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Abstract

Background: Advanced imaging techniques play a pivotal role in oncology. A large
variety of computed tomography (CT) scanners, scan protocols, and acquisition
techniques have led to a wide range in image quality and radiation exposure. This
study aims at implementing verifiable oncological imaging by quality assurance and
optimization (i-Violin) through harmonizing image quality and radiation dose across
Europe.
Methods: The 2-year multicenter implementation study outlined here will focus on
CT imaging of lung, stomach, and colorectal cancer and include imaging for four
radiological indications: diagnosis, radiation therapy planning, staging, and follow-up.
Therefore, 480 anonymized CT data sets of patients will be collected by the associated
university hospitals and uploaded to a repository. Radiologists will determine
key abdominopelvic structures for image quality assessment by consensus and
subsequently adapt a previously developed lung CT tool for the objective evaluation of
image quality. The quality metrics will be evaluated for their correlation with perceived
image quality and the standardized optimization strategy will be disseminated across
Europe.
Results: The results of the outlined study will be used to obtain European reference
data, to build teaching programs for the developed tools, and to create a culture of
optimization in oncological CT imaging.
Conclusion: The study protocol and rationale for i-Violin, a European approach for
standardization and harmonization of image quality and optimization of CT procedures
in oncological imaging, is presented. Future results will be disseminated across all EU
member states, and i-Violin is thus expected to have a sustained impact on CT imaging
for cancer patients across Europe.
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Background

Advanced image techniques play a pivotal
role in oncology and are fundamental for
thediagnosis of tumordiseasesbutalso for
treatment planning, staging, and follow-
up. Different imaging modalities might
be needed, of which computed tomogra-
phy (CT) scanning is very common [1–4].
Following this, cancer patients are likely
repeatedly exposed to radiationduring the
course of their disease. This issue is espe-
ciallypressingforyoungoncologicpatients
requiringextended follow-upperiods after
successful treatment. A widely practiced
principle tominimizeexposure in thesepa-
tients is to acquire images at a radiation
dose that is as low as reasonably achiev-
able (ALARA principle; [5]). However, prior
research has shown that the subjective,
unstandardized image quality assessment
(“reasonable”) has led to substantial dif-
ferences across Europe in terms of the ac-
quisition parameters influencing radiation
dose during imaging studies [6–11].

This can be mostly attributed to the
heavy reliance of image quality assess-
ments upon broad subjective metrics such
as “overall image quality” and only few
objective measurements such as attenu-
ation and signal-to-noise ratios. Despite
the existence of more sophisticated ob-
jective image quality parameters such as
modulated transfer functions and noise
power spectra, these are mostly limited to
in vitro phantom experiments due to the
technical intricacies of the placement of
respective regions of interest and complex
interactions with iterative reconstruction
algorithms [12].1

1 Abbreviations: ESR, European Society of
Radiology; EFRS, European Federationof Radio-
grapher Societies; EFOMP, European Federation
ofOrganisationsForMedicalPhysics;EIBIR,Euro-
pean Institute forBiomedical ImagingResearch;
EUCLID, European study on clinical diagnostic
reference levels for x-ray medical imaging;
EURAMED, rocc-n-roll European Medical Ap-
plication and Radiation Protection Concept;
i-Violin, Implementing verifiable oncological
imagingbyquality assurance andoptimization;
MEDIRAD, Recommendations on Implications
of Medical LowDose Radiation Exposure; PERT,
Program evaluation and review technique;
SAMIRA, Strategic Agenda for Medical Ionizing
Radiation Application; SGQS, Steering Group

Additionally, most available tools either
asses image quality alone or evaluate ra-
diation dose alone, thereby not offering
a meaningful approach for optimization
of imaging using ionizing radiation. The
few currently available software solutions,
which allow for an integrated approach
(e.g., Qaelum DOSE, SECTRA DoseTrack),
document radiation dose on a per-patient
and per-scan level and enable simultane-
ous subjective image quality assessment
using Likert scales. However, subjective
image quality criteria have only limited
reproducibility, and most software solu-
tions have not been cross-validated yet.
Thus, the absence of validated tools for (in
vivo) image quality assessment and dose
evaluation remains a major hurdle on the
path to optimization of oncological imag-
ing approaches in clinical practice.

The MEDIRAD (Recommendations on
Implications of Medical Low Dose Radia-
tion Exposure) project developed a tool for
radiation dose tracking and simultaneous
automated objective in vivo image quality
assessment for chest CT [13]. The tool is
capable of automatically computing mod-
ulation transfer functions and noise power
spectra of pre-determined clinically rele-
vant regions of interest from invivo images
[14]. Thus, it represents a first step toward
bridging the gap between reproducible
objective image quality assessment and
routine clinical images. However, despite
successful development of this tool, it is
still in need of a platform for broad dis-
semination and has to be adapted for de-
termining meaningful image quality pa-
rameters directly from the body regions
of the abdomen and pelvis.

