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ABSTRACT

Background New radiation protection regulation encom-
passing additional obligations for monitoring, reporting and
recording of radiation exposure, was enacted on December
31, 2018. As a consequence, dose management systems
(DMS) are necessary to fulfill the requirements. The process
of selection, acquisition and implementation of a suitable IT
solution for this purpose is a challenge that all X-ray-applying
facilities, including hospitals and private practices, are
currently facing.

Method A target/actual-analysis as well as a cost-utility anal-
ysis is presented for this specific case as a foundation for the
acquisition decision-making process.

Result An actual analysis is necessary in order to record the
current status of dose documentation. An interdivisional
approach is recommended to include all imaging modalities
and devices. An interdisciplinary steering committee can be
helpful in enabling consensus and rapid action. A target ana-
lysis includes additional criteria with respect to ease of opera-
tion, technical feasibility, process optimization and research
opportunities to consider in addition to the statutory require-
ments. By means of a cost-benefit analysis, considerations
between costs and the individually weighted advantages and
disadvantages of eligible DMS result in a ranking of preference
for the available solutions.

Conclusion Requirements of a DMS can be summarized in a
specification sheet. Deploying an actual condition analysis,
target state analysis and cost-utility analysis can help to
identify a suitable DMS to achieve rapid commissioning and
highest possible user acceptance while optimizing costs at
the same time.

Key Points:

= An actual analysis reveals optimization and standardization
needs in examination protocols and technical coding of
dose data that can be addressed before or during the
acquisition process.

= A specification sheet covers all functional, technical, and
financial aspects of a target analysis.

= A cost-utility analysis is useful for exploring an appropriate
dose management system with high user acceptance,
rapid implementation, and low cost.

= An interdisciplinary steering committee can be helpful to
enable early consensus building and fast action.
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ZUSAMMENFASSUNG

Hintergrund Seit dem 31.12.2018 ist die neue Strahlen-
schutzverordnung rechtswirksam, die zusitzliche Uber-
wachungs-, Melde- und Aufzeichnungspflichten enthdlt. Um
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diesen Aufgaben gerecht zu werden, sind Dosismanagement-
systeme (DMS) erforderlich. Der Prozess der Auswabhl,
Anschaffung und Implementierung einer hierfiir geeigneten
IT-L6sung stellt eine Herausforderung fiir alle Rontgenstrah-
len-applizierenden Einrichtungen, sowohl fir Kliniken als
auch Arztpraxen, dar.

Methode Es werden IST-/SOLL-Analysen und Kosten-Nutz-
wert-Analysen fiir diesen spezifischen Fall dargelegt, um eine
fundierte Grundlage fiir die Entscheidungsfindung bei der
Auswahl eines geeigneten DMS zu bilden.

Ergebnis Eine IST-Analyse ist notwendig, um den aktuellen
Stand der Dosisdokumentation zu erfassen. Dabei ist ein
abteilungsiibergreifendes Vorgehen zu empfehlen, um alle
Bildmodalitaten und Gerate zu beriicksichtigen. Ein interdiszi-
plindrer Lenkungsausschuss kann dabei hilfreich sein, um eine
friihzeitige Konsensfindung und schnelles Handeln zu ermég-

lichen. Die SOLL-Analyse umfasst neben den gesetzlich
vorgeschriebenen Anforderungen zuséatzliche Kriterien hin-
sichtlich der Anwenderfreundlichkeit, technischen Umsetz-
barkeit, Prozessoptimierung und Forschungsmdglichkeiten
zu berticksichtigen. Eine Kosten-Nutzwert-Analyse ermdg-
licht schlieRlich durch die Abwdgung zwischen den Kosten
und den individuell gewichteten Vor- und Nachteilen der
unterschiedlichen DMS eine Rangfolge der Praferenz fir die
infrage kommenden Ldsungen zu erstellen.
Schlussfolgerung Anforderungen an das DMS kénnen in
einem Lastenheft zusammengefasst werden. Mithilfe von
IST-Analysen, SOLL-Analysen und Kosten-Nutzwert-Analyse
kann das geeignete Produkt sondiert werden, um eine
schnelle Inbetriebnahme und eine mdglichst hohe Nutzer-
akzeptanz bei gleichzeitig optimierten Kosten zu erreichen.

