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ABSTRACT

Aim Digitalization in the healthcare sector is becoming in-
creasingly widespread. Yet, the degree of digitalization in nu-
clear medicine has not been systematically investigated. The
“Digitalization and Al” working group of the German Society
of Nuclear Medicine conducted a survey to assess the status
quo of digitalization of the nuclear medicine health infrastruc-
ture in Germany.

Methods 100 questions were defined on eleven topics cover-
ing the main work processes in nuclear medicine. The survey
primarily included single-select multiple-choice questions,
yes-no questions on the availability of specific digital struc-
tures and processes, and questions assessing the degree of di-
gitalization of certain processes and current satisfaction. The
level of satisfaction was measured with an ordinal scale (1,
very good to 5, poor).

Results In most subject areas, processes relied on a combina-
tion of paper-based and electronic procedures for the topics
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analyzed. Differences in satisfaction regarding the different
types of processes for any of the questions were not ob-
served, and the overall level of satisfaction among responding
sites was quite high.

Conclusion The survey did not reveal a clear need of the re-
sponding sites for complete digitalization of clinical proces-
ses. Yet, the participants highlighted the lack of proper Wi-Fi
(60%) and the desire for a platform for communication be-

tween hospitals, registered doctors and patients (74 %).
Nevertheless, it is important to take a focused and unbiased
look at the daily clinical procedures in every institution and
place it in the frame of the existing tools or solutions of peer
institutions to discover aspects of digitalization that can cre-
ate added value in terms of time efficiency, integrity and sus-
tainability.

Introduction

Digitalization in the healthcare sector is becoming increasingly
widespread as it offers numerous opportunities in communica-
tion, administration and data availability. In Germany, it is being
promoted by the Federal Ministry of Health (Bundesministerium
fiir Gesundheit, BMG), with the focus on the development of se-
cure networking in the healthcare system (telematics infrastruc-
ture, TI), the introduction of a general electronic health record
(Elektronische Gesundheitskarte, eGK), patient file (Elektronische
Patientakte, ePA) and prescription (E-Rezept), digital health (Digi-
tale Gesundheitsanwendungen, DiGA) and care applications (Di-
gitale Pflegeanwendungen, DiPA), the expansion of the use of vi-
deo consultations and other telemedicine services [1]. The main
goal of this initiatives is to provide care givers, patients and re-
searchers with prompt access to the required data and informa-
tion. The digitization of health data is also a prerequisite for mak-
ing it available for cross-location analyses via the Medical
Informatics Initiative (MIl) data integration centers (DIC). Further
details about the Ml are provided in reference [2].

The transition from paper-based methods to electronic, paper-
less processes in the German healthcare system is considered
overdue, as German hospitals were found to have a below-average
level of digitalization compared to other European countries and
have fallen further behind in recent years [3]. However, the de-
gree of digitalization in nuclear medicine in Germany has not yet
been systematically investigated. Imaging data is collected in digi-
tal form, archived long-term and integrated into the general infra-
structure of the healthcare system and hospitals. Many other pro-
cesses as well as documentation in patient and appointment
management, in radiopharmacy or on the therapy wards are not
necessarily digital.

The “Digitalization and Al” working group of the German So-
ciety of Nuclear Medicine (Deutsche Gesellschaft fiir Nuklearme-
dizin, DGN) has launched a survey to evaluate and discuss the sta-
tus quo of digitalization in the German nuclear medicine health
infrastructure. Eleven topics were defined for the survey, reflect-
ing the data-generating processes at nuclear medicine depart-
ments. The aim of the survey was to identify the need for action
in order to keep pace with the digital transformation in the health-
care sector.

Methods

A survey was conducted to assess the status quo of digitalization
in the nuclear medicine health infrastructure in Germany. The re-
porting of this study follows, where applicable, the STROBE
reporting guidelines [4] and the recommendations of [5]. The sur-
vey was designed according to [6], and the conceptual framework
of the survey was developed and implemented in the “Digitaliza-
tion and Al” working group of the DGN. For the survey, 100 ques-
tions on eleven subject areas were defined. The survey primarily
consisted of three types of questions: 1) Single select multiple
choice questions, 2) Yes-no questions regarding the availability
of specific digital structures and processes, and 3) Questions as-
sessing the degree of digitalization of certain processes and satis-
faction with these processes in their current form. The level of sa-
tisfaction was measured with an ordinal scale (1: very good, 2:
good, 3: satisfactory, 4: sufficient, 5: poor). The survey was imple-
mented as an online survey. It was announced via the e-mail dis-
tribution list of the DGN in May 2023. The language of the survey
was German; however, the questions and answers were translated
into English for publication. From each of the 11 subject areas,
one key finding was identified that was considered most relevant
to the DGN, all of which are reported in the main text; all other
results are given in the Supplementary Material. The survey data
were analyzed using descriptive statistics to summarize the re-
sponses across the 11 subject areas.

