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cation for evaluation of liver lesions in patients at risk.

Materials and Methods Using the website www.deutsches-
krankenhausverzeichnis.de a list of hospitals was generated
meeting the criteria internal medicine, gastroenterology, gen-
eral and visceral surgery and radiology (n=391). Randomly,
102 department directors were contacted, and asked to
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in order to participate in the survey. 177 potential partici-
pants were invited to fill out an approximately 10-minute on-
line survey in the form of 17 questions regarding the aware-
ness and application of LI-RADS. The results of the survey
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Key words were analyzed by means of descriptive statistics.

LI-RADS, liver, HCC, CT, ultrasound, MR-imaging Results 77 participants were registered, which corresponds
to a response rate of 43.5 %. 47 % of all participants were radi-

received 12.03.2020 ologists, 30 % surgeons and 23 % internal doctors/gastroen-

accepted 21.06.2020 terologists, respectively, many with more than 13 years of

published online 20.07.2020 professional experience (37.2 %). The majority of participants

Bibliography worked in a hospital with a focus (37.2 %) or a university hos-

pital (29.1 %). Even though the majority of participants knows
about or has heard of LI-RADS (73.2 %), only a minority uses
the classification themselves (26 %) or within the context of
tumor boards (19.2%).

Conclusion The results of our survey demonstrate that LI-
RADS is relatively known in Germany, the application however
quite sparse. This is in contrast to the general desire and en-
Correspondence deavor for more standardized reporting in radiology.
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ZUSAMMENFASSUNG

Ziel In einer bundesweiten Online-Umfrage der Arbeitsge-
meinschaft Gastrointestinal- und Abdominaldiagnostik der
Deutschen Rontgengesellschaft erfolgte eine aktuelle Stan-
dorterhebung im Hinblick auf die Bekanntheit und Nutzung
der LI-RADS (Liver Imaging Reporting and Data System)-Klas-
sifikation bei der Beurteilung von Leberldsionen im Risikokol-
lektiv.

Material und Methoden Uber die Internetseite www.deut
sches-krankenhausverzeichnis.de wurde eine Liste von Kran-
kenhdusern generiert, welche die Kriterien Innere Medizin,
Gastroenterologie, Allgemein- und Viszeralchirurgie und Ra-
diologie erfiillten (n=391). Per Zufall wurden 102 Cheférzte
der entsprechenden Abteilungen kontaktiert mit der Bitte,
jeweils einen Fach- bzw. Oberarzt sowie einen Weiterbildung-
sassistenten zwecks Kontaktaufnahme und Teilnahme an der
Umfrage zu benennen. Den insgesamt 177 eingeladenen Teil-
nehmern wurde mithilfe des SurveyMonkey® Webtools eine
Online-Umfrage mit 17 Fragen zum Thema LI-RADS und einer
Bearbeitungszeit von etwa 10 Minuten zur Verfligung gestellt.

Die Ergebnisse der Umfrage wurden mittels deskriptiver Sta-
tistik ausgewertet.

Ergebnisse Insgesamt beantworteten 77 Teilnehmer den
Fragebogen, entsprechend einer Riicklaufquote von 43,5 %.
Bei den Teilnehmern handelte es sich zu 47 % um Radiologen,
zu 30% um Chirurgen und zu 23 % um Internisten, der (iber-
wiegende Anteil mit mehr als 13 Jahren Berufserfahrung
(37,2 %). Die Mehrheit der Teilnehmer arbeitete an einem
Krankenhaus mit Schwerpunktversorgung (37,2 %) oder ei-
nem Universitatsklinikum (29,1 %). Auch wenn die Mehrheit
der Teilnehmer (73,2 %) LI-RADS kennt bzw. schon einmal da-
von gehort hat, so wird LI-RADS lediglich von der Minderheit
selbst (26 %) bzw. im Rahmen von Tumorkonferenzen (19,2 %)
verwendet.

Schlussfolgerung Die Ergebnisse der Umfrage zeigen, dass
die LI-RADS-Klassifikation zwar relativ bekannt ist, aber nur
vereinzelt genutzt wird. Dies steht im Gegensatz zu dem all-
gemeinen Wunsch und Bestreben nach mehr standardisierter
Befundung in der Radiologie.