Background

In 2013, new guidelines for radiation protection were issued by
the European Atomic Energy Community under the name
EURATOM 2013/59 [1]. These guidelines served as the basis for
the amended German Radiation Protection Act (StrlSchG), which
was enacted on May 12, 2017. The supplementary Radiation
Protection Ordinance (StrISchV) has been legally effective since
December 31, 2018 [2]. The new ordinance now contains exten-
ded monitoring, reporting and recording obligations [3]. Accord-
ing to paragraph 122 of the Radiation Protection Ordinance, the
exposures of persons receiving ionizing radiation shall be regularly
evaluated and assessed. In addition, the new ordinance requires
the use of specialized personnel in radiation protection, so-called
medical physics experts (MPE). Although the acquisition of a dose
management system (DMS) as a technical solution is not explicitly
mentioned in the draft law, nevertheless, the use of such an
automated IT solution is practically mandatory in order to fulfill
the new legal requirements and tasks of the newly introduced
MPE. Appropriate software can support clinics and practices in
the implementation of the legal requirements for radiation
protection. The first dose management systems were developed
in the early 2000s, and most current systems in their current
form have been approved for the market in the last 5-10 years.
Diagnostic reference values have only been compiled by the
Federal Office for Radiation Protection in Germany since 2003
and are used for comparison with the applied dose in the specific
institute or practice in order to better classify internal values and
to recognize the potential for optimization.

Methods

The following presents the analysis and preparation of the selec-
tion process for a DMS software and related cost-utility analysis.
In contrast to a cost-benefit analysis, the cost-utility analysis takes
into account both monetary and non-monetary criteria which are
assessed with weighting factors. Thus a cost-utility analysis

assesses the effectiveness rather than the efficiency of an
approach. This is intended to enable a rapid exploration of
suitable software and its implementation, as well as to obtain the
maximum benefit for the user.

Actual analysis of dose documentation

Actual analysis is indispensable, because only with knowledge of
this can target analyses be carried out and includes both the
inventory of all devices for the application of ionizing radiation
to humans, the recording of current dose documentation and
identification of all departments that have related devices in
operation. The dose management system should not only be a
department-specific solution in radiology, but should also be
applied across the entire hospital. This dose documentation
including MPEs is also mandatory for practices and medical care
centers for the commissioning of new devices. For existing
equipment, there is a transition period for the MPE until the
end of 2022. The disciplines involved include general diagnostic
and interventional radiology, pediatric radiology, and neuro-
radiology as the main users of the DMS. In addition, there are
other stakeholders that operate X-ray equipment, for example
mobile C-arms, fluoroscopy equipment and angiography equip-
ment, such as cardiology nuclear medicine, radiotherapy, vascu-
lar surgery, orthopedics, trauma surgery or gastroenterology
(see » Fig. 1). Likewise, the radiation safety officer should be
involved in the planning process. Across departments, the
person responsible for radiation protection (usually the hospital's
chief medical director) should also be informed about the
acquisition of a DMS. The administrative management of the
hospital should be involved in the project from the beginning to
ensure continuous support. Lack of support by administrative
managers is among the top ten reasons for the failure of a large
IT project [4]. There is the additional possibility to bring in an
external consultant to support the process successfully [5].
Dose information varies with the imaging technique and may
be encoded in different formats for this purpose: DICOM
Radiation-Dose-Structured Report (RDSR), optical character
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» Fig. 1 Software acquisition stakeholders.

recognition (OCR), DICOM-modality performed procedure steps
(MPPS) or in DICOM header data [6]. RDSR was introduced as an
international standard in 1993 to facilitate the exchange and
comparability of dose information between different manufac-
turers and centers [7]. It is therefore advisable to switch to
uniform coding at the very beginning of the DMS acquisition
process.

