggles.

Both the primary (anxiety) and secondary endpoints of pain will be 
measured through the VASA11 and pain (VASP)12 that go from 1 to 
10. Both VASA and VASP will be collected by a specialized nurse 
right after the end of the procedure before leaving the room through 
a specific survey on the maximum level of anxiety or pain perceived 
during the procedure (table 3 of the supplementary data). 

The VAS will be used to quantify the patients’ responses objec-
tively. The VAS eliminates the examiner influence or bias that often 
comes with verbal questioning and is a more appealing method of 
evaluation for participants. Although this method is not perfect, it 
remains a common way to assess anxiety and pain.13,14 The patient 
will also be asked if he’d like VR to be used in other similar 
settings. Total doses of benzodiazepines (midazolam) or opioids 
(morphine) administered during the procedure will be registered in 
total milligrams. 

Sample size estimate

The sample size was estimated based on the primary endpoint. In 
former studies that assessed anxiety during catheterization the 
standard deviation of VASA was 2.715,16 (σ). VASA > 2 (μ1 – μ2) 
was descriptive of clinically significant differences. To detect differ-
ences ≥ 2 in VASA assuming a normal distribution, alpha and beta 
risks of 0.05 (α) and 0.2 (β) in bilateral contrast in a sample size of 
58 patients (29 in each arm) were estimated.

Statistical analysis

Quantitative variables will be expressed as mean ± standard devi-
ation when they follow a normal distribution and as median [inter-
quartile range] if they don’t. Qualitative ones will be expressed as 
percentages (absolute value). Fisher’s exact test or the chi-square 
test will be used to compare qualitative variables. Also, the Student 
t test or the Mann-Whitney U test will be used if quantitative 
variables don’t follow a normal distribution. 

The primary endpoint (VASA), VASP, and dosage of drugs will be 
compared in both arms using the Student t test. The use or non-use 
of drugs during the procedure, the presence or absence of dizziness 
or nausea will be compared using Fisher’s exact test or the 
chi-square test. Subgroup analyses will be performed based on sex, 
age, and previous experience with new technologies. 

All statistical tests will be bilateral and considered significant if 
P < .05. Statistical analyses will be performed with R Core Team 
(2020) statistical software package (R Foundation for Statistical 
Computing, Austria).

DISCUSSION

CTOs are present in up to 20% of the patients with coronary artery 
disease. These numbers increase parallel to age (up to 40% in 
diabetics or patients with heart failure).17,18 In the past, most of 
these patients were referred for revascularization surgery due to 
poorly successful PCIs in this kind of lesions. Over the past few 
decades, several advances have been made regarding devices and 
technical materials, organization, and concentration of complex 
procedures in reference centers. Also, increased operator experi-
ence has led to a high success rate of 90%, and a very low rate of 
severe complications19,20 with the corresponding increase in the 
number indications for PCI CTO. 

Although PCIs are a common and relatively low risk procedure, 
many patients undergoing these treatments experience anxiety (up 
to 37% in some populations).21-23 Anxiety involves feelings of fear, 
tension or panic or the prospect that something unpleasant is about 
to happen. State anxiety may be more clinically relevant for patients 
undergoing PCI because it is transient in nature and amenable to 
clinical procedures. Patients undergoing PCI have multiple sources 
of anxiety including their own concerns. These concerns can 
include fear of discomfort, uncertainty, and fear associated with 
survival that can be more distressing than chest pain itself.24 

PCI CTO creates more anxiety for the patients compared to other 
interventional procedures for several reasons. In the first place, 
double access with high-calibre sheaths is frequently used, even 
biradial. Repeated access punctures with consequently an increased 
pain and limited patient mobility contributes to more discomfort 
and higher anxiety levels. Secondly, the duration of the procedure 
is long, and can be up to 3 to 4 hours or more in some special 
scenarios. Being exposed to immobility in a monotone and hostile 
scenario for such a long time is a reasonable cause for anxiety. 
Thirdly, cath labs are often strange environments for the patient 
with machinery and equipment that may be frightening for him at 
first. Furthermore, discussion with the treating team, the use of 
terms unfamiliar to the patient or the existence of beeps and alarms 
can make the patient think that something bad might happen to 
him, thus increasing the levels of anxiety. Fourthly, patients under-
going elective PCI CTO usually undergo, at best, at least, 1 invasive 
coronary angiography, and commonly up to several coronary inter-
ventions including failed CTO revascularization attempts. Previous 
procedures could be remembered as painful or stressful and antic-
ipation anxiety could appear. Stress and anxiety associated with 

Figure 2. Real patient wearing virtual reality goggles during a chronic total 
coronary occlusion revascularization procedure using double radial artery 
access. 
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needle-related procedures may lead to needle phobia,25 which could 
also contribute to a high level of anxiety. Fifthly, chest pain is an 
important factor of procedural anxiety during CTO PCI, and it 
occurs in a large number of patients. For example, with retrograde 
approaches, the flow of collateral branches on which the CTO-re-
lated myocardial territory is completely dependent is interrupted 
due to their occupation by the guidewire or microcatheter, thus 
causing ischemia and pain). Therefore, there is a potential high 
anxiety level in patients undergoing CTO PCI that depends on 
multiple factors and mechanisms that feed from one another. 