Introduction

The LI-RADS (Liver Imaging Reporting and Data System) classifica-
tion is a dynamic reporting system of the American College of
Radiology (ACR), which was developed with the goal of standar-
dizing terminology, technique and interpretation of findings in
the context of liver imaging [1]. In addition to assessment of dis-
ease progression, use of the classification potentially also im-
proves the interdisciplinary communication of findings. As a taxo-
nomic system, the Reporting and Data Systems (RADS) of the ACR
enable standardization of radiological findings and thus allow a
structured classification of findings for a wide variety of clinical is-
sues. Probably the best known and most established RAD system
is the so-called BI-RADS (Breast Imaging Reporting and Data Sys-
tem), which is used in breast imaging [2].

The need for standardization and classification in liver imaging
became clear in 2006 during a meeting of hepatologists and sur-
geons at the University of California San Diego, which drew atten-
tion to problems in the interpretation and especially interdisciplin-
ary communication of CT and MRI findings [3]. The first LI-RADS
version issued in 2011 resulted from a joint meeting of represen-
tatives of AASLD (American Association for the Study of Liver Dis-
ease) and OPTN (Organ Procurement and Transplantation Net-
work) and has been continuously revised and developed since
then (latest version 2018). Initially LI-RADS was developed only
for CT and MRI (with extracellular contrast medium (CM)), but
has since been expanded to include liver-specific contrast imaging
in MRI and ultrasound including contrast-enhanced sonography
[4].

LI-RADS is only used for patients with a high risk of hepatocel-
lular carcinoma (HCC). Specifically, these are patients older than
18 years with known liver cirrhosis or chronic hepatitis B virus in-
fection or patients with a known HCC. In principle, LI-RADS as-

signs probabilities of HCC or benign masses to individual findings
in the liver using a defined evaluation algorithm [1].

Since the 2017 version there has also been a German transla-
tion and accompanying manual for LI-RADS. The individual find-
ings in the liver are called “observation” in the German transla-
tion. In principle, this term is used to describe every questionable
finding in the liver, so that so-called pseudo lesions, such as those
that can occur in the form of perfusion changes or artifacts, are
also included [5]. It should be noted that the German translation
of the LI-RADS version has not been reviewed and translated by
the German-speaking radiological expert bodies and is not yet
firmly anchored in a national guideline system in Germany or
Europe.

LI-RADS assigns different categories to the observations that
represent the probability that a lesion is HCC. As is typical for
RAD systems, a five-stage system is used (LR-1 = definitely benign
to LR-5=definitely HCC). In addition, lesions can be described as
LR-NC (non-categorizable) if the image quality of the underlying
CT, MRI or ultrasound examination is insufficient. In addition, the
LR-M category defines a liver mass that is highly likely to be malig-
nant but highly likely not HCC, and the LR-TIV category defines a
tumor infiltration into the vein [1, 6].

The classification of these LI-RADS categories is based on clear-
ly defined “major features” or main criteria: arterial hyperen-
hancement, (non-peripheral) washout, increased contrast of a
possibly existing capsule, the size of the observation and a possi-
bly existing threshold growth (=50 % size growth in <6 months).
The first categorical classification of the individual observations is
made based on these five main criteria. By using ancillary features,
findings can then be downgraded by one category or upgraded to
a maximum of LR-4 [1].

Originally it was planned to update the LI-RADS classification
with a new version every 3 to 4 years [7]. However, this rhythm
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was already interrupted in 2018 in order to achieve compliance
with the HCC guideline of the AASLD and the OPTN guideline on
transplantation [8, 9]. The integration of LI-RADS into US clinical
guidelines was an important step towards the spread and accep-
tance of LI-RADS in the USA [10, 11].

