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ABSTRACT

Background Health technology assessments (HTAs) are an

interdisciplinary method to support sustainable, evidence-

based healthcare decisions. They systematically assess medi-

cal products, procedures, and technologies with respect to

medical, economic, legal, social, and ethical aspects.

Method This review analyzes the current use of HTAs in radi-

ology in Germany and discusses challenges associated with

HTAs. In particular, incentive structures of various players in

the healthcare field involved in HTA implementation are con-

sidered for both the inpatient and outpatient sectors. Taking

into account that the Joint Federal Committee (G-BA) has

different authority between sectors ("ban reservation” for

inpatients and “authorization right” for outpatients), we focus

on the repercussions on reimbursement for new diagnosis or

treatment methods by statutory health insurance companies.

Results The G-BA’s authority implicitly creates a paradox in

terms of incentives to implement and finance HTAs: in the

outpatient sector HTAs are considered necessary to evaluate

new medical services while players may not have sufficient

incentive to implement and finance HTAs in the inpatient

sector.

Conclusion Characteristics of HTAs differ widely with respect

to the items to be assessed. Therefore, an HTA for drug effec-

tiveness is not easily transferable to radiological procedures.

Within radiology, each method must be assessed individually

(e. g. according to tumor stage). Despite these challenges,

systematic compilation and critical assessment (regarding

both cost and medical effectiveness) of available evidence

should be a basic component of evidence-based radiology.

As companies in healthcare fail to invest in studies that

advance evidence-based radiology and considering the lack

of incentive for such investments, public funding institutions

need to accept the challenge to support studies that assess

the benefit of radiological procedures.

Key Points:
▪ HTAs should be a basic component of evidence-based

radiology.

▪ G-BA’s authority implicitly creates a paradox in terms of

inventives to implement and finance HTAs.

▪ University hospitals and public funding institutions need to

support studies that assess the benefit of radiological

procedures.
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ZUSAMMENFASSUNG

Hintergrund Health-Technology-Assessments (HTA) sind

eine interdisziplinär anzuwendende Methode zur Unterstüt-

zung nachhaltiger, evidenzbasierter Entscheidungen im Ge-

sundheitswesen. Sie untersuchen in einem systematischen

Prozess medizinische Produkte, Verfahren und Technologien

unter medizinischen, ökonomischen, juristischen, sozialen

und ethischen Aspekten hinsichtlich ihres Einsatzes in der

medizinischen Versorgung.

Methode In dieser Übersichtsarbeit wird die aktuelle Ver-

breitung von HTA in der Radiologie in Deutschland betrach-

tet. Es werden Anreizstrukturen für die Durchführung von

HTA diskutiert und die sich daraus ableitenden Herausforder-

ungen für die Akteure im Gesundheitswesen im stationären

und ambulanten Sektor erörtert. Dies erfolgt vor dem Hinter-

grund des zwischen den Sektoren bestehenden Unterschieds

im Entscheidungsprozess darüber, welche Leistungen durch

die gesetzlichen Krankenkassen erstattet werden. Es wird ins-

besondere betrachtet, welche Auswirkungen sich aus dem

Verbotsvorbehalt (stationär) bzw. Erlaubnisvorbehalt (ambu-

lant) des Gemeinsamen Bundesausschusses (G-BA) bezüglich

der Erstattung neuer Diagnose- und Behandlungsmethoden

ergeben.

Ergebnisse Aus den Befugnissen des G-BA ergibt sich

hinsichtlich der Anreize zur Durchführung und Finanzierung

systematischer Nachweise von Effektivität und Effizienz medi-

zinischer Leistungen implizit ein Paradox: Im ambulanten

Sektor sind derartige Nachweise ein notwendiges Instrument,

während im stationären Sektor keine ausreichenden Anreize

für die Akteure bestehen, in die Durchführung solcher Bewer-

tungen der gleichen Leistung zu investieren.