To simplify the assignment of examination protocols (so-called
mapping) to the national dose reference values of the Federal
Office for Radiation Protection or additionally internally defined
dose reference values, prior to software acquisition it is useful to
standardize current processes and investigation protocols within
the department and across departments to achieve a systematic
approach with correct terminology, classification and compara-
bility. Specifically, this means that all examination protocols for a
procedure performed at different sites and departments are also
filed with the same name, e. g. “CT thorax native”.

Actual analysis

A meaningful list of requirements analysis for the DMS can be
derived and prioritized, taking into account weak points can be
developed only with knowledge of the actual analysis of the
current dose acquisition including dose parameters, storage
format of dose information and internal data linking nodes
between acquisition consoles, PACS and software for report
generation. Not only functionalities resulting from legal require-
ments should be considered, but also the overall corporate

strategy and IT strategy as well as future multi-client capability,
e. g. dose monitoring also for affiliates such as a hospital-owned
medical care center. Research focusing on radiation protection
should be considered for functions of the DMS that can be
additionally acquired. Likewise, possible center certifications
can be weighed with radiation protection as a quality feature as
part of the acquisition of a DMS, e. g., in the context of EuroSafe
imaging certifications [8]. All functional and financial require-
ments for the DMS can be summarized as a so-called specifica-
tion sheet and used as a guide for the specific information
request to the manufacturer [5].

Legal requirements

As a minimum requirement, the DMS must fulfill all technical
and quality specifications of the new Radiation Protection Act
at the federal level as well as the specifications of the respective
state medical associations. Equipment and modalities CT, PET
CT, angiography equipment and X-ray equipment should be
linked in order of urgency and potential exposure. This prioritiza-
tion is based on the legally determined deadlines and related
dose intensity and has been jointly decided by the hospital's
steering committee composed of representatives of the various
departments. Starting January 1, 2021 all newly installed, and
from January 1, 2023, existing devices for computed tomo-
graphy or fluoroscopy must comply with the regulations for
dose recording and documentation. This implementation will
take effect for X-ray equipment January 1, 2024. Optionally,
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» Fig.2 Dose overview of a CT device in the period of month. Numbers of examinations for each day are shown as blue bars and average
dose-length-product of all examinations of the same day as red curve. Dose peaks with low numbers of examinations can be explained with
multiphase CTs from ICU patients at the weekend, for example on the 21.03.2021, in comparison to reqular working days with routinely performed

staging examinations.

MRI and ultrasound devices of a department can also be connec-
ted. Although these equipment types do not operate with
ionizing radiation when connected, most vendors provide
information for utilization analysis and process optimization.

Key figures and benchmarking

Results of dose analysis can be presented in the form of ratios and
graphs with statistical tools for an easier overview of dose values
on a patient-by-patient basis, as well as per action, per device
(» Fig. 2), orin larger units such as department or overall hospital.
= Deviations from national dose reference values or dose
thresholds defined internally by the department.
= Separate analyses by protocol (> Fig. 3), modality, location and
department.
= Analyses by study classification, patient age and body mass
index class.
= Analysis for self-adjustable time periods and times of day
(» Fig. 4).

As another quality management option, the comparison of the
total dose used per examination per patient with the externally
or internally defined dose thresholds should be carried out as
part of a benchmarking procedure. The diagnostic reference
levels of the Federal Office for Radiation Protection or the
“European Study on Clinical Diagnostic Reference Levels -
EUCLID” of the European Society of Radiology can be used as
external dose reference levels [9, 10]. The former has already
been implemented in the DMS of all manufacturers.