In contrast, LI-RADS is not yet integrated into the current Ger-
man and European guidelines. Although there is a clear trend to-
wards structured reporting and standardization of terminology
across all organs in the German-speaking world [12-14], the ac-
tual application still appears to be relatively limited. An additional
problem for the acceptance of LI-RADS in the clinical routine is the
still frequently changing versioning of LI-RADS and the resulting
uncertainty among radiologists, but also among clinical partners
in internal medicine, hepatology and surgery.

Due to the integration of the new LI-RADS version into the US
guidelines and clinical evolution based on increased radiological
literature on the topic, it is time to pay more attention to this sys-
tem of structured reporting and terminology in Germany and Eur-
ope. This is also reflected in the significantly increasing number of
publications on the topic. A PubMed search with the keyword
search “LI-RADS” resulted in only one publication in 2012,
whereas in 2020 (as of 03/03/2020) there were already 254 pub-
lications. There may be better acceptance in the future only if the
system is adopted and increasingly propagated by the European
and national professional societies.

For this reason, we decided to conduct a systematic survey of
the status quo in an interdisciplinary environment via the German
Radiological Society and the Working Group for Gastrointestinal
and Abdominal Imaging of the DRG. The aim was to determine
the degree of familiarity with the LI-RADS classification, the ex-
tent to which it is used in clinical routine and in the context of tu-
mor boards, and in particular, the reasons for its lack of applica-
tion. In this context, it should also be evaluated whether, from a
clinical point of view, the use of such a classification is even con-
sidered necessary by the different disciplines.

Materials and Methods

After preparatory discussion among the experts involved, an on-
line survey was conducted using the SurveyMonkey® web tool
(www.surveymonkey.com; [15]), which was made available in a
professional expansion stage via the DRG. The survey consisted
of 17 questions, of which 13 were multiple-choice questions and
2 each were decision (yes/no) and open questions. The survey was
available between June 1 and July 31 2018, and consisted of three
blocks of questions. The first block (5 questions) collected back-
ground information about the participants and their respective
working environments. The second block (8 questions) covered
awareness and use of the LI-RADS classification, and the third
block (4 questions) addressed potential reasons for the lack of
use of the LI-RADS classification and the general need for stand-
ardized reporting.

The target group of the survey were physicians from various
disciplines involved in the diagnosis and treatment of patients

with liver tumors, in particular gastroenterologists, hepatologists,
general and visceral surgeons and radiologists. The Internet page
www.deutsches-krankenhausverzeichnis.de was used to generate
a list of hospitals meeting the criteria of internal medicine, gastro-
enterology, general and visceral surgery as well as radiology. From
the resulting list of 391 hospitals, 102 clinics were randomly selec-
ted. In order to obtain a representative share from each German
federal state, as many clinics were selected from each state pro-
portionate to the respective share in the original list. The heads
of the respective departments were contacted by email with the
request to nominate a specialist or senior physician as well as a re-
sident physician for the purpose of establishing contact and parti-
cipation in the survey. The potential participants were invited over
a period of 3 weeks up to a maximum of three times by telephone
or e-mail to participate in the survey.

The SurveyMonkey® tools were used to analyze the survey re-
sults. Further statistical analysis using descriptive methods was
performed using Prism 7.0 (GraphPad Software Inc., San Diego,
USA).

Results

After initial contact with the head physicians of 102 hospitals, we
received the contact details of 177 potential contacts for the sur-
vey. Of these 177 invited physicians, 77 took part in the survey,
representing a participation rate of 43.5%. Since there was no
mandatory answer to any of the questions, or if under certain cir-
cumstances they were not applicable, individual answers could be
skipped.