Schlussfolgerung Es zeigt sich, dass der Bewertungsgegen-

stand gravierende Unterschiede innerhalb des HTA begrün-

det. Bewertungsprozesse, die zur Überprüfung der Effektivität

von Arzneimitteln etabliert sind, können nicht einfach auf

radiologische Verfahren übertragen werden. Bei der Bewer-

tung einzelner radiologischer Verfahren muss extrem diffe-

renziert, z. B. nach Tumorstadien, vorgegangen werden. Trotz

dieser Herausforderungen sollte eine systematische Übersicht

und kritische Bewertung verfügbarer Evidenz sowohl zur

medizinischen Wirksamkeit als auch der Kosteneffizienz ein

elementarer Baustein in der evidenzbasierten Radiologie

(EbR) sein. Da Unternehmen im Gesundheitswesen die EbR

nicht vorantreiben, sind öffentliche Fördermittelgeber gefor-

dert, Studien zur Innovations- und Nutzenbewertung von

bildgebenden radiologischen Verfahren zu unterstützen.

Introduction
As a result of the shortage of resources in the health care industry,
decision-makers are forced to increasingly consider the economic
efficiency of services in addition to the medical justification. In the
past the health care policy discussion focused on regulating the
pharmaceutical sector. Prior to the Act on the Reform of the
Market for Medicinal Products becoming effective in 2011, phar-
maceutical companies were able to freely set the prices for their
products after receiving clinical approval by the European Medical
Agency or the Federal Institute for Drugs and Medical Devices.
Regulatory instruments like reference prices and prescription
advice issued by Federal Joint Committee based on therapeutic
assessment only late took effect. According to the Act on the
Reform of the Market for Medicinal Products, pharmaceutical
companies must present a value dossier to the Federal Joint Com-
mittee following drug approval. The dossier must prove the addi-
tional benefit of the pharmaceutical over the appropriate com-
parator. If a positive additional benefit is proven, discounts are
negotiated with the National Association of Statutory Health
Insurance Funds. Following clinical approval, pharmaceuticals are
also tested internationally with respect to their eligibility for reim-
bursement. The British National Institute for Health and Clinical
Excellence assesses the cost effectiveness of new pharmaceuticals
based on Health Technology Assessments (HTAs) – systematic as-
sessments to determine effectiveness and efficiency – and health
economics models and provides recommendations for reimbur-
sement of these products [1].

To date, medical devices as used in radiology have not been the
focus of the health care policy discussion. Although, for example,

the Institute for Quality and Efficiency in Health Care, which is in-
volved in the evaluation of the value dossier, has been promoting
expansion of the Act on the Reform of the Market for Medicinal
Products to include medical devices, the discussion has primarily
involved medical devices that remain in the body. The EU Medical
Device Regulation marks a fundamental change in this market.

At first glance, it is surprising that the effectiveness and effi-
ciency of medical devices play practically no role in the health
care policy discussion. Although large medical systems (like CT
and MRI units) are regulated in the statutory health care sector
by authorization restrictions and minimum quantities, the
systems are often used in patient care. According to the Federal
Office of Statistics, the number of CT units in German hospitals
has increased in the period of 2012 to 2016 from 1463 to 1537
and the number of MRI units from 891 to 987 [2]. At the same
time, the number of hospitals in Germany has decreased from
2017 to 1951 [3]. According to the 2011 Barmer GEK physician's
report, 6 % of the German population (4.88 million) underwent at
least one CT examination in 2009 and a further 7.2 % (5.89 mil-
lion) underwent at least one MRI examination [4]. The total cost
was estimated at 1.76 billion Euros, including 1.25 billion Euros
for the outpatient sector, which accounts for 3.2 % of the treat-
ment costs in the statutory health care sector [4]. Despite the
high demand for radiological imaging, there seems to be both a
low demand for and supply of valid effectiveness and efficiency
data. There are multiple reasons for this: although the fundamen-
tal technical suitability of an imaging device (based on technical
parameters) and the technical quality of images are to be exam-
ined, radiology expertise is required to obtain a finding with clini-
cal relevance. Even when the often overlooked factor of radiology
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expertise is ignored, it is difficult to perform primary studies
regarding treatment relevance in radiology. The potential effects
of results from systematic research are also questionable. More-
over as a result of these basic conditions, there is a lack of incen-
tive to finance medical and economic studies as well as reviews of
these studies (e. g. by an HTA) in radiology. Details are discussed
in the following with a focus on use in diagnostic radiology.

