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Abstract 

Background Aortic aneurysms, a significant cause of mortality, particularly in individuals aged 55 years and older, 
have witnessed a transformative shift in treatment strategies with the advent of endovascular surgery. Cydar-EV 
is an innovative image fusion technology that can augment preoperative planning and surgical guidance of endo-
vascular aneurysm repair (EVAR). The ARIA trial aims to evaluate the efficacy of using Cydar-EV with EVAR procedures 
to reduce operating time while enhancing procedural precision, patient outcomes, and cost-effectiveness. This paper 
describes the statistical analysis plan for the study.

Methods/design The ARIA trial, a phase III, multi-centre, open-label, two-armed, parallel groups randomised 
controlled surgical trial, seeks to recruit 340 patients diagnosed with abdominal or thoraco-abdominal aortic aneu-
rysms. Participants are randomly assigned to receive either standard endovascular repair or an endovascular repair 
assisted by Cydar-EV for planning and surgical guidance. Primary and secondary outcomes are assessed at baseline, 
4–12 weeks, and 52 weeks. The primary outcome measure is procedure duration at baseline, while additional second-
ary outcomes are recorded at various time points and include indicators for technical effectiveness, patient outcomes, 
procedure efficiency, and cost-effectiveness. We plan to analyse the patient outcome data according to the treatment 
they received regardless of initial allocation. The statistical analysis plan outlines methods for handling missing data, 
covariates for adjusted analyses, and planned sensitivity analyses to ensure robust evaluation of treatment effects.

Trial registration The trial was registered with the ISRCTN register on 03/12/2021, number ISRCTN13832085.
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Background
Aortic aneurysm, the second most prevalent condition 
affecting the aorta after atherosclerosis, stands as the 
fifteenth leading cause of death among individuals aged 
55 years and older and nineteenth overall. The advent of 
endovascular surgery marks a significant shift towards 
minimally invasive procedures. Endovascular aneurysm 
repair (EVAR) has rapidly gained precedence over open 
aortic surgery, driven by perceived advantages in patient 
survival, reduced postoperative complications, and 
shorter hospital stays [1].

The pre-operative planning of EVAR surgery involves 
the use of computed tomography (CT) scans to recon-
struct 3D images for assessing access and determin-
ing the optimal type, configuration, and sizing of the 
implantable medical device. During surgery, a 2D X-ray 
fluoroscopy, coupled with the injection of nephrotoxic 
contrast material, is employed to visualise blood vessels 
and guide the procedure. However, device positioning 
errors may still occur resulting in variability in patient 
outcomes which in many cases necessitates secondary 
interventions [2]. In addition, imprecise positioning can 
lead to serious and even fatal complications raising con-
cerns about cost-effectiveness [3, 4].

Previous solutions to enhance visualisation during 
EVAR have included manually aligned, operating table-
tracked 3D-2D image overlay. This technology, available 
in from GE, Siemens, and Philips, can be deemed too 
costly as it necessitates design, installation, and mainte-
nance of a hybrid operating room. A survey across 10 US 
centres revealed that although equipped with 3D overlay 
capabilities, clinicians refrained from its use due to dis-
ruptions in clinical workflow and clinically significant 
image positioning errors [5]. In contrast, Cydar-EV image 
fusion, a CE-marked medical device, employs computer 
vision to automatically and in real-time fuse pre-proce-
dural 3D images with intra-operative 2D fluoroscopy. 
Unlike other methods, Cydar-EV provides surgeons 
with real-time fully integrated 3D visualisation through-
out the EVAR procedure. The computer vision, a form 
of artificial intelligence utilising NHS digital-approved, 
GDPR-compliant high-performance cloud computing, 
relies solely on existing patient data without introducing 
new imaging. Importantly, it seamlessly integrates into 
existing clinical workflows, requires no user interaction, 
involves no additional ionising radiation or iodinated 
contrast, and is compatible with both fixed and mobile 
X-ray systems.