Therefore, the outlined study will aim
to adapt the previously developed tools
for quantifiable image quality and dose
determination in oncological imaging pro-
cedures, to implement and validate them
in the hospitals involved in the project,
and finally to disseminate the tools and re-
sulting optimized procedures to interested
hospitals and healthcare providers in Eu-
rope. Thus, the overall aim can be summa-

on Quality and Safety of medical applications
of nuclear and radiation technology; SINFONIA,
Radiation risk appraisal for detrimental effects
frommedical exposure duringmanagement of
patientswith lymphomaorbrain tumour.

rized as the implementation of verifiable
oncological imaging by quality assurance
and optimization (i-Violin).

Materials and methods

Study design

The 2-year multicenter implementation
study throughout Europe is planned to
focus on adult CT imaging of lung cancer,
stomach cancer, and colorectal cancer and
to include imaging for four indications,
i.e., diagnosis, radiation therapy planning,
staging, and follow-up. The selection of
the three cancer types was based on both
the frequency of CT examinations and
the frequency of cancers in Europe [15,
16]. i-Violin will use the tools, reports,
and recommendations from the Euro-
pean Commission Horizon 2020 research
projects MEDIRAD and SINFONIA (Radia-
tion Risk Appraisal for Detrimental Effects
from Medical Exposure During Manage-
ment of Patients with Lymphoma or Brain
Tumour), the Horizon 2020 Coordination
and Support Action EURAMED rocc-n-roll
(European Medical Application and Radi-
ation Protection Concept), as well as the
EUCLID (European Study on Clinical Diag-
nostic Reference Levels for X-ray Medical
Imaging) project. Unlike the MEDIRAD
project, image quality assessment and
corresponding dose evaluation will pri-
marily be done for the body regions of
the abdomen and pelvis instead of the
chest.

In addition, the national competent au-
thority inour consortiumwill facilitateout-
reach to experts and authorities for feed-
back and foster the further implementa-
tion beyond the i-Violin partners and into
national legislation, recommendations, or
guidelines. There is a dedicated link to
the steering group of the SAMIRA (Strate-
gic Agenda for Medical Ionizing Radiation
Application) action plan of the European
commission, which will regularly evaluate
the project progress.

Study population

The study consortium consists of a multi-
disciplinary teamwithin ten sites and com-
plementaryexpertise coming fromnineEU
member states.
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Table 1 Work packages for i-Violin
Work
package

Title Lead Objective

WP 1 Project management and dissemination EIBIR Coordination, management and administration, liaison to the SAMIRA
action plan and SGQS

WP 2 Dissemination and communication OvGU Dissemination, communicationof i-Violin tools as well as education and
training programs across EUmember states

WP 3 Impact evaluation UCD Project evaluation in terms of implementationsworks

WP 4 Adaption of existing image quality tools and dose
evaluation for CT imaging in cancer patients

OvGU Adjusts the existing image quality and dose evaluation tools for the
selected regions of the abdomen and pelvis and validates the tools

WP 5 Clinical database evaluation and implementation UMC
Mainz

Provides the required database infrastructure and collects the required
images from the participating clinical sites

WP 6 Optimizationof oncological CT protocols for se-
lected clinical indications

KUL Analysis of the images collected in WP 5 for optimization processes and
development of optimized CT protocols

WP 7 Education and training on image quality evalua-
tion tools and corresponding optimization

IPC Development of education and training programs for radiologists,
radiographers and medical physicists

For abbreviations, see text

It includes the following five univer-
sity hospitals: Otto von Guericke-Univer-
sität Magdeburg (OvGU), Germany; Uni-
versitätsmedizin Mainz (UMC Mainz), Ger-
many; Klinicka Bolnica Dubrava Zagreb
(KBDZ),Croatia; ClinicalRadiology Institute
Ljubljana (UMCL), Slovenica; and the Uni-
versity Hospital of the Katholieke Univer-
siteit Leuven (KUL), Belgium. In addition,
the project is further supported by the uni-
versities Panepistimio Kritis (UoC), Greece,
University College Dublin (UCD), Ireland,
and the Coimbra Health School, Instituto
Politecnico de Coimbra (IPC), Portugal, as
well as the national regulator Säteilytur-
vakeskus (STUK), Finland, and the coordi-
nator EIBIR, a European research manage-
mentorganization focusedon thebiomed-
ical imaging field.

Project milestones

To achieve the goals of the project, a total
of seven work packages with specific ob-
jectives and respective leading partner in-
stitutions were defined (. Table 1). These
workpackagesare strongly interlinkedand
build upon each other, as displayed in
. Fig. 1.