HTAs in radiology
Per definition, an HTA is a method to be used on an interdisciplin-
ary basis for the systematic and transparent evaluation of medical
methods and technologies with respect to medical, economic,
legal, social, and ethical aspects with the goal of supporting
(medical) decision processes. The term technology in this case re-

lates not only to technical devices but also to medications, instru-
ments, procedures, and methods. The core of the HTA report is
systematic review of the effectiveness and efficiency of the tech-
nology to be evaluated [5]. ▶ Fig. 1 shows the assessment process
of an HTA which starts with determination of the question (the
PICO model can help here [6]).

Diverse methods and tools were developed to support the
analysis of the literature in an HTA. Methods for assessing the
medical and economic literature are discussed in the following.
The methods differ depending on the technology and the pur-
pose. Therefore, levels of evidence according to evidence-based
medicine (EBM) were defined to evaluate the effectiveness of
pharmaceuticals, for example. Results from meta-analyses and
systematic reviews of randomized controlled trials (RCT) have
the highest evidence and expert opinions have the lowest [7].
However, these levels of evidence cannot be transferred to the

▶ Fig. 1 HTA evaluation process [35]. [rerif]
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assessment of radiology methods since RCTs are not the gold
standard here (▶ Table 1).

These differences were discussed for the first time by the
Canadian Evidence-Based Radiology Working Group [8] which
coined the phrase evidence-based radiology (EBR). The goals of
EBM and EBR are the same: derive valid statements regarding the
effectiveness of medical measures, apply them in practice, and
integrate individual clinical expertise with the best available exter-
nal evidence from systematic research [7]. However, the special
features of radiology are taken into consideration and other target
variables and assessment criteria are used in EBR. ▶ Table 2 shows
the target variables of radiodiagnostic studies with these building
on one another (e. g. diagnostic accuracy cannot be achieved
without technical quality). Various assessment sheets are used to
record and evaluate studies in accordance with these target vari-
ables in HTAs. ▶ Table 3 was developed by the Scottish Intercol-
legiate Guidelines Network (SIGN) and shows the requirements
regarding the quality of such studies. ▶ Table 4 provides an over-
view of HTA reports in radiology in the period 2012 – 2017.

One challenge when evaluating new large diagnostic systems
is the use of these systems for a wide range of diseases from a her-
niated disk to cancer. Even when the use of an imaging method is
considered with respect to only one tumor entity, there are signif-
icant differences in the follow-up of the different tumor stages
and the various treatment paths that affect the value of a diag-
nostic method. Therefore, clear advantages of PET-CTwere deter-
mined in a study regarding PET-CT follow-up compared to neck
dissection. However, these results only apply to N2 stages and
the authors emphasize that it does not seem possible to apply
the results to the N3 stage [9, 10]. In consideration of the increas-
ingly differentiated approach to different receptor- and gene-

associated tumor entities, a study regarding the detection of
metastases in "breast cancer" no longer seems up-to-date, for
example. Moreover, secondary factors like the expertise of the
reporting physicians and the process quality play a role in diag-
nostic processes. With respect to benefits, factors such as selec-
tion of the appropriate imaging method and inclusion of the radi-
ologist in clinical decision processes are as important as technical
qualities.

In addition to a medical evaluation, economic studies are iden-
tified and evaluated in an HTA. These include cost efficiency stud-
ies and cost-benefit studies [11]. The former evaluate alternative

▶ Table 1 Levels of evidence of radiodiagnostic studies, source: [26], pg. 674.

grade of
recommendation

level of evidence type of study

A 1a systematic overview of radiodiagnostic studies with level of evidence 1 or a clinical decision
algorithm validated on the basis of multiple methods

A 1b independent blind comparison of method and reference method performed in a representative
spectrum of consecutive patients who underwent both methods

A 1c radiodiagnostic result whose specificity is so high that a positive finding definitively provides the
diagnosis and whose sensitivity is so high that a negative diagnosis definitively rules out the
diagnosis