The ‘ARIA’ (ARtificially Intelligent image fusion system 
versus standard treatment to guide endovascular Aortic 
aneurysm repair) trial is a multi-centre randomised con-
trolled trial designed to compare the operation time of 
patients undergoing EVAR. The study aims to determine 

whether the implementation of Cydar-EV during EVAR 
offers superiority over the current standard procedure, 
without Cydar-EV, in terms of achieving a shorter opera-
tion time, reduced costs, and enhanced procedural effi-
ciency, while maintaining equally effective technical 
outcomes and positive patient results. Here we outline 
the statistical analysis plan intended for generating the 
main results of the ARIA trial. This plan has been final-
ised while the data collection is still ongoing.

Study design
The ARIA trial protocol has been published previously 
[6]. In brief, ARIA is a multi-centre, open label, two-
armed, parallel groups randomised controlled surgical 
trial comparing Cydar-EV to conventional surgical proce-
dure. Patients are recruited from 10 sites across the UK. 
After obtaining written informed consent and confirming 
eligibility, participants undergoing endovascular aortic 
aneurysm repair are being randomly assigned to proce-
dures with or without Cydar-EV for planning and surgi-
cal guidance.

Randomisation method
The randomisation, performed at the patient level, fol-
lows a 1:1 ratio and utilises minimisation methods. The 
King’s Clinical Trials Unit (KCTU) at King’s College 
London manages the randomisation process through a 
web-based bespoke randomisation system. Minimisation 
factors include surgeon, procedure urgency (emergency 
or elective), and procedure type (simple or complex)—a 
simple procedure involves the repair of infra-renal aneu-
rysm ± internal iliac embolisation, while a complex pro-
cedure encompasses all other types of AAA and TAAA 
repair to include branched and fenestrated devices.

Intervention description
Patients will undergo endovascular aneurysm repair that 
is pre-operatively planned and intra-operatively guided 
by Cydar-EV, which provides tools to:

• Import and visualise CT data
• Segment and annotate vascular anatomy from CT 

data
• Place and edit virtual guidewires and measure lengths 

on them
• Make measurements of anatomical structures on pla-

nar sections of the CT data
• Produce an operative plan from measurements and 

segmentation of preoperative vessel anatomy
• Overlay planning information such as preoperative 

vessel anatomy onto live fluoroscopic images, aligned 
based on the position of anatomical features present 
in both
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• Non-rigidly transform the visualisation of anatomy 
when intra-operative vessel deformation is observed

• Post-operatively review data relating to procedures 
where the system was used

Comparator description
Patients will undergo endovascular aneurysm repair 
using standard planning technology and X-ray fluoros-
copy imaging during the procedure.

Primary outcome definition
The primary efficacy parameter for the study is procedure 
duration for endovascular repair, measured at baseline 
surgery. This duration is defined as the time in minutes 

from the insertion of the first wire, initiated after percu-
taneous access is achieved (if applicable), at the start of 
the endovascular procedure to the last frame of the com-
pletion angiogram.

Secondary outcomes definitions
The main secondary outcome measures are outlined in 
Table  1, with additional outcomes detailed in Appen-
dix 1. These outcomes include assessments of procedure 
efficiency, technical success, length of admission and 
hospital stay, and other patient outcomes.

Main hypothesis
For individuals diagnosed with abdominal or 
thoraco-abdominal aortic aneurysm (AAA/TAAA), 

Table 1 Secondary outcomes

Outcome Description

Procedural efficiency
Anaesthetic duration The time between the beginning of induction and the end of emergence. This will be documented 

at the time of the procedure by the local research team in minutes

X-ray dose per procedure Fluoroscopy time (FT) (seconds), dose area product (DAP) (Gy·cm2), and cumulative air kerma (CAK) (mGy) 
should be recorded and documented at the time of the procedure by the local research team. The imaging 
system used should also be recorded