Sample size calculation

Atotalof480de-identifiedandanonymized
CT scans of patients with lung, stomach,
and colorectal cancer will be retrospec-
tively identified by the university hospitals
in the consortium and uploaded to the
repository. Inclusion criteria are the con-

firmed presence of lung, colon, or stomach
cancer. For lung cancer, all CT scans for
diagnosis, radiation therapy planning,
staging, and follow-up are included, while
for stomach and colorectal cancer, only
examinations for staging and follow-up
will be included.

i-Violinwill onlydealwith fully anonym-
ized patient data, to avoid any ethical is-
sues. However, each participating clinical
site will inform their ethical review board.
Ethics approvals will be obtained from the
appropriate bodies prior to starting i-Vi-
olin image collection activities according
to the requirements of the respective in-
stitutions.

Image analysis

During the conduction of the study, ra-
diologists at each center will be asked to
select one or two structures in the ab-
dominal and pelvic region to characterize
the overall quality of the CT scan based
on clinical needs and taking into account
lessons learned from theMEDIRADproject.
Consensus between sites will be reached
on the basis of the DELPHI method [17].
These agreed-upon structures will then be
used to adapt the MEDIRAD algorithm for
abdominal and pelvic imaging.

Subsequently, 30 image studies with
varying acquisition parameters and there-
fore varying image quality levels will be
selected from the original dataset of 480
studies and will be evaluated by the same
radiologists to judge whether the chosen
structures indeed represent different im-

age quality in the images. This subjective
ratingwill beaccompaniedbyapplyingthe
adapted MEDIRAD tool for image quality.
Ratings of both the subjective rating and
the results of the software tool will then be
correlated to evaluate their performance
and agreement on images that are con-
sensually perceived to be of good and bad
image quality.

After internal validation, the tool will
then be trained to retrieve the body region
as well as the indication for imaging (diag-
nostic, therapy planning, staging, follow-
up) from the CT study protocol and will be
applied for the evaluation of image quality
of all 480 image studies in the repository.

For optimization of the oncological CT
procedures, it is required to determine not
only the necessary and achieved image
quality but also the corresponding dose
distributions. i-Violin will use commer-
cially available patient dose calculation
tools such as DOSE (Qaelum), Radimetrics,
or Sectra and then compare the output
for chest imaging with the CTRAD soft-
ware developed in MEDIRAD to validate
the commercially available software tools
and to quantify deviations. This will again
be done for the different imaging indi-
cations. For the body regions of the ab-
domenandpelvis, wewill usetheoutputof
the commercial dose evaluation tool, but
taking into account the uncertainties as
derived from the comparison with CTRAD
for chest CT.
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Fig. 19 Program evalua-
tion and review technique
(PERT) chart of thedifferent
work packages of the i-Vi-
olin project including links
between them

Monitoring

i-Violin has a specific work package dedi-
cated to impact evaluation under the lead
of University College Dublin. It will evalu-
ate the implementation of the optimiza-
tion tools, the optimization, the harmo-
nization, and the standardization of pro-
cedures throughout Europe over the time
of the project and estimate the impact of
the project from the implementation of
the tools in hospitals. In addition, it will
include the analysis of the factors influenc-
ing implementation and the contribution
of the i-Violin project to EU policy objec-
tives (in particular Europe’s Beating Cancer
Plan and SAMIRA; [18, 19]).

The status of their achievement is dis-
cussed during the monthly management
board meetings and a strategy for reme-
dial action is agreed in the case of delays
or deviations.

Results

As of April 2023 there were no prelim-
inary results for i-Violin. The expected
results include a consensus decision of
relevant abdominopelvic structures to be
used for applying the quality assessment
tool from MEDIRAD and the image quality
and dose distributions of the 480 CT scans
under investigation. Based on these re-
sults, proposals for the optimization and
harmonization of CT scan protocols will
be developed and implemented. The as-

sessment tools and scan protocols will be
disseminated across Europe, and teach-
ing courses to ensure a correct usage will
be held. This should lead to a culture of
optimization in oncological imaging from
which all patients could benefit.

Discussion

This study protocol outlines the method-
ology for the i-Violin study, a European
multicenter study with a goal to harmo-
nize and standardize CT imaging practices
for cancer patients across Europe in order
to ensure that radiation dose and image
quality are verifiable and well balanced
and there is equal access to high-qual-
ity healthcare. It represents a concerted
effort to evaluate oncological imaging in
Europe taking into account the high de-
gree of multidisciplinarity that is needed
to reconcile interests from cancer patients,
hospitals/cancer centers and their health
professionals, national regulators, profes-
sional societies at European and national
levels, and industry.