B 2a systematic overview of radiodiagnostic studies with level of evidence ≥ 2

B 2b independent blind comparison of method and reference method performed in non-consecutively
recruited patients or in a narrowly defined patient group who underwent both methods, or a clinical
decision algorithm without validation

B 3a systematic overview of studies with level of evidence ≥ 3

B 3b independent blind comparison of method and reference method performed in a representative
spectrum of patients although all patients did not undergo both methods

C 4 the reference method was not used independently or in a blinded manner

D 5 expert opinion without explicit critical assessment or on the basis of physiological considerations

E 6 case report or study of the technical efficiency of a new method

▶ Table 2 Target variables of radiodiagnostic studies, source: [26],
pg. 673.

technical
parameters

▪ image resolution, image noise, grayscale range,
sharpness, imaging parameters

diagnostic
accuracy

▪ sensitivity, specificity, positive and negative
predictive value

diagnostic value ▪ number of cases in which the radiology finding
was helpful for diagnosis

therapeutic value ▪ number of cases in which the radiology finding
was helpful for treatment

▪ number of cases in which clinical intervention
could be avoided based on the radiology finding

patient-relevant
benefit

▪ advantages for patients when using radiology
imaging vs. not using

▪ morbidity that could be prevented based on
radiology imaging

economic benefit ▪ cost-benefit or cost-efficiency ratio
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technologies (e. g. the use of MRI compared to X-ray) by linking
cost and effectiveness parameters. A comparison study of follow-
up regimens after rectal cancer surgery with and without compu-
ted tomography over a course of almost 9 years elucidates the
fact that it takes significant effort to collect comparative data in
this context and the results are not definitive even with intensive
planning and large patient numbers. The question could not be
answered by this study [12].

In diagnostic radiology, every target variable shown in
▶ Table 2 can theoretically be an effectiveness parameter [13]. In
addition, the perception of patients (PRO – patient reported out-
comes) is becoming increasingly important in HTAs. To date, this
has only been taken into consideration in interventional radiology
[14 – 16]. The call for patient-centered diagnostic radiology can
be interpreted as a start in this direction [17]. In health econom-
ics, particularly patient-relevant outcomes such as increased qual-

ity of life, increased life years, or reducedmorbidity are of interest.
In cost-utility analyses, complex utility values like quality-adjusted
life years (QALY) or health-related quality of life (HRQOL) are used.
An incremental approach in which the additional costs of an
innovation compared to the standard procedure are determined
and divided by the additional benefit resulting from the innova-
tion to form the incremental cost-effectiveness ratio is used here
to compare two alternatives. This reflects the costs per additional
unit of utility (e. g. QALY, increased life years, HRQOL) [11]. It is
typically not possible to observe direct patient-relevant effects in
a comparison of diagnostic measures in one study. Health eco-
nomics models that evaluate the long-term effects and costs of
the use of a diagnostic method including the subsequent thera-
peutic effect can be used here [18].

HTAs: lack of demand, lack of supply
It is interesting to analyze HTA results for which no statement
regarding evidence can be made since, for example, only studies
of poor quality are available but the method has nonetheless be-
come established in health care. There are two possible reasons
for this lack of evidence: (1) the so-called publication bias [5]
(only studies with positive results are published) and (2) a lack of
incentive to conduct the corresponding studies.

The following focuses on the incentive structures for the crea-
tion of primary studies and HTAs in diagnostic radiology and the
organizational challenges. The pharmaceutical sector is used for
comparison. Even though pharmaceuticals are pharmacological
goods and radiology devices are medical devices, they are both
used in patient care and their use is reimbursed by statutory
health insurance and private health insurance.

There is a high degree of diversity among large radiology sys-
tems with respect to both products and suppliers. Numerous
manufacturers offer a range of MRI and CT systems with various
modifications. At least in theory, the product life cycle is short
(according to the depreciation table of the Federal Ministry of Fi-
nance, the useful life is 8 years [19]). The Committee on Scientific
Instrumentation of the German Research Society states that large
systems are to be replaced within a period of ten years and that
diagnostic systems can only remain up-to-date for five years [20].