Contrast dose per procedure The volume (ml) and concentration (mgI/ml) of the iodinated contrast material used should be recorded 
by the local research team at the time of the procedure in minutes

Consumable use in the operating theatre Name of device, unit and quantity used, blood products used; details to be completed by nurse in the oper-
ating theatre or research nurse at the time of the procedure using a Source Data Worksheet

Technical success
Seal zone Proximal and distal seal zone at least 10 mm and no evidence of endoleak. This will be documented 

by the imaging CoreLab team on review of the CT images acquired post-operatively and at 4–12 weeks 
and at 52 weeks

Patient outcomes
Length of ITU/HDU admission Date and time from admission to date and time of discharge from ITU/HDU; documented by the local 

research team during the time of admission; ITU and HDU admissions should be documented separately

Postoperative length of hospital stay Date of procedure to date of discharge from hospital (nights); documented by the local research team dur-
ing the time of admission

30-day mortality Death of the participant within 30 days of the primary procedure; documented by the local research team; 
to include date of death (dd/mm/yy) and cause

Re-intervention Any procedure open surgical or endovascular undertaken within 1 year of the primary endovascular aortic 
aneurysm repair procedure (binary outcome). The type, timing, and number of procedures should also be 
recorded by the local research team

Adverse events Hospitalisation for any reason within 1 year of the primary endovascular aortic aneurysm repair; the type 
of event should be documented and classified as one of the following: musculoskeletal, urological, 
neurological, ophthalmological, cardiovascular, gastro-intestinal, hepato-pancreato-biliary, dermatological, 
or other by the local research team, with information captured to understand if linked to re-intervention. 
For each hospitalisation, the following should also be captured:
i. Day case, elective, non-elective
ii. Length of hospital stay—date of admission to date of discharge (nights)
iii. Length of ITU/HDU admission (if applicable)—date and time from admission to date and time of dis-
charge from ITU/HDU; ITU and HDU admissions should be documented separately

Quality of life Differences in quality of life between intervention and the comparator group, and changes in quality of life 
post-surgery will be measured using data from the patient-completed EQ-5D-3L instrument [1]. EQ-5D-3L 
is a validated measure of health-related quality of life, consisting of a five-dimension health status clas-
sification system and a separate visual analogue scale. EQ-5D-3L data will be obtained through face-to-face 
or telephone interview with the participant at baseline, pre-discharge, 4–12 weeks, and at 12-month follow-
up. Patients will complete the questionnaires with the support of the local research team
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incorporating Cydar-EV in the planning and surgical 
guidance during endovascular repair is associated with 
a reduction in procedure time when compared to the 
standard surgical treatment without Cydar-EV.

Secondary hypotheses
Performing endovascular repair with Cydar-EV 
reduces costs and improves procedural efficiency, 
technical effectiveness, and patient outcomes, com-
pared to standard procedures conducted without 
Cydar-EV.

Sample size
The sample size for the study is 340 participants. This 
number of participants is required to detect a difference 
in procedure time of 22.5  min between the two arms 
with 90% power and a two-sided significance level of 5%, 
assuming a t-test for ratio of means 1.2 (fold change), 
with a lognormal distribution for the calculations. This 
sample size allows for a 7.5% attrition rate.

Trial duration
The trial duration per participant is 52  weeks from 
baseline treatment to the last visit. Evaluation occurs 
pre-discharge, followed by two subsequent follow-up 
visits at weeks 4–12 and week 52. Table 2 outlines the 
scheduled events for each participant from screening 
to the final visit.

General considerations
Analysis populations
All valid assessments from every randomised patient 
will be included or excluded in the analysis populations 
defined below:

 i. Per-protocol population (PP).