Utilization analyses

Configurability of messages in case of dose
exceedance

The user should be automatically informed when dose thresholds
are exceeded and reportable events are detected by the DMS.
Manual configuration option of the message frequency (hourly,
daily, weekly) should prevent excess interference with the regular
workflow. Exceeding the dose reference value alone is not a
notification criterion. When the threshold of 300 % of the respec-
tive dose reference value is exceeded, an action threshold is
reached that requires a review of the average of the last
20 examinations of the same examination type on the same
device. Notification is required if the latter is higher than 200 %
of the dose reference value.

Contrast agent management

In addition to the dose, it is also possible to manage contrast
agent consumption by accessing information from the contrast
medium injectors or the PACS. The contrast media, quantity,
type and flow rates used are thus documented and can be
compared with the number of examinations. This should
facilitate the management of MRI and CT contrast agents,
calculation of the optimal delivery quantity and timing to avoid
long storage times or delivery bottlenecks. The optimal order
quantity or time can be calculated using the Andler formula
[11] to minimize storage and ordering costs.
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» Fig. 3 Distribution of acquisition protocols on a CT device over a period of one month.
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> Fig.5 Organ specific dose of a CT chest/abdomen/pelvis with contrast agent in venous phase. Effective organ doses of the present study
(blue rows) are compared to the median of organ doses of patients (red rows), who were examined with the same CT-protocol in the last two

months.

Research options

“Size-specific dose estimates” (SSDE) give a size-related estimate
of the organ dose and take into account the body habitus and
the radiation sensitivity of the organs in the calculation [12].
The availability of SSDE and thus better comparability of patient
dose despite different physiques yields additional data for
research in radiation protection and image quality (> Fig.5).
The possibility of data export of dose parameters and related
images should be included in the consideration to facilitate
scientific evaluations.

Technology and data security

The new DMS should be technically compatible with the existing
equipment of various manufacturers and able to read the dose
information. Ideally, the dose information should be generated
at the modality in the form of RDSR and transmitted to the
DMS, since this is the most complete form to access structured
data and compare dose parameters between devices from
different equipment manufacturers. Conversion to that format
requires additional service calls with the respective equipment
manufacturers and generates opportunity costs due to missed
examinations, which must be factored in financially and with
respect to time. Furthermore, depending on technical availabi-
lity, it must be ascertained whether a dedicated server or cloud
solution should be used as “Software as a Service” (SaaS)
[13, 14]. In the former instance, the server is physically located
at the entity's own premises and is accompanied by decentra-
lized data management, which means that the data remains
internally at the institution. The rights of use belong to the insti-
tution and can presumably more easily meet high security
requirements. In addition, analyses can be performed faster

and the correlation with patient data is guaranteed. In the
second instance, dose data is sent anonymized from the hospital
to the software company via the Internet, and the dose report on
individual examinations is analyzed and stored in the cloud in
each case. Anonymized data, unlike pseudonymized data, is not
subject to data protection. The advantages of the cloud solution
are that operation and maintenance are carried out by the
provider. With a cloud solution, operational responsibility is
usually shared and contractually defined. Other possible
included advantages are continuous update and improvement
of the software on the part of the provider, clear cost structure
without the client’s internal operating costs and especially no
acquisition costs for hardware. A cloud solution together with
concomitant centralized data management makes it possible to
compare with other centers that also access the same cloud.

Financing

At the outset it should be ascertained whether the acquisition of
a blanket license for the entire institution is possible or whether
this should be done as single licenses. Individual licenses can be
advantageous if only a few people use the DMS, e.g. a single
practice or group practice. In individual cases, a single license
can be interesting for large institutions such as the university
hospital if only one or a few new devices are being put into
operation, if legal requirements have to be met, and to bridge
the time before an institution-wide DMS can be installed.
Likewise, these costs must be weighed against each other.
When calculating the costs, not only the one-off fixed costs at
the time of purchase should be negotiated, but also the follow-
up costs arising from updates and maintenance. In addition,
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there should be no restrictions on the connection of additional
modalities when purchasing a campus license.