The life cycle of medical devices is characterized by intensive
feedback between practice, research, and development often
resulting in product modifications [18]. In the case of pharmaceu-
ticals, modifications are not possible after approval and require
new research and development phases and clinical trials. The
duration of a patent for pharmaceuticals is approx. 8 – 12 years
minus the research and development time. After that time the
pharmaceutical is usually in competition with generics. The pa-
tent situation for large radiology systems is usually complex. The
rights for many patents held by the largest manufacturers are re-
linquished early for common use. In addition, there are no "gener-
ics". The underlying technology is complex and the currently valid
standards are often met only by a few international companies. In-
novations are usually implemented on the established technology
platforms of these companies, often in cooperation with universi-
ty hospitals.

▶ Table 3 QUADAS checklist for evaluating the method-related
quality of diagnostic studies, source: [22], pg. 363.

number question

1 does the patient population in the study correspond to the
potential spectrum of patients for which the test is to be
used?

2 are the patient selection criteria clearly described?

3 was the correct reference method selected?

4 was the time interval between implementation of the test
and the reference method short enough to ensure no
change in the condition of the patient in the interim?

5 was the reference method used in all patients or at least a
random sampling of the patients?

6 did all patients undergo the same reference method re-
gardless of the result of the test of interest?

7 was the reference test performed independent of the test
(i. e., the test was not part of the reference method)?

8 was the implementation of the test described in such detail
that it would be possible to replicate the same problem?

9 was the implementation of the reference method described
in such detail that it would be possible to replicate the same
problem?

10 were the test results interpreted without knowledge of the
results of the reference method?

11 were the results of the reference method interpreted
without knowledge of the test results?

12 were the same clinical data that would be available if the
test was being performed in clinical practice available for
interpretation of the test results?

13 are uninterpretable or non-final test results included in the
study?

14 is an explanation for patient drop-outs included in the
study?

Test = the diagnostic method of interest, reference method = the selec-
ted gold standard.
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The approval process for pharmaceuticals and large radiology
systems also differs greatly. While the approval of pharmaceuti-
cals is essentially performed by the European Medical Agency
(EMA) for all of Europe, the requirements for the approval of med-
ical devices previously differed on a national level. These require-
ments were harmonized by the EU Medical Device Regulation. The
goals of approval also differ. Pharmaceuticals must provide evi-
dence of efficacy, safety, and pharmacological quality in double-
blind RCTs for clinical approval, while CE certification is required
for medical devices in Europe. "The aim of the CE marking is to
symbolize the conformity of a product with the levels of protec-
tion of collective interests imposed by the total harmonization di-
rectives and to indicate that the economic operator has under-
gone all the evaluation procedures laid down by Community law
in respect of his product" (EC no. L 220/23 dated 8/30/1993). As
a result, the focus is on safety and technical performance. The ex-
tent to which the device is better than a comparator or increases
patient benefit does not play a role in CE certification. Therefore,
RCTs are not relevant for approval and there is no incentive for
manufacturers to conduct and finance corresponding studies.
Instead, manufacturers conduct studies to show individual per-
formance advantages over other suppliers. However, these stud-
ies are often not randomized, the scope and investment
are minimal, and the studies tend to highlight technical features
rather than the fundamental benefit of a technology.

When evaluating the reimbursement process for diagnostic
radiology services, a differentiation between the inpatient and
outpatient sector is necessary. It differs greatly from the reimbur-
sement process for pharmaceuticals as outlined in the introduc-
tion. In Germany inpatient services are primarily billed using diag-
nosis-related groups (DRGs). The DRG catalog (published by the
Institute for the Hospital Remuneration System) includes all bill-
able DRGs. All general hospital services required to care for a pa-

tient (defined according to § 2 of the Hospital Remuneration Act)
are reimbursed based on the rates defined there. As a result of the
ban reservation of the Federal Joint Committee – everything is al-
lowed in the inpatient sector unless prohibited by the Federal Joint
Committee in accordance with § 137c SGB V – for now every new
examination and treatment method can be used in the hospital,
thereby promoting the development of innovative methods [21].
However, the use of innovative methods in the inpatient sector
does not automatically result in corresponding reimbursement.
To receive separate payment in such cases, an application can be
submitted for new examination and treatment methods (§ 6 para-
graph 2 Hospital Remuneration Act). Payments for approved new
examination and treatment methods are set for a fixed term and
in a case-based manner. Individual new examination and treat-
ment methods are integrated in the DRG catalog in subsequent
years in the form of DRGs or supplementary payments.