 The majority of the analyses, including those for the pri-
mary and secondary endpoints, will be conducted 
based on the PP population. This population con-
sists of all subjects who adhered to the trial proto-
col, by undergoing endovascular treatment accord-
ing to the initial allocation. The PP population will 
include participants with partial data as well as 
any patients who have withdrawn from the trial 
provided they have consented for the continued 
use of their data. Any subject who did not receive 
the treatment randomly allocated to them will be 
excluded.

 ii. Safety population.
 The safety population includes all individuals from the 

PP population, without excluding those who may 
have received a different treatment than originally 
assigned. This population will be used to report 
summary statistics on non-serious adverse events 
(NSAEs) and serious adverse events (SAEs), with 
results presented according to the treatment actu-
ally received rather than the treatment assigned at 
randomisation.

 iii. Intention-to-treat population (ITT).

Table 2 Schedule of events

a If more than 28 days since last EQ-5D-3L

Time point Screening Randomisation Pre-surgery Surgery Pre-discharge Week 4–12 Week 52 Ongoing

Registration form and consent X
Check inclusion criteria (if CT image suit-
able for CYDAR)

X

Full medical history and baseline demo-
graphics (smoking, ethnicity, routine 
bloods)

X

EQ-5D-3L X Xa X X X
Intra-operative data X
ITU/HDU admission record X
Hospital admission record X
Post-operative CT aorta assessment X X
30-day mortality X X X
Re-intervention record X
Adverse event log X
Status X
Withdrawal X
Concomitant treatment X
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 The ITT population includes all participants who 
were randomised into the trial, analysed accord-
ing to their originally assigned group regardless of 
whether they completed the treatment as planned, 
switched treatments, or dropped out. This analysis 
method preserves the benefits of randomisation 
by reflecting real-world conditions where perfect 
adherence to treatment is not always possible. In 
this trial, ITT analysis will be conducted as a sen-
sitivity analysis for the primary outcome, specifi-
cally to assess the impact of treatment switches 
or misallocations. The ITT approach will provide 
a conservative perspective on the effectiveness of 
Cydar-EV, offering valuable insights into how the 
treatment performs in less controlled, everyday 
settings.

Levels of confidence and P values
We will employ two-sided statistical tests and provide 
estimates of treatment effect with 95% confidence inter-
vals. Significance will be assessed at the 5% level.

Correction for multiplicity
Only one primary outcome will be evaluated in this trial, 
while all other outcomes are considered hypothesis-gen-
erating. As a result, we have used the specified level of 
confidence as an acceptable risk of type I error.

Protocol violations and exclusions from the study
Any deviations from the protocol and exclusions, along 
with reasons for such exclusions, will be documented 
for each trial arm. Additionally, we will conduct an ITT 
analysis of the primary outcome to explore the possible 
impact of such violations.

Unit of analysis
The unit of analysis is the patient.

Unadjusted and adjusted analyses
For each outcome variable, we will provide unadjusted 
and adjusted estimates. The primary analysis will be the 
covariate-adjusted analysis, which incorporates the ran-
domisation (minimisation) factors, as outlined earlier.

Missing data
Non-response will be reported wherever present. The 
proportion of participants with missing data for each 
outcome will be summarised for each arm and at each 
time point. The main analysis for the primary outcome 
will utilise data at surgery (i.e. baseline stage). In the 
event of missingness in such data, a worst-case best-case 
sensitivity analysis will be performed (as described later). 

All findings will be presented in adherence to the most 
recent CONSORT statement guidelines.

Interim analyses and stopping rules
In this study, the treatment is given at baseline and it is 
not possible to subsequently stop treatment for a given 
participant. Therefore, there will be no planned for-
mal interim analyses of the primary and secondary out-
comes. The DMC will examine the recruitment rate, data 
completeness and monitor safety, and will recommend 
whether the study should continue, stop, be suspended, 
or be modified, based on their findings. If necessary for 
urgent safety reasons the sponsor may stop or pause the 
trial immediately, without DMC review.

