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Results: The guideline comprises 17 XR-specific (composed of 18 subitems) and 14 generic reporting items, each with a
complementary Explanation & Elaboration section.

Conclusions: The items encompass critical aspects of XR research, from clinical utility and safety to human factors and ethics.
By offering a comprehensive checklist for reporting, the RATE-XR guideline facilitates robust assessment and replication of
early-stage clinical XR studies. It underscores the need for transparency, patient-centeredness, and balanced evaluation of the
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Figure 1. Comparison of development pathways for drug therapies, surgical innovation, artificial intelligence, and extended reality in health care. The
colored lines represent reporting guidelines, some of which are study design–specific (SPIRIT or CONSORT and SPIRIT or CONSORT-AI); others
are stage-specific (IDEAL and RATE-XR). Depending on the context, more than one study design can be appropriate for each stage. CONSORT:
Consolidated Standards of Reporting Trials; RATE-XR: reporting for the early-phase clinical evaluation of applications using extended reality; SPIRIT:
Standard Protocol Items: Recommendations for Interventional Trials.

Early-stage clinical evaluation of XR interventions must
prioritize clinical utility, safety, and human factors 8
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Transparency of Health Research) network. Informed consent
was obtained from all members of the Steering Committee, all
participants of the Delphi rounds, and all members of the
evaluation committee.

Generation of the Initial Item List
An initial list of 61 candidate items (with subitems) was
composed by 2 authors (JV and MEvG) and was based on (1)
scientific reports on trials examining XR-based studies in health
care [24-27], (2) recently published innovative technology
guidelines [13,28], (3) methodological and evaluative challenges
concerning the application of XR in health care [14,16], (4) a
Cochrane Systematic Review on the clinical use of XR [29],
and (5) institutional documents [30-32]. Hereafter, the candidate
item list was commented on by the Steering Group members
(Steering Group Round).

Expert Recruitment
Experts were recruited using five distinct approaches: (1)
invitations to experts that were endorsed by the Steering Group
members, (2) invitations to authors of publications identified
through the preliminary literature search, (3) a call for
contributions published within a medical journal [33], (4)
consideration of 
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(91%) completed the questionnaire. The participants included
13 Steering Group members, 38 identified from Steering Group
recommendations, 13 from proactive contacts or
correspondence, and 29 through snowballing. In total, 112
experts were invited to participate in the second Delphi round,
of which 96 (86%) responded. In total, 82 of these experts also
participated in the first Delphi round (continuity rate: 88%).
Collectively, the participating experts represented 14 countries,
and all stakeholders were represented (Supplementary Note 1
and Tables S5-S8 in Multimedia Appendix 1).

The first Delphi round yielded over 17,300 words of
unstructured text to the open-ended inquiries, along with 6603
item scores, 256 item comments, and 97 newly proposed items.
Thematic analysis identified 146 themes, of which 88 were
covered in existing items, 22 were integrated into or added to
the provisory Explanation & Elaboration note, 28 were used to
amend existing items, 2 were selected as new items, and 6 were
dropped as they were determined to be outside of the reporting
guideline scope. Eventually, 5 items remained unchanged, 27
items were amended or rephrased, 36 items were merged or
split into 14 items, 3 items were dropped, and 5 items were
added (Figures S1 and S2 in Multimedia Appendix 1). The 3
items that were dropped were related to production costs of the
XR module and were dropped due to low consensus in the

scoring exercise and congruent comments that these items were
out of scope. The revised item list eventually comprised 51
Delphi items in 45 reporting items, subdivided into 22
XR-specific and 23 general reporting items. The second Delphi
round yielded 4896 item scores and 372 comments.

Consensus Meeting
In total, 32 items received endorsement for integration into the
RATE-XR guideline during the consensus meetings—17 items
specific to XR and 14 encompassing general reporting. A
summary of the Consensus Meetings votes is presented in Table
S9 in Multimedia Appendix 1.

Qualitative Evaluation
A total of 95 comments were provided. Subsequently, wording
of 7 items was refined in the checklist, and of 9 items, there
were modifications in their corresponding Explanation &
Elaboration section in Multimedia Appendix 1. The evolutionary
trajectory of the item list is presented in Figures S1 and S2 in
Multimedia Appendix 1.

Final Reporting Item Checklist
Table 2 presents the RATE-XR checklist and consists of 17
XR-specific reporting items (composed of 18 subitems) and 14
generic reporting items, selected by the Consensus Group.
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Table 2. RATE-XR (reporting for the early-phase clinical evaluation of applications using extended reality) checklist.

Recommendation

Item

numberaTheme

Title and abstract

1Title • Identify the study as an early clinical evaluation, or a similar term, of an application using XRb,
or a more specific term, in the title, including its intended aim.

IAbstract • Provide a (structured) summary of the study.
• Consider including the following:

• A concise description of the clinical problem or knowledge gap and the rationale for using
an application using XR

• A concise description of the study methods, including a short description of the application
including its name, study population, study setting, main outcomes, and assessment methods.

• A concise description of the results, including safety and harm outcomes
• A short conclusion
• If applicable, details about the registration of the study in a publicly available database.

Introduction

2Clinical problem and existing
evidence

• Introduce the clinical problem for which the application using XR was used, including its rele-
vance and a description of (the 
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Recommendation

Item

numberaTheme

• Provide a detailed description of how primary and secondary outcomes were analyzed, including
any prespecified comparisons or stratifications.

VIIIAnalysis

• Describe changes to the methods or protocol, including procedures, study outcomes, eligibility
criteria, and analysis plan, after study commencement, with reasons, and, if applicable, report
whether the study registration was updated.

IXProtocol alterations

Results

• Describe the time frame of recruitment and follow-up and the participant flow, including the
number of patients screened and included, receiving the intervention, and being included in each
analysis. Report if, and why, the study was prematurely terminated. The use of a flow diagram
is highly recommended.

XParticipant flow and recruit-
ment

• Describe, or add a table depicting, baseline and treatment-related characteristics. If applicable,
describe and specify any concurrent measures.

XIBaseline data

• Report on all prespecified outcomes that are available. Consider using tables, figures, or graphs
to illustrate results.

XIIMain results

• Include information about the usage of the application, such as duration, frequency, number of
sessions, error 
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Discussion

Reporting Item Checklist
The RATE-XR guideline serves as a checklist for reporting
studies that focus on the early-phase evaluation of clinical
applications using immersive technologies, regardless of the
chosen study design (Figure 1). Depending on the specific study
design selected, authors may also find it contributing to
complement their reporting with guidelines tailored to that study
type, such as the CONSORT guideline for randomized trials or
the STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) guideline for 
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was agreed that cybersickness and safety should be mandatory
reporting items, while other XR-specific outcomes should be
considered optional, acknowledging the difficulty in fully
addressing all these outcomes in every manuscript. This
approach allows researchers the flexibility to focus on the most
relevant outcomes for their specific studies.

Third, intensive debates centered around the level of detail
necessary when describing XR application hardware, software,
and development processes in the RATE-XR guideline. While
some argued for comprehensive and mandatory disclosure,
others championed flexibility. Ultimately, agreement was
reached to consolidate these aspects into a single section in the
guideline, with the Explanation & Elaboration note providing
guidance on what to include and how to effectively report them.

Fourth, the need for items on randomization in the current
guideline was discussed. Participants felt that most early-phase
evaluations are seldom randomized and acknowledged that if
a study has a randomized design, adhering to established
guidelines such as CONSORT would be more appropriate than
duplicating information in the RATE-XR guideline. It was
agreed that the guideline should not delve into 
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