Section A: Background information and participant’s
working environment

1. What is your specialty? (multiple answers possible)

2. How many years have you been clinically active (since
completing your studies)?

3. What is your position in the hospital?

4. In which clinical environment are you involved?

5. How many beds are there in the hospital where you work?

Of the survey participants, 47 % were radiologists, (n=36), 30%
surgeons (n=23) and 23 % internists or gastroenterologists
(n=18), mostly with at least 7 years of professional experience
(67.5%; » Fig. 1). The environment consisted of a cross-section
of resident physicians (37 %; n=28), specialists (4 %; n=3), senior
physicians (43 %; n=33) and attending physicians (17 %; n=13).
Head physicians did not participate in this survey. Of the partici-
pants, 29.9% (n=23) worked at a university hospital (n=23),
25.9% at a hospital providing maximum level 3 care (n=20),
36.4% at a hospital providing priority level 2 care (n=28), and
7.8 % at a hospital providing standard level 1 care (n=6). Regard-
ing the number of beds at the respective facilities, hospitals with
more than 800 beds predominated with 48 % (n=37), followed by
facilities with 400-800 beds (39 %; n=30) and those with fewer
than 400 beds (13%; n=19).
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> Fig. 1 Responses to the question “For how long have you been
working clinically?” Out of 77 participants, 40.2 % have been work-
ing for more than 13 years, 20.8 % were novices.

Section B: Familiarity with and prior use of LI-RADS
classification

1. Are you familiar with the LI-RADS classification for the assess-
ment of focal liver lesions in the risk cohort?

2. Do you believe that the application of the LI-RADS classifica-
tion in clinical | everyday practice can standardize assessment
criteria and reduce the scope of interpretation of findings?

3. How practicable do you find the LI-RADS classification for
everyday clinical use?

4. Have you ever used the LI-RADS classification yourself?

5. Is the LI-RADS classification used in your clinic/department/
practice/tumor board?

6. Since when has the LI-RADS classification been used in your
clinic/department/practice?

7. For which findings is the LI-RADS classification used in your
working environment? (multiple answers possible)

8. How often is the LI-RADS classification used in your environ-
ment with respect to the relevant risk cohort?

Although the majority of respondents were familiar with the
LI-RADS classification, it is striking that only 22.1 % (n=17) indica-
ted that they were well-informed about it. Most were radiologists
(65 %), respondents who worked in a university environment
(77 %) or in a senior medical or management position (88 %). The
level of knowledge of LI-RADS as a function of the specialty sur-
veyed is shown in » Fig. 2. The majority of the respondents
(59.7 %) believed that the use of the LI-RADS classification in ev-
eryday clinical practice can standardize assessment criteria and re-
duce the scope for interpretation of findings accordingly. Only
7.8% held a contrary opinion, which is in line with the opinion
that 61 % of the survey participants consider the classification as

it currently exists to be practicable (> Fig. 3). This predominantly
positive opinion clearly conflicts with the actual use of the classifi-
cation in everyday clinical practice. Only 26 % of respondents have
used LI-RADS themselves, and only 19.5 % indicated that LI-RADS
is used in their clinic, department or tumor board. Of the 20 par-
ticipants who have used the LI-RADS classification themselves,
most were radiologists at universities (> Fig.4). When LI-RADS is
used, then most often for MRI and CT imaging (37.5 %; » Fig.5),
but overall the classification is only referred to in a small fraction
of the findings of the applicable patient population. Of the survey
participants 45.8 % stated that LI-RADS is used in less than 50 % of
the corresponding findings (> Fig. 6).

Section C: Reasons behind the lack of application;
need for standardization

1. Why is the LI-RADS classification not yet used in your environ-
ment? (multiple answers possible)

2. Would you like the LI-RADS classification to be applied (more)
in your facility?

3. In general, would you desire more structured findings from
radiology.

4. Comments/Notes

Among the 62 respondents who stated that LI-RADS is not used in
their working environment, the main reasons for the lack of appli-
cation were ignorance or inexperience with its use (n=19; 30.6 %)
and lack of practicability (n=4; 6.5 %). More than half of the parti-
cipants (n=32) stated that they did not know the reasons for the
lack of application (51.6 %). Concerning the wish for an increasing
application of the LI-RADS classification in the future, the majority
of the respondents was circumspect; 57 % answered accordingly
with “maybe”, however, 31.2 % of the participants would like a
corresponding application for all liver lesions (> Fig. 7). Interest-
ingly, the majority of the survey participants wanted to see more
structured findings from radiology (52.1 %) or structured findings
for all oncological issues (42.9 %). The desire for more structured
reporting in general was equally pronounced in all specialties;
97 % of the participating radiologists (35/36) answered this ques-
tion positively, as did 87 % of surgeons (20/23) and 100 % of inter-
nists or gastroenterologists (18/18). The desire for more struc-
tured reporting as a function of the clinical environment is
shown in » Fig. 8.