Start of data analysis
The main analysis will begin once the final randomised 
patient has completed the first follow-up visit (week 
4–12). The results will be published in an open-source 
peer-reviewed medical journal and will include proce-
dure time and secondary outcome data available up to 
that point. A subsequent analysis will be conducted and 
published after all participants have reached the 52-week 
follow-up, and the data has been cleaned and locked. 
This analysis will include the remaining outcomes and a 
comprehensive safety evaluation.

Proposed analyses
Trial profile
The study’s recruitment, randomisation, and follow-up 
will be summarised for each arm in a CONSORT flow 
diagram. This visual representation will include the num-
ber of screened participants, the count of consenting and 
eligible patients, and, within each treatment arm, the 
breakdown of compliant and non-compliant participants 
(assessed by whether a patient received the randomised 
treatment or not). Additionally, it will include figures for 
those continuing through the trial, withdrawals at each 
time point, and individuals lost to follow-up at each visit. 
Furthermore, the diagram will highlight the numbers 
excluded and those included in the final analysis.

Baseline
The baseline characteristics will include patient demo-
graphics, randomisation (minimisation) stratifiers, medi-
cal history, intraoperative processes, and other baseline 
clinical measures. This will allow an assessment of 
whether there is clinically important imbalance in any 
variables.

Baseline characteristics of each group will be sum-
marised as mean and standard deviation for continuous 
variables with median and interquartile range for highly 
skewed data, and count and percentage for categorical 
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variables. These summaries will be based on complete 
data only and the number of missing observations will be 
reported. No significance testing will be performed.

Primary outcome
Anticipating a potentially skewed distribution in the pri-
mary outcome (procedure time), normalisation will be 
considered if necessary and feasible, utilising an appro-
priate transformation. Linear regression techniques will 
then be applied for the analysis of procedure duration. 
This analysis will include stratification (minimisation) 
factors as covariates. If a suitable transformation cannot 
be identified, quantile regression will be employed. This 
approach allows for the incorporation of stratification 
factors as covariates while accommodating the unique 
characteristics of the data distribution.

Secondary outcomes
Secondary outcomes, including those defined in Appen-
dix  1, will be analysed using the appropriate regression 
methods for the type of data. Continuous measures 
will be analysed as for the primary outcome (described 
above), whereas binary outcomes will be compared 
between arms using logistic regression adjusting for 
stratification factors. Results from all secondary analy-
ses will be presented as adjusted differences in means (or 
median) or odds ratios, as appropriate, with confidence 
intervals. Such analyses will be treated as exploratory.

Safety evaluation
We will summarise adverse events (AE), serious adverse 
events (SAE), and important medical events (IME) as 
counts and percentages for each trial arm. Furthermore, 
we will provide a summary of event types, intensity, and 
their relationship to the study intervention.

Analysis of missing data
We will assess potential bias due to missing data by con-
ducting a descriptive comparison of the baseline char-
acteristics between trial participants with complete 
measurements for the primary outcome and those with 
incomplete or no outcome data. Additionally, we will 
provide a summary of the reasons for withdrawal and 
non-compliance to the allocated treatment. For fur-
ther insights into treatment compliance, we will under-
take a descriptive comparison of baseline characteristics 
between patients who adhere to their treatment alloca-
tion and those who do not.

Sensitivity analyses
First, we will perform analyses that account for variables 
associated with missing data. Utilising logistic regres-
sion analyses with the presence or absence of missing 

data as the outcome, we aim to identify predictors of 
missingness. If these predictors are linked to both miss-
ing data and the primary outcome, we will then refit the 
primary analysis model by incorporating these predic-
tors. Second, a worst-case and best-case scenario analy-
sis will be executed. This involves imputing missing data 
in the treatment arm (Cydar-EV group) with the longest 
observed operation time from the overall sample, while 
replacing missing data in the control arm with the short-
est observed operation time, and vice versa. Moreover, 
we will explore the option of conducting analyses using 
the ‘intention-to-treat’ principle, providing an additional 
perspective on the impact of treatment allocation on the 
outcomes.