Results

The questionnaire was completed by 100 participants, 98 of them
from Germany (Baden-Wuerttemberg (17 %), Bavaria (23 %), Berlin
(2%), Brandenburg (2 %), Hamburg (3 %), Hesse (3 %), Mecklenburg-
Western Pomerania (2 %), Lower Saxony (7 %), North Rhine-West-
phalia (25 %), Rhineland-Palatinate (3 %), Saarland (2%), Saxony
(7 %), Schleswig-Holstein (2 %) (58 indicated their state)). Not every
question was answered by every participant as it was not imple-
mented as mandatory to answer a question to continue with the
questionnaire. Multiple responses from the same institution were
combined into a single response (criteria are given in the Supple-
mentary Material), which reduced the number of responses to 70.
The results of the main findings are given in » Table 1 (see the Sup-
plementary Material for the other results). In addition, the relation-
ship between level of satisfaction and the clinical process is given in
» Fig.1.
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» Table1 Table summarizing results of key questions of the survey.

Key questions Answer options Total (frequency in %)
Name of the organisation/affiliation Medical care centres/medical practices 23 (33)
Non-university hospital 17 (24)
University hospital 30 (43)
Total 70 (100)
Diagnostic reporting
Is reporting formalised in your organisational unit Yes 22 (34)
(structured reporting)? No 13 (20)
Both 24 (37)
I don’t know 6(9)
Total 65 (100)
Examination requirements and patient registration
Data and information are... On paper 4(8)
Electronic 9(17)
Both 39 (75)
Total 52 (100)
Level of satisfaction (in grades)... 1 8 (15)
2 28 (54)
3 15 (29)
4 1(2)
5 0(0)
Total 52 (100)
Management of radioactivity
Data and information are... On paper 5(21)
Electronic 3(13)
Both 16 (67)
Total 24(100)
Level of satisfaction (in grades)... 1 6 (25)
2 6 (25)
3 10 (42)
4 2(8)
5 0(0)
Total 24.(100)
Documentation of imaging data
Data and Information are... On paper 3(6)
Electronic 19 (38)
Both 28 (56)
Total 50 (100)
Level of satisfaction (in grades)... 1 16 (32)
2 21 (42)
3 11(22)
4 1(2)
5 1(2)
Total 50(100)
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» Table1 (Continuation)

Key questions

Therapy ward: Patient and appointment management

Data and information are...

Level of satisfaction (in grades)...

Thyroid outpatient clinic or outpatient clinic: Patient
and appointment management

Data and information are...

Level of satisfaction (in grades)...

Communication with referrers

External transmission of findings - How does communi-
cation with referrers usually take place?

Level of satisfaction (in grades)...

Obstacles to digitalisation and communication

Is there sufficient Wi-Fi coverage throughout the depart-
ment?

Wishes with regard to digitalisation

Is the establishment of a doctor and patient portal for the
digital networking of hospitals, registered doctors and
patients desired?

Answer options

On paper
Electronic
Both

Total

.

2
3
4
5
Total

On paper
Electronic
Both
Total

1

2
3
4
5
Total

By fax

By post

By software
Total

.

2

3

4

5
Total
Yes

No
Total

Yes
No
I don’t know

Total
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Total (frequency in %)

2(7)
9(33)
16 (59)
27/(100)
727)
11(42)
8(31)

0 (0)
0(0)

26 (100)

0(0)
32(70)
14 (30)
46 (100)
12 (26)
21 (46)
8(17)
2(4)
3(7)

46 (100)

14.(29)
31(63)
4(8)

49 (100)
11(22)
24 (49)
8 (16)
4(8)
2(4)

49 (100)

30 (60)
20 (40)
50 (100)

36 (74)
9(18)
4(8)

49 (100)
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Level of satisfaction in clinical processes

m On paper

Mean grade (the lower, the better)

0
C. Examination
requests/Patient
registration

D. Radioactivity
management

m Electronic

E. Documentation of
examination

m Both

F. Patient and appointment
management

G. Outpatient clinic and
thyroid clinic

> Fig.1 Relationship between level of satisfaction and clinical process. The level of satisfaction was assessed in relation to the implementation of
the clinical processes (on paper, electronical, both) using an ordinal scale (1: very good, 2: good, 3: satisfactory, 4: sufficient, 5: poor), from which

the mean value was calculated.

A. Name of the organization/affiliation

The respondents were from medical care centers or medical prac-
tices (33 %), non-university hospitals (24 %) and university hospi-
tals (43%) (n=70).