Discussion

With a response rate of over 43 %, we were able to achieve a good
and largely balanced survey result with a total of 77 participants in
the various disciplines of radiology, internal medicine and surgery.
To avoid a selection bias, all colleagues selected for the survey
were personally contacted up to three times and reminded to
stop the online survey. In this way we were able to reach a propor-
tion of about 47 % radiologists, 23 % internists and 30 % surgeons.

Overall, it can be summarized that the knowledge and applica-
tion of LI-RADS varies greatly depending on the specialty, profes-
sional experience and clinical or academic environment. Partici-
pants from university clinics or large hospitals were most familiar
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> Fig.2 Responses to the question “Have you heard about the LI-RADS classification for evaluation of focal liver lesions in patients at risk?”, as a

function of clinical specialty.

Very practicable
o Rathar practicable
© Somewhat practicable

» Fig.3 “How practical would you evaluate the LI-RADS classifica-
tion?” Nearly 40 % of participants (n=30) were not able to answer
this question due to lack of LI-RADS knowledge. On the other hand,
more than 60 % of the interviewed consider the classification as
practicable.

with LI-RADS. With regard to specialty, participating radiologists
had the highest knowledge rate of 86 % (“at least have heard of
LI-RADS”). Surprisingly, 39 % of gastroenterologists stated they
had never heard of LI-RADS, which was the case for 35% of sur-
geons and only 14 % of radiologists. Although the LI-RADS classifi-
cation and its creation by the ACR is a reporting system initiated
by radiologists, it has an interdisciplinary approach and is de-
signed to improve communication among different clinical disci-
plines. However, based on the results of our online survey, this

hardly seems possible at the moment given the current level of
knowledge and awareness of this classification.

In addition to the clinical environment, the educational or pro-
fessional status of the participants is of crucial importance. The
greatest unfamiliarity (“never heard of LI-RADS”) was in the group
of resident physicians with 32% (9 out of 28 participants),
whereas this was the case for 18 % (6 out of 22 participants) of se-
nior physicians and 15 % of attending physicians (2 out of 13 par-
ticipants). Throughout the survey, however, it is noteworthy that
the majority of respondents would in principle like to see struc-
tured reporting and structured terminology in radiology [14].

In the individual responses, the main reasons for the lack of ap-
plication of the LI-RADS classification in clinical routine were the
complexity of the system and associated difficulties. In particular,
there was criticism that the “ancillary features” often contribute
to additional lack of clarity. The complexity of the LI-RADS algo-
rithm is indeed not unproblematic in everyday use, has already
been criticized in the English literature and is a possible reason
why it has not yet been integrated into additional guidelines [16,
17]. Regardless of the complexity of the system, many partici-
pants of the survey obviously do not even know why the LI-RADS
classification is currently not used. This suggests that LI-RADS-
based reporting may not yet have been discussed in the relevant
institutes. An initial discussion in the individual departments and
institutes could certainly help to spread awareness of the exis-
tence of the LI-RADS classification and ultimately its implementa-
tion. In addition, physicians who already use the LI-RADS system
noticed that often not all necessary or required contrast medium
phases were present during extramural examinations, so that an
adequate LI-RADS evaluation in the context of tumor boards is of-
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> Fig.4 Reponses to the question “Have you yourself used the LI-RADS classification”, as a function of clinical subspecialty (A) and clinical envir-
onment (B). Out of the 20 participants who have used the LI-RADS classification themselves, most were radiologists working at a university hos-

> Fig.5 Responses to the question “For which modalities is the LI-
RADS classification used in your environment?” refer to 24 partici-
pants in whose environment LI-RADS is already in use. Strikingly,
only 2 participants use LI-RADS for all modalities.

ten not possible [18]. This circumstance unfortunately confirms
the lack of knowledge of the guidelines for the technical imple-
mentation of imaging of HCC [19] and a lack of in-depth discus-
sion of LI-RADS assessments in the German Radiological Society.