Health economic analyses
As outlined in the trial protocol, health economic analy-
ses will be conducted [6]. The specifics of such analyses 
are detailed in a separate document.

Trial status
The statistical analysis plan is based on the published pro-
tocol (version 1.3, 24.05.2023) [6]. Recruitment started in 
May 2022 and is now finalised. The collection of follow-
up data will be completed in May 2025.

Appendix 1. Additional analyses

• Image analysis—analysis of technical outcome

CT image data acquired pre-operatively and at the two 
post-operative intervals will be uploaded to the system 
for analysis. All image data will be reviewed indepen-
dently by two experienced clinicians blinded to the image 
guidance method used during endovascular aortic repair. 
Anatomical measurements will be performed with cen-
tral luminal line reconstructions using dedicated soft-
ware. Measurements will include aneurysm size, aortic 
neck (diameter, length, α and β angulation), iliac diameter 
and stenosis, distance from the lowermost renal artery to 
the beginning of the covered part of the endograft, the 
length of the proximal sealing zone, length of the distal 
sealing zone, and detection of endoleak. Technical suc-
cess will be defined as proximal and distal seal zone at 
least 10 mm with no evidence of endoleak [1].

• System efficiency

A key link between the primary outcome measure 
(procedure time) and the cost-effectiveness of the inter-
vention is measured in terms of improvements in the 
planning and utilisation of operating theatre resources. 
The average procedure time in England for a standard 



Page 7 of 8Wafa et al. Trials          (2025) 26:143  

EVAR procedure is 110  min. Assuming operating thea-
tre capacity of 420 min (7 h) daily, it would currently be 
possible to complete three EVAR procedures daily with 
an allowance for turn-around time. Assuming a similar 
reduction in procedure time as was observed in the Duke 
University study (18%), with Cydar-EV it would be pos-
sible to complete four procedures daily with the same 
capacity, an increase of 33%. The HRG EVAR tariff can be 
used as a proxy for the value to the NHS of the additional 
procedure. Because Cydar-EV is also expected to reduce 
variability in procedure times, there should also be a 
reduction in the number of cancelled operations because 
of over-runs, and more predictability in waiting list plan-
ning and bed occupancy.

We will explore the implications of improvements in 
system efficiency by comparing the distributions of pro-
cedure times for Cydar-EV and standard fluoroscopy 
and assessing these against current capacity constraints 
(e.g. operating theatre capacity, turn-around times). We 
will also assess the potential implications of any ‘learn-
ing curve’ effects in the procedure times for Cydar-EV. 
We will use these analyses to develop a series of sce-
narios which capture the potential impact on Cydar-EV 
on improving the planning and utilisation of operating 
resources in terms of costs and potential health conse-
quences. The impact of these scenarios on the overall 
cost-effectiveness of Cydar-EV will be assessed using sen-
sitivity analysis.

• Value of information

Decisions based on 12-month follow-up (and the 
exploratory model based analysis) for Cydar-EV will be 
subject to uncertainty and there will always be a chance 
that the wrong decision could be made. If the wrong 
decision is made, there will be costs in terms of health 
benefit and resources forgone. The maximum amount 
the NHS should be willing to invest to further reduce 
remaining uncertainty in the decision can be informed by 
the expected value of perfect information (EVPI). EVPI 
evaluates the expected cost of current decision uncer-
tainty, based on results from the ARIA trial, by account-
ing for both the probability that a decision based on 
existing evidence is wrong and for the magnitude of the 
consequences of making the wrong decision.

The EVPI estimates will be used to assess the potential 
value of further research and to inform future research 
priorities. EVPI also represents the maximum amount 
that a decision-maker should be willing to pay for addi-
tional evidence to inform this decision in the future. 
EVPI provides an upper bound on the value of additional 
research. This valuation provides an initial hurdle, acting 
as a necessary requirement for determining the potential 

efficiency of further primary research. Applying this deci-
sion rule, additional research should only be considered if 
the EVPI exceeds the expected cost of the research.
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