A concrete and recent example of this
concerted effort needed to confidently
evaluate new technical developments by
industry partners in hospitals in order to
quickly implement innovations into imme-
diate patient care can be seen with the ad-
vent of the photon-counting-detector CT
systems (PCD-CT). Over the past decade,
the established energy-integrating-detec-
tor CT seems to have reached in some

way its limit in terms of noise as well
as spatial and temporal resolution assum-
ing meaningful dose constraints. How-
ever, the novel PCD-CT, which has recently
beenmade clinically available by commer-
cial retailers and is being actively scientif-
ically evaluated by healthcare profession-
als, might hold the potential to overcome
these limitations.

Rather than compiling X-ray quanta
and converting them into flashes of light
for registration, individual photons are
counted and sorted by their energy, re-
sulting in the unprecedented potential to
reconstruct images in multiple spectral
energy levels from a single CT scan [20].
This and the increased spatial resolu-
tion have sparked a great effort by the
scientific community to evaluate image
quality and establish optimal imaging
protocols for different diseases with the
goal of improved radiation protection and
better optimized CT imaging procedures
for patients [21, 22]. The quality metrics
developed in the i-Violin project should
be applicable to both the routine CT
scanners as well as any emerging CT tech-
nology and can provide guidance about
the optimization process, including image
quality and dose evaluation for healthcare
professionals. Thus, the study has the po-
tential to overcome reliance on subjective
measurements for relevant aspects such
as lesion conspicuity [23]. This verifiable
approach can then allow professionals
to be more assured about the quality
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of their images and correspondingly be
more confident in their diagnosis or treat-
ment decisions This in turn will impact
policymakers at EU and national levels to
utilize the developed guidelines and cor-
responding recommendations as a basis
to regulate the requirements regarding
CT procedures and ensure equal access.

Embedment in prior research

The i-Violin directly profits from a solid
foundation of prior evidence-based re-
search such as theEURAMED rocc-n-roll
project [24], which identified the key trans-
lational challenges for the implementa-
tion of radiation protection research into
clinical practice. These included system
interoperability differences, resource in-
sufficiency, lack of training and education,
and the need for greater public awareness
surrounding the benefits, risks, and appli-
cations of ionizing radiation [25]. These
challengesarethereforedirectlyaddressed
by WP 2 (dissemination and communica-
tion), WP 4 (adaptation of existing tools),
and WP 7 (education and training) within
the i-Violin project.

Additionally, the MEDIRAD project [14,
26], which aimed at assessing image qual-
ityobjectively, implementingpersonalized
dosimetry and effectiveness for three-di-
mensional imaging, will aid in the doc-
umentation of standardized procedures
and the linking of patient registries in the
project.

The tools for comprehensive risk as-
sessment of detrimental effects of radia-
tion exposure, which were developed for
chest CT scanswithin theSINFONIAproject
[27–30], will also be adapted and further
devolved in WP 6 (optimization of onco-
logical CT protocols for selected clinical
indications) and thus support the i-Violin
project. Notably, all three projects also
involve intensive education and training
in medical radiation applications as well
as quality and safety standards.

Limitations and risks

The study design has limitations and po-
tential risks. The latter are assessed for
their degree of severity and discussedwith
potential risk-mitigation strategies. First,
due to the study design, the developed

tools for harmonization and optimization
of image quality and radiation dose lev-
els will be developed on a retrospectively
identified cohort of patients and warrant
further, prospective, validation in a clinical
setting after the dissemination. Second,
despite the involvement of nine European
countries, this multicenter study does not
involve countries such as France, Italy, and
Spain, which might be a limiting factor of
the heterogeneity of CT scanning proto-
cols and thus underestimate the overall
variation in this regard. The risks for the
success of the study include the potential
absence of a critical team member during
the project due to illness (low risk, which
is met by the appointment of a deputy for
each work package); a sustained or aggra-
vated pandemic could potentially prevent
meetings and project-related activities in
hospitals (medium risk, which is met by
onlinemeetingsandonlinetrainings; how-
ever, local fine-tuning will be required at
a later stage); difficulties in the dissemina-
tionofproject achievements inCTprotocol
standardization (medium risk because of
the key role in the project, met by the early
involvement of professional societies and
national regulators in project activities);
and lastly problems in data collection and
upload by clinical partners (medium risk,
met by a backup plan to collectmore stud-
ies from a different clinical site).

Conclusion

The study protocol outlined for the i-Vio-
lin project provides a European approach
for standardization and harmonization of
image quality and optimization of CT pro-
cedures in oncological imaging. Through
the development, validation, and dissemi-
nation of image quality and radiation dose
assessment tools for oncological imaging
across Europe, it will allow profession-
als to be more sure about the quality
of their images and correspondingly be
more confident in their diagnosis or treat-
ment decisions. The tools will be pro-
moted by liaising with key stakeholders in
academia, medical professional societies,
and national competent authorities. Thus,
it is expected to have a sustained impact
onCT imaging for cancer patients and lead
to a culture of standardized imaging prac-

tices across Europe, ensuring equal access
to high-quality healthcare.
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