= 100% of Nndings
« Apprex. 50 of findings
« Apprex.60-74% of findings
-~ <50% of Tndngs

© Me respests

> Fig.6 Responses to the question “How often is the LI-RADS clas-
sification applied in your environment for respective patients at
risk?” refer to 24 participants in whose environment LI-RADS is
already in use.

It also seems remarkable that there is only a low level of familiarity
with the LI-RADS classification, especially among resident physi-
cians. This may be partly due to the still low level of specialization
during medical residency, but must be taken as an opportunity to
implement more structured reporting in everyday clinical practice
at this early stage, and to include RADS classifications in the curri-
culum of specialist training and actively make them available [20].

Another potential obstacle to the dissemination of LI-RADS
may certainly be the language barrier of previous versions. Due
to the recently available translations of the ACR in currently 9 lan-
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guages, a decisive contribution has been made to positively influ-
ence familiarity and application in German-speaking countries.
Nevertheless, it must be critically noted that the translations of
the ACR have generally not been officially performed under the

» Fig. 7 Responses to the question “Would you wish that LI-RADS is
used (more) in your clinical environment?” A distinct minority (only
3.9%) do not desire any LI-RADS application.

100%
90%
B80%
70%
60%
50%
40%
30%
20%
10%
0%
University
Hospital
No structured findings 0.0%
= Somewhat more structured findings 4,3%
»  For all oncological issues 47,9%
W  Only more structured findings 43.5%

auspices of the by the local radiological professional association
and consequently sometimes contain somewhat ambiguous and
unclear terms. A prime example is the word “observation”, which
in the strict sense of the Duden German dictionary has the impli-
cation of monitoring and is not ordinarily used in radiological lan-
guage in Germany in the same English-language context [4, 21].
These relatively simple and misleading direct translations or even
adoption of words into German will certainly not contribute to the
acceptance of a classification, which should also be based on clear
language that can be understood by all disciplines. Debatable are
also formulations in terms of content, some of which are relatively
vague, such as “multidisciplinary discussion of a targeted work-up
(may include a biopsy)” as a recommendation for action in the
case of LR-4 lesions.

In summary, it can be stated that, on the one hand, there is a
great desire to increasingly use structured reporting in the Ger-
man-speaking world (especially in oncological imaging), but that
implementation has so far met with limited success. Joint training
initiatives, for example through the DRG and its working groups,
are certainly a first step towards this goal. At the same time, coor-
dinated interdisciplinary training and dissemination of the
LI-RADS classification must be implemented, especially since the
recipients of radiological findings, namely hepatologists, gastro-
enterologists and surgeons, are still quite ignorant of this struc-
tured terminology. The third and probably decisive approach for
broad application must be the integration of LI-RADS into local,
in this case German or European guidelines on HCC. In Germany
and in Europe it now depends on the new versions of the guide-
lines whether LI-RADS can be integrated into the European sys-
tem. At the latest then, an increased knowledge of structured

Hospital with Hospital with Hospital with
maxmum care priority care standard care
(Level 3) (Level 2) (Level 1)
0.0% 0.0% 16.7%
40.0% 32.1% 16.7%
30.0% 42,9% 66.6%
20.0% 25.0% 0.0%

> Fig. 8 Responses to the question “Would you like to receive more structured reports from radiologists?” as a function of the clinical environment.
Noticeably, a consistent desire for more structured reports can be identified.
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reporting according to LI-RADS is certainly possible and to be ex-
pected through the dissemination and application within the fra-
mework of the guidelines. An additional motivation for the in-
creasing use of LI-RADS could also be its value as a potential
prognostic tool, as recently shown in a study [22]. Finally, the
lack or inadequate integration of structured reporting options
into the currently installed radiological information systems (RIS)
must also be critically noted [23]. In particular, computer-aided
automation of data acquisition and documentation of an accep-
ted standard, such as LI-RADS, is the decisive prerequisite for the
seamless integration of such systems into the clinical routine.
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