B. Infrastructure and equipment

One third of the organizational units (34 %) use structured report-
ing for diagnostic reporting; another third (37 %) uses structured
reporting to some extent. The remaining third of respondents do
not use structured reporting (20%) or do not know whether it is
used (9%) (n=65).

C. Organization and legal affairs

Data and information for examination requests and patient regis-
tration are paper-based in less than a tenth (8 %), electronic in al-
most a fifth (17 %) or both paper-based and electronic in three
quarters of responding sites (75%) (n=52). The vast majority
rated the process as “good” (54 %) or “very good” (15%) and the
minority “satisfactory” (29 %) or “sufficient” (2 %).

D. Radiopharmacy

Data and information for management of radioactivity (connec-
tion to the radiology information system (RIS); activity planning
and documentation) are paper-based in a fifth (21 %), electronic
in more than a tenth (12 %) or both paper-based and electronic in

160

two thirds of responding sites (67 %) (n=24). Half of the respon-
dents rated the process as “very good” (25%) or “good” (25%),
while the other half rated it as “satisfactory” (42 %) or “sufficient”
(8%).

E. Imaging

Data and information for documentation of imaging data are re-
ported to be paper-based by less than a tenth (6 %), electronic by
almost two fifths (28 %), and both, paper-based and electronic, by
more than half of the respondents (56 %) (n=50). The majority
rated the process as “very good” (32%) or “good” (42 %), while
fewer rated it as “satisfactory” (22%), “sufficient” (2%) or “poor”
(2%).

F. Therapy (ward)

Data and information for patient and appointment management
(coordination with the duty rota, bed plan, camera allocation) is
paper-based for less than a tenth (7 %), electronic by a third
(33%) and both, paper-based and electronic, for two thirds
(59%) (n=27). The majority rated the process as “very good”
(27 %) or “good” (42 %) and a smaller proportion as “satisfactory”
(31%).

G. Outpatient clinic and thyroid clinic

Data and information for patient and appointment management
(coordination with the duty rota, bed plan, camera allocation) is
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only paper-based for none of the responding sites, electronic for
two thirds (70%) and both, paper-based and electronic, for one
third (30%) (n=46). The majority of respondents rated the pro-
cess as “very good” (26 %) or “good” (46 %), while a fewer rated it
as “satisfactory” (17 %), “sufficient” (4 %) or “poor” (7 %).

H. Communication with referrers

Reports are usually sent to external institutions by fax in one third
of cases (29%), by mail in two thirds of cases (63 %) and by soft-
ware in less than one tenth of cases (8 %) (n=49). The majority
rated the process as “very good” (22 %) or “good” (49 %) and few-
er rated it as “satisfactory” (16 %), “sufficient” (8 %) or “poor”
(4%).

I. Obstacles to digitalization and communication

Only 40% of respondents stated that they had sufficient Wi-Fi
coverage (n=50).

J. Wishes with regard to digitalization

A doctor and patient portal for digital communication between
hospitals, registered doctors and patients is desired by three quar-
ters of respondents (74 %) (n=49).

Discussion

There was a fairly balanced proportion of responses from medical
care centers or medical practices, non-university hospitals and
university hospitals, as well as the fairly representative distribution
of respondents from different federal states in terms of responses
per capita. We therefore assume that the survey responses are
representative of the nuclear medicine community in Germany.

The survey found that one third of organizational units use
structured reports for diagnostic reporting and another third use
structured reports at least to some extent. For those units that
use it only partially or not at all, it is desirable to move from free
text to structured reporting to make results comparable within
the department and between different centers. For the analysis
of large datasets and the use of machine learning methods, e.q.
via the German Portal for Medical Research Data (Forschungsda-
tenportal fiir Gesundheit, FDPG) or the German Radiological Co-
operative Network (RACOON) [7], structured reporting facilitates
the integration and retrieval of reporting data into electronic
health records (EHR) and DIC databases. It may also support the
time-consuming process of the manually annotating image data-
sets, which is required to train machine learning models. To imple-
ment structured reporting, a standardized reporting terminology
is required (e.g., using report templates like TIRADS [8] and PRO-
MISE [9]).

The results show that in most subject areas, processes rely on a
combination of paper-based and electronic procedures for the
subject areas analyzed: “Radiopharmacy”, “Imaging”, “Therapy
(ward)”, “Outpatient clinic and thyroid clinic” and “Communica-
tion with referring physicians”. Consequently, many processes
are not yet fully digitized. The reason may be that many digital
procedures for an imaging department, often developed primarily

for radiology, are not specific to nuclear medicine as they do not
include the possibility of handling radiopharmaceuticals or ad-
minister radionuclide therapies. To our surprise, we did not ob-
serve any differences in the level of satisfaction with the different
types of processes for any of the questions, and the overall level of
satisfaction among respondents was quite high - despite the low
to moderate level of digitalization. Thus, the survey did not reveal
a clear need of the responding sites to move towards complete di-
gitalization of the various processes. We conclude that digitaliza-
tion does not necessarily imply user satisfaction.