Comparison of the actual and target analyses

Comparison of the actual analysis with the target analysis reveals
weak points in processes and organizational structures that can
be eliminated before the DMS is acquired. Standardization of
dose protocols and the underlying technical dose coding,
preferably the RDSR format, set the course for a future rapid
connection to the DMS.

Make or buy decision

Once the requirements for a DMS are known, the first question
that arises is whether the application should be developed by
the institution itself or commissioned from an external provider
(custom software) or whether it can be purchased as standard
software. Currently there are more than 14 standard software
solutions for radiation dose evaluation on the market. A
customized solution is advantageous over standard software if
there is no ready-made solution on the market for the specific
requirement or if it provides competitive advantages over other
companies. However, in the hospital sector and in practice, the
focus is on healthcare, clinical research and basic research than
on creating advantage through custom software.

Cost-Utility Analysis

A cost-utility analysis compares the weighted advantages of a
DMS with the costs of acquisition and maintenance [15, 16].
The utility value is the sum of the calculated point values of
individual criteria, taking into account a weighting factor.
Criteria are sorted by groups and evaluation of group weighting
at the same hierarchical level appears to be the most useful [17].
The weighting of the categories can be freely determined by the
steering committee, e. g. price 40 %, benefit assessment 18 %,
scope of delivery, period and service 2 % and technical evaluation
40 %. An individual adjustment of the numerical values according
to local needs should be made. The cost-utility analysis is
intended to serve as a decision-making basis for investment
considerations of an available DMS. In addition, financing of the
acquisition costs should not exceed the institution manage-
ment’s target. Taking into account the utility and cost analysis,
it is then possible to apply a ranking with an ordinal scale to
determine a preference for a provider [18].

Cost analysis

A distinction can be made between total costs (fixed costs) for
one year's use and follow-up costs (» Table 1). The total cost
includes all costs, such as the price of the software, its
installation, implementation and training including hardware
and software components. The follow-up costs are made up of
service costs and license costs, which are incurred by each
manufacturer at different times, such as after expiry of the
warranty, after written acceptance or connection of additional
modalities. Due to legal requirements, such as the necessary

» Table 1 Fixed costs and follow-up costs in a dose management
system.

fixed costs follow-up costs

= licensing fee = service costs per year

= software and hardware = system management costs
components (physicists, technicians,

installation charges by the
software developer and
device manufacturer
transaction costs
implementation costs and
overhead due to network
integration

internet access costs
software training costs
costs for work loss due to
individual training

physicians)

post-training costs

costs due to workflow
disruption

costs in the event of necessary
process optimizations

(as a result of excess doses)
hardware-related energy costs
space costs for it center, if
necessary

» Table 2 Proposal of a cost calculation.
price list evaluation criteria

dose management system

price for software including installation/implementation as well as
instruction and training including all required hardware and software
components

annual service costs

total costs for year 1 (procurement + service costs, without post-
training/instruction) + 19 % VAT (gross)

follow-up costs year 2 (service costs without post-training/instruction)

+19% VAT (gross)

follow-up costs year 2 (service costs without post-training/instruction)
+19% VAT (gross)

total 3 year costs
offer total (net)
+19% VAT (gross)

price reduction x % discount when payment within agreed period after
invoice

offer final price including discount (gross)
vendor points (,ax. 400 points)

vendor price ranking

hiring of MPEs and the acquisition of a DMS, the operating costs
for installation, system management by physicians and medical-
technical radiological assistants (MTRA) are not considered
subsequently when selecting software. These are costs that are
incurred in a DMS acquisition regardless of the manufacturer.
Operating costs for installation, system management by
physicians and MTRAs can vary greatly depending on the
manufacturer of the DMS. Setup is a line item for labor time for
physicians/MTRAs/MPEs which cannot be accurately estimated
in advance. A rudimentary evaluation of these can be found in
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Evaluation Matrix