It is largely at the discretion of the individual hospital to decide
on an economic basis which (new) examination and treatment
methods will be used for providing patient care. Accordingly,
each hospital would theoretically have an interest in data regard-
ing the effectiveness and cost efficiency of imaging methods.
Based on this individual assessment, it is difficult to determine
the affect health economics studies regarding imaging technolo-
gies would have on investment decisions in a particular hospital.
Therefore, hospitals could decide to introduce a technology
despite a minimal proven advantage, for example to expand their
own position in the market, to retain employees, to comply with
guidelines, or to secure additional revenue through third-party
orders. The internal and external marketing goals of a hospital
cannot be ignored here [5]. The results of an HTA that does not
take such system effects into consideration can represent at
most only part of the decision process of a hospital.

▶ Table 4 Overview of the number of HTA reports in radiology in the period 2012 – 2017, source [23], pg. 594

publication year organ system imaging modality source

2017 breast Mammo, MRI [24]

head/neck PET-CT [10]

2016 lung CT [25]

lung CT, DCE-CT, FDG-PET-CT [26]

all PET-CT, PET-MRI [27]

2015 breast CT [28]

abdomen CTC [29]

2014 neuro MR-DWI, CT [30]

all MRI [31]

2013 abdomen TE [32]

abdomen Sono, CT, MRI [33]

2012 cardio CT-angio, angio [34]

CTC – CT-colonography; TE – transient elastography; DCE-CT – dynamic contrast-enhanced CT; FDG-PET-CT – 18-fluorodeoxyglucose-positron emission
tomography; MR-DWI – magnetic resonance diffusion-weighted brain imaging; PET – positron emission tomography.
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Analysis by the Federal Joint Committee for inclusion in the
uniform value scale is mandatory in the outpatient sector (authori-
zation right). The Federal Joint Committee must make recommen-
dations regarding the “recognition of the diagnostic and therapeu-
tic benefit of the new method and its medical necessity and
economic efficiency – also in comparison to methods already per-
formed at the expense of the health insurance funds – according
to current scientific knowledge in the relevant therapy approach”
(§ 135 paragraph 1 SGB V). If the service is included in the uniform
value scale, it can be billed as part of the physicians’ budgets. How-
ever, in radiology imaging, e. g. MRI, reimbursement is fundamen-
tally not related to a specific MRI technology. The part of the body
being examined (head, chest, etc.) and whether contrast agents or
dynamic sides were used are relevant for billing. Under considera-
tion of certain minimum standards, the MRI technology that was
used is not relevant. This shows again that individual manufacturers
do not have an incentive to conduct corresponding studies relevant
to the Federal Joint Committee.

Conclusion and outlook
The commercial incentive and the interest are not significant
enough on the part of customers as well as suppliers of large radi-
ology systems to individually invest in the evaluation of a technol-
ogy. The same is true for the creation of systematic reviews (like
HTAs). Even with sufficient medical and economic evidence, it is
unclear whether, for example, hospital management would take
the information obtained by an HTA into consideration in eco-
nomic decisions. To sum it up: No demand – no supply.

However, the systematic compilation and evaluation of the
medical and economic literature are a fundamental component
of EBR that should not be neglected. Physicians cannot be expect-
ed to be EBR-compliant when the evidence is so low that it is hard-
ly possible to derive practical instructions from the literature. For
this reason, there should be a desire for more evidence in the lit-
erature. In light of the described problems regarding incentive,
university hospitals as well as public funding agencies have an
important role in the promotion and implementation of medical
studies and studies on medical economics. It would be desirable
for additional funding sources for innovation and benefit assess-
ment of imaging methods to be made available for example to
cost carriers to allow more independent research in this area. As
a result, a scientifically substantiated basis could be created to be
able to use and further develop diagnostic methods in an
evidence-based manner in the future.
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