We suspect that the lack of dissatisfaction with the status quo
can be explained, among other things, by the fact that respon-
dents have become accustomed to the way their own processes
work. Notably, there is usually no choice between paper-based
and digital processes. In such a situation, participants can only
speculate about the potential impact or benefits of transitioning
a process to a digital approach. Respondents may not be aware
of how cumbersome, inefficient, or error-prone a particular pro-
cess may be because there is no point of comparison. Additionally,
an individual may not always be able to validly assess the entire
process. For example, a physician who quickly fills out documents
in paper form might not realize how time-consuming the scan-
ning and archiving of these paper documents might be for an as-
sistant. An independent external observer would have to objec-
tively evaluate the entire process with respect to the availability
of work forces in different qualification levels. Additionally, this
may be also hindered due to fragmented software strategy of
the hospitals. The PACS/RIS-system is often implemented by the
hospital without the participation of the people which were ex-
pected to work with it. After installation the software is often not
optimal configurable to the specific needs of the clinical applica-
tion. This leads to partial digitalization. A bottom up approach
with integration of different specialists can be beneficial to plan
and implement future digital tools.

At this point, it should be emphasized that the benefit of digi-
talization lies in the ability to make data timely available where it is
needed by physicians, patients and researchers. However, this is
not about the complete digitalization of previously paper-based
processes and procedures that have proven to be efficient, but
about the implementation of supporting digital medical applica-
tions. Notably, transitioning from well-established paper-based
processes to a digital approach can easily lead to more disrup-
tions, increased time consumption, and frustration, at least dur-
ing the transition phase. Such a change therefore always requires
sufficient time, personnel resources, and close monitoring of the
processes.

When asked about barriers to digitalization and digital com-
munication, the lack of connectivity was the main reason given.
Only 40% of respondents reported adequate Wi-Fi coverage. For
example, a reliable Wi-Fi connection ensures fast access to elec-
tronic patient records, so that medical staff always have access to
up-to-date and accurate patient data, or enables the use of ta-
blets and smartphones for in-process documentation. Building a
robust, safe and reliable Wi-Fi infrastructure in hospitals is a basic
requirement for various digital processes. However, this can be a
particular problem in departments that use ionizing radiation, as
many of the walls are specially shielded to minimize radiation ex-
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posure to patients and staff - which might also weaken or com-
pletely block any Wi-Fi signal.

The need for a digital platform to facilitate communication and
interaction between physicians and patients became clear as it is
desired by three quarters of respondents. Yet, a physician-patient
portal that meets the needs of nuclear medicine would need to
allow not only access to digital patient records and laboratory re-
sults but also to the transfer and reading of multimodal imaging
data from previous examinations. The development of such a por-
tal would first require careful needs analysis and planning, includ-
ing considerations of technical infrastructure, functionalities,
integration, usability and interoperability.

Conclusion

The results of the questionnaire indicate that routine processes in
nuclear medicine facilities in Germany are rarely fully digitalized.
In some cases, respondents were able to clearly identify specific
deficiencies and desires, such as incomplete Wi-Fi coverage or
the need for better digital communication between nuclear med-
icine specialists, patients, and referring physicians. On the other
hand, it seems difficult to assess to what extent a transition to di-
gital processes would increase staff satisfaction, as familiarity with
the usual practices makes it difficult to envision the potential ben-
efits of the unknown. We therefore consider it important to close-
ly and openly examine the everyday processes within one’s own
facility, with the aim of identifying the specific processes and
structures where there might be a need for optimization and
where digitalization could add value in terms of time efficiency,
integrity, and sustainability. It is essential to involve all stakehold-
ers in the process. Key to the future implementation is national
and European standardization of data structure, file formats and
communication standards. On the other hand, training of the
specific tools and structure has to be organized by the clinical
and scientific community. Legal and requlatory standards could
be implemented by e.g. the German Standardization Institute
(Deutsche Institut fiir Normierung, DIN) and official authorities
(the Federal Ministry for the Environment, Nature conservation,
Nuclear Safety and Consumer Protection, the Federal Office for
Radiation Protection and the Radiation protection commission)
to support the broad implementation of the digital infrastructure.
The nuclear medicine community and the DGN could provide in-
centives and support by enabling facilities to network with each
other, share information on processes, and find optimization op-
portunities and joint solutions. One specific aspect may be the

broader implementation of structured reporting for the most fre-
quent procedures in nuclear medicine. This would ensure that
processes and data in nuclear medicine are adapted to meet fu-
ture demands for connectivity, interoperability, and data integra-
tion, both in routine care and in research.
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