1. Price list Weighting 40.0%
Total I points
Offer final price €
2. Quality / user acceptance Weighting 18%
Total I pointa
24 User interface 30%
22 Functionality 3.0%
23 Usability 30%
24 Qutput options 3.0%
25 Implementation of requirements 3.0%
26 Service data 3.0%
3 Delivery volume, time frame and service Weighti 2.0%
Total I points
Delivery volume and time frame 1.0%
Service 1.0%
4.0 Technical evaluation Weighting 40%
Total I points
Software requirements 4.1 Ovarall Total 32.0%
411 Basic requirements 0.0%
4.1.2 Connection to modalities 2.0%
413 Authorization concept 1.0%
4.14 Dose documentation - overall 12.5%
415 Dose assessment 5.0%
416 Dose assessment — additional opbions 2.5%
41.7 Alarm notifications 2.0%
418 Reporting 3.0%
418 Utilization analyses 4.0%
Additional options 42 Overall Total B.0%
421 Contrast agent management 4.0%
422 Data export options 20%
423 Quality management 2.0%
Percent total 100.0%
Total points
| Vendor ranking

» Fig.6 Example of an evaluation matrix of all main criteria of a dose management system.

the usability criterion under the heading utility analysis in the
context of a product presentation.

In addition, discounts offered by companies are also to be
taken into account. A period of 3 years is used to calculate the
costs of a DMS, since the amortization period of standard soft-
ware is 3 years. In the case of custom software, an amortization
period of 5 years can be applied.

For example, a point scale from 0 to 400 points, so-called
vendor points, is standardized for the assessment of an offer.
The higher the number of vendor points for the respective
software offer, the more interesting the offer is for the institu-
tion. A notional maximum price limit is set at twice the value of
the lowest offer. Only offers that fall between the lower and
upper price limits should be considered. All offers above this
notional price limit are awarded 0 points, as the price limit

criterion is not met. A point evaluation with linear interpolation
is carried out as follows [19]:

vendor points = 400 -

( offer price - price,,,

- ) x 400 l
price,,,.

» Table 2 provides an overview of a possible cost calculation.

Utility analysis

For the utility analysis, suitable market suppliers can be sorted
out on the basis of the specifications and invited for a product
presentation. Members of the steering committee can perform
a qualitative assessment of the utility by using a 10-point scale.
Important quality criteria include the evaluation of the user
interface, functionality, usability, implementation of legal
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» Fig. 7 Flowchart representing methodology for the acquisition of a dose.

requirements, output option of data and service details. With
respect to technical equipment, the legal requirements of the
Medicinal Devices Act, Radiation Protection Act and the Radia-
tion Protection Ordinance, data security, technical integration
of modalities, authorization concepts, alarm concepts and
additional options are evaluated. Additional options should allow
assessment of contrast agent consumption, clinical decision
support system (CDSS) and clinical audit integration. In radio-

logy, a CDSS can aid in the decision regarding the appropriate
examination modality for patients with specific clinical issues.
These are intended to improve overall planning, process optimi-
zation and control. Unlike equipment procurement, the DMS is
not required for image generation and reporting, but is used to
comply with legal requirements for radiation protection and can
be used to optimize processes within the institution. The
cost-utility analysis must therefore be carried out particularly
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critically and should be based on the specifically-defined require-
ments for the software.

A summary of the cost-utility evaluation is shown in » Fig.6,
and an overview of the methodological approach for acquiring a
dose management system is presented in » Fig.7.

Conclusions

The procurement of a dose management system is a complex
project that requires good coordination between various stake-
holders (user groups, controlling, IT department and equipment
manufacturers). Use of a DMS is unavoidable given the far-reach-
ing legal requirements. The choice is limited by functional
requirements, as well as the technical conditions in a hospital
with a wide variety of equipment manufacturers as well as cost
specifications by the board of directors. Using actual and target,
as well as cost-utility analyses, the appropriate product can be
sorted out in order to achieve rapid commissioning and the
highest possible user acceptance while at the same time
optimizing costs.
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