At the end of the 20th century, it was noted that both behavioral 
and pharmaceutical interventions should be used to manage pain 
during medical procedures.26 Distraction techniques may be effec-
tive reducing the patients’ pain during various invasive procedures 
because pain involves both physical stimuli and emotional 
responses. Studies have shown that various distraction techniques 
like music, massage, breathing exercises, and behavioral therapy 
can effectively reduce the feeling of pain and stress symptoms 
during painful procedures.27,28

VR is a computer-generated simulation of the physical world that 
allows people to experience it in a realistic way. VR goggles achieve 
visual and auditory semi-isolation that, together with the images 
projected, evade the patient while act on environmental and 
emotional factors of anxiety. VR has proven superior to other 
distraction methods such as television, listening to music or playing 
games.29,30 VR has been used to relieve anxiety and pain in patients 
undergoing several kinds of procedures as needle-related interven-
tions,31 burn wound debridement,32,33 physical therapy,34 dental 
procedures,35 colonoscopy,36 minor surgical procedures,37 nasal 
endoscopy38 or chemotherapy.39 A total of 4 randomized clinical 
trials have been conducted to study the level of anxiety experienced 
by adults undergoing different medical procedures like hysteros-
copy,40 labor,41 and colonoscopy.42 The studies used various 
measurement tools such as the VAS scale from 0 to 10, the 5-point 
Likert scale 0-5, and the State-Trait Anxiety Inventor. 

Experiences with VR in interventional cardiology during procedures 
are scarce. Back In 2020, Bruno et al.6 used a randomized clinical 
trial to prove the that the use of a VR-based system was safe and 
feasible during TAVI and that VAS score was reduced by 3 points 
with the use of VR without impacting nausea or vomiting. Almost 
all patients said they would use this technology in a similar setting. 
It is remarkable that this study population was an old population 
(mean age, 83 years) without previous experience with VR and 
limited experience with new technologies. This shows that even in 
a population not used to new technologies that could be expected 
to reject or not tolerate VR goggles, its use was tolerated and 
effective. Moreover, this study found that it was important not only 
that patients accepted the new technology, but also that interven-
tional cardiologists approved it. At first, their reaction went from 
full support to slight rejection. Those who hesitated to use this new 
approach thought that their interaction with the patient during the 
procedure might be limited. However, over time, when they saw 
that this was not the case, acceptance increased. Similarly, Roxburgh 
et al.7 tested the utility of VR in patients undergoing atrial fibrilla-
tion ablation in an observational study of 48 patients. They showed 
that VR reduced perceived pain during the procedure and that VR 
can be easily incorporated into the standard procedure workflow. 
As far as we know, no studies have ever been conducted on the 
use of VR during PCI CTO.

Most studies on VR technology have been observational and not 
standardized, which complicates comparing results and drawing 
solid conclusions. Additionally, currently, no guidelines or 
consensus have ever been published on how to incorporate VR 
technology to cardiac procedures.43 To address these challenges, an 

expert taskforce from the international scientific community may 
be useful to identify evidence gaps, set priorities, standardize 
research protocols, and create guidelines to implement VR tech-
nology in heart procedures. 

Limitations

Some limitations should be taken in account in this clinical trial. 
First, the open-label nature of the trial could lead to bias favorable 
to the RV group due to the lack of blinding and potential for 
patients and investigators to influence the outcomes. The entire 
staff will be warned on this possible bias and advised to prevent it 
before each procedure. Second, some uncontrolled confounding 
factors may play a role in the differences seen in the administration 
of drug therapy between RV and the control groups. We will try 
to prevent or, at least, mitigate this treatment only if the patient 
explicitly wishes to do so or if outward signs of anxiety or pain are 
observed. Third, the results of this trial should be interpreted and 
applied with caution to other scenarios due to the single-center 
nature of this trial. Fourth, the primary and secondary endpoints 
of anxiolytic treatment needed could be closely correlated. Our 
objective is to determine whether the use of VR goggles decreases 
anxiety. However, it could happen that both groups have similar 
levels of anxiety and a greater need for anxiolytic treatment (which 
is a surrogate of increased anxiety, on the one hand, that could also 
expose patients to a higher risk of adverse effects, on the other). 
The choice of the primary and secondary endpoints of anxiety and 
need for anxiolytic treatment allows us to explore this possibility. 
Finally, the drug therapy of anxiety was not protocolized but left 
to the operator’s discretion.

CONCLUSIONS

The ReViCTO trial is the first randomized clinical trial ever designed 
to evaluate the use of VR during CTO PCI. Results will show the 
utility of this technology reducing anxiety and pain in PCI